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To the President of the Senate and the
Speaker of the House of Representatives

Herewith 1s our report on the review of the Manned Alr-
craft Nuclear Propulsion Program of the Atomic Energy Com-
mission and the Department of Defense. The Aircraft Nuclear
Propulsion Program was a joint project of the Atomic Energy
Commission and the Air Force to develop a nuclear-powered
alrplane for military purposesj; the Navy was a minor partic-
ipant in the program.

Work relating to the nuclear propulsion of aircraft
was initiated in 1946 and continued until the entire pro-
gram was terminated in 1961. The total cost of the program
was about $1 billion.

At the time of termination, the Aircraft Nuclear Pro-
pulsion Program was still in the research and development
stage, with primary emphasis on high performance reactors.
Although a number of research and development achievements
can be credited to this program, at the time of termination
an airplane had never been flown on nuclear power nor had a
prototype airplane been built. The benefits acecruing to
the Government from the Aircraft Nuclear Propulsion Program
are dependent upon the present and subsequent use of facil-
ities constructed and the technology gained. The Atomic
Energy Commission stated that these facilities and the tech-
nology became the basis of much of the research and develop-
ment now being conducted as a part of the space reactor de-
velopment programs.

Although the Aircraft Nuclear Propulsion Program has
been terminated, we have found deficiencies in administra-~
tion of this program and have certain observations which we
are reporting for the information of the Congress and for
consideration by executive agenciles so that appropriate
steps can be taken to minimize the possibility of similar
sltuations in future research and development programs.

The Aircraft Nuclear Propulsion Program was a techni-
cally complex and difficult research and development program
carried out in competition with other programs for national
defense. As a result, the importance attached to the pro-
gram varied greatly throughout its history, and frequent
changes in emphasis and direction of the program occurred.
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Although it was outside our scope to examine into the rea-
sonableness of or justification for the frequent changes

in program objectives, we do not belleve that a research
and development effor% of the complexlty and magnitude 'of
the Alrcraft Nuclear Propulsion Program can reach its goal
in an effective and efficient manner unless a certaln de-
gree of stability in objectives is accorded to the program.
During our review we noted various indications that the De-
partment of Defense did not furnish sufficient and timely
guidance for the Aircraft Nuclear Propulsion Program and
that program reorientations were not formalized on a timely
basis. A summary of our observations and findings is pre-
sented in the forepart of the report.

The Department of Defense, in commenting on this re-
port, has stated that it agrees that the program suffered
considerably from lack of prompt decisions and from fre-
quent changes in emphasis and goals and that 1t 1s for the
purpose of minimizing the impact of such conditions in the
future that it has instituted many new management proce-
dures in the Department. The detailed staff comments from
the Army and Air Force, with respect to the specific items
concerning thelr respective roles in the program, are In-
cluded at appropriate sections throughout the report. The
Atomic Energy Commission has stated that the report pro-
vides a history of the major problems which influenced the
execution of this difficult and complex research and de-
velopient effort. The comments of the Atomic Energy Com-
mission pertinent to particular observations within the
report are included in the appropriate sections throughout
the report. Comments were solicited from the major con-
tractors engaged in the Alrcraft Nuclear Propulsion Pro-
gram, and the replies received indicated basic agreement
with the facts presented in this report.

Copies of this report are being sent to the President
of the United States; the Secretaries of Defense, the Army,
the Navy, and the Air Force; and the Commissioners of the
Atomic Energy Commission.
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REPORT ON REVIEW

OF
MANNED ATRCRAFT NUCLEAR PROPULSION PROGRAM

ATOMIC ENERGY COMMISSION
AND
DEPARTMENT OF DEFENSE

INTRODUCTION

The General Accounting Offlce has made a review of the Manned
Aircraft Nuclear Propulsion (ANP) Program of the Atomic Energy Com-
mission (AEC) and the Department of Defense (DOD). This review was
made pursuant to the Bﬁdget and Accounting Act, 1921 (31 U.S.C.
53), the Accounting and Auditing Act of 1950 (31 U.S.C. 67), the
Atomic Energy Act of 1954+ (42 U.S.C. 2206), and the authority of
the Comptroller General to examine contractors' records, as set
forth in 10 U.5.C. 2313(b).

The ANP program was based upon requirements established by DOD
and was a joint project of AEC and the‘Air Force for developing a
nuclear-powered airplane for military purposes. The Navy was a mi-
nor participant in the program. The AEC was responsible for the
reactor and the related shielding, while the Air Force was respon-
sible for the remaining parts of the airplane, mainly the turboma-
chinery, airframe, and auxiliary components.

The major contractors engaged in the ANP program were the Air-
craft Nuclear Propulsion Department of the General Electric Company

(GE), the Pratt & Whitney Aircraft Division of the United Aircraft



Corporation (P&W), the Convair Division of the General Dynamics
Corporation (Convair), the Georgia Division of the Lockheed Air-
craft Corporation (Lockheed), and the Oak Ridge National Laboratory
(ORNL). _

After 15 years of feasibility studies and research and devel-
opment effort, the ANP program was terminated in March 1961. The
total cost of the ANP program as of June 30, 1961, was about
$1,040 million--$839 million for operating costs and $201 million
for facilities and équipment. The Air Force furnished about
$518 million, the AEC about $508 million, and the Navy about
$14 million. For a detailed breakdown of the costs of the ANP pro-
gram, see pages 110 to 113.

At the time of its termination, the ANP program had been redi-
rected to the research and development stage with primary emphasis
on high-performance reactors. A number of airborne reactor shield-
ing studies had been carried out and turbojet aircraft engines had
been ground tested with nuclear energy as the heat source; howevef,
an alrplane had never been flown on nuclear power nor had a proto-
type airplane been built. The benefits accruing to the Government
from the ANP program are dependent upon the present and subsequent
use of the facilities constructed and the technology gained. In
summarizing accomplishments, AEC has stated that the ANP program
started at the upper limits of nuclear technology whiéh required
many so-called "break-throughs™ in materials, reactor concepts, in-
strumentation, shielding, and controls and that these circumstances

automatically provided a tremendous acceleration in the advancement

2



of nuclear reactor technology. AEC has enumerated various accom-
plishments of the ANP program (see appendix V) and has concluded
that 1t is not possible now to inventory, realistically, the total
benefits derived from the ANP program. AEC has stated further that
the high-temperature materials and rgdiation shielding information
was undoubtedly of great value to the national space effort and
that the extent to which this information saved time and money and
expedited program efforts in the space and other important programs
would be impossible to calculate.

The ANP program was a technically complex and difficult re-
search and development program carried out in competition with
other programs for national defense. As a result, the importance
attached to the ANP program varied greatly throughout ifs history,
and frequent changes in emphasis and direction of the program oc-
curred. Because the ANP program was carried out over a period of
15 years and involved expenditures in excess of a billion dollars,
our review was generally limited, of necessity, to selected admin-
istrative phases of the program. The scope of our review appears
on page 107.

Although the ANP program has been terminated, we have found
deficiencies in administration and have certain observations which
we are reporting for the information of the Congress and for con-
sideration by executive agencies so that appropriate sﬁeps can be
taken to minimize the possibility of similar situations arising in

future research and development programs.’



The pollcy-making and other interested principal officials in
the Atomic Energy Commission and the Department of Defense are

listed in appendix VI,



SUMMARY OF OBSERVATIONS AND FINDINGS

Our major comments are summarized below. A page reference
is given for a more complete discussion of the subjects, together
with agencles' comments, 1n subsequent sections of this report.

CHANGES TN IMPHASIS AND DIRECTION
OF THE ANP PROGRAM

The ANP program was characterized by frequent changes in em-
phasis and objectives, varying from a research and development pro-
gram to an accelerated program to develop a weapon system for the
Air Force.

The ANP program was carried out in competition with other pro-
grams for national defense. As a result, the importance attached
to the ANP program varied greatly throughout its history. Although
it was outside our scope to examine into the reasonableness of or
Justification for the frequent changes in program objectives, we do
not believe that a research and development effort of the complex-
ity and magnitude of the ANP program can reach its goal in an ef-
fective and efficient manner unless a certain degree of stability
in objectives is accorded to the program. (See pp. 31 to 35.)

LITTLE OR NO USE MADE OF CERTAIN FACILITIES
BECAUSE _QOF PROGRAM REORIENTATIONS

During our review we noted that various major facilities had
been constructed at a total cost of about $17,14%7,000 but were
never used, or used very little, for thelr intended pufposes be-
cause of program reorientations. The two largest facilities were
the Flight Engine Test facility that was constructed at the AEC Na-
tional Reactor Testing Station, Idaho, at a cost of $8,061,000 to
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AEC, and the Radiator Laboratory that was constructed at the Con-
necticut Aircraft Engine Laboratory, Middletown, Connecticut, at
a cost of $6,306,000 to the Air Force. (See pp. 36 to 39.)
FACILITIES DESIGN WORK NOT USED .

Our review of the designs of certain major ANP faclilities
disclosed that costs totaling about @2,953,000 were incurred for
design and related work that were never used. It appears that most
of the costs totaling about $997,000 were unnecessary and could
have been avoided if (1) timely action had been taken to cancel or
to suspend certain projects at the time when the need for them ap-
peared questionable and (2) certain designs for a project had been
initiated only after appropriate studies and tests had been made.
Also, costs of about $780,000 were incurred for desigﬁs, relating
to a flight test base, that were not used because AEC reconsidered
a previous decision and would not permit a flight test base to be
built at the National Reactor Testing Station in Idaho. Most of
the other designs costing about $1,176,000 were unused as a result
of program reorientations. (See pp. 39 to 53.)

REORIENTATION OF ANP PROGRAM NOT FORMALIZED
ON A TIMELY BASIS

We made a review of the documents supporting the implementa-
tion of the reorientation of the ANP program to an experimental de-
velopment program at GE after cancellation of the Weapon System
125-A program in 1956. The reorientation was not fully formalized
on a timely basis, in our opinion, since months of negotiations

were required between the contractor, and the Air Force and AEC



before an agreement on the current work program could be reduced to
writing. We believe that communication between the contractor and

the Government should have been improved to expedite the formaliza-
tion of the current work program\after the reorientatlion. (See

pp. 54 to 57.)

VARIOUS TIUDICATIONS THAT THE DEPARTMENT OF DEFENSE

DID NOT FURNISH SUFIICIENT AND TIMELY GUIDANCE
I'OR_ANP PROGRAM

Our review disclosed various instances where it appeared that
the Department of Defense (DOD) did not furnish sufficient and
timely guidance to those responsible for carrying out the ANP pro-
gram. In one instance, AEC requested DOD for a decision vitally
affecting AEC's participation in the national defense effort, but
over 2 years elaésed before DOD reached a decision. In another in-
stance, DOD did not provide guidance that AEC considered adequate
until almost 8 months after AEC was first requested to reorient the
ANP program. At the time of that reorientation, AEC stated that 1t
would indeed be deplorable if, when AEC developed the next advanced
reactor which could provide sustained nuclear flight, it would
evolve that there was no requirement for this reactor. AEC stated
also that 1t seemed only reasonable that, if AEC was to continue to
support the DOD in the ANP program, specific DOD requirements must
be provided in order -that AEC could establish proper nuclear crite-
ria and parameters. Also, a DOD review group stated iﬁ 1957 that
there was a lack of firm decision and direction in the program and
the Joint Committee on Atomic Energy stated in 1999 that the ANP
program still had no firm set of objectives. (See pp. 58 to 65.)

7



BENEFITS OF UNIFIED ORGANIZATIONAL ARRANGEMENT
NOT FULLY REALIZED

The benefits of the organlizational arrangement for the ANP
program were not fully realized, in our opinion, because the Air
Force and AEC each awarded sepafaﬁé contracts to GE and P&W for
work on the development of the propulsion system. To simplify the
accounting, budgetary, and administrative aspects of the project;
to eliminate the lack of uniformity in contractual provisions; and
to expedite negotliations with the contractors, we believe that, in
future projects of this nature, the feasibility of awarding a sin-
gle contract to each contractor should be consi%ered early in the
program. Furthermore, we belleve that,to strengthen congressional
control, each agency should explore, with the congressional commit-
tée for both agencles, the desirability of having one of the agen-
cies Justify and subsequently fund the entire cost of joint-agency
projects. We reached similar conclusions from our review of the
Large Surface Ship Reactor, AlW land-based prototype project on
which we reported to the Congress on January 10, 1962. (See
pp. 66 to 7h.)



FREQUENT PROGRAM REVIEWS BY TEMPORARY GROUPS
AND DUELAY IN BEOTABLEISHEING PERMANBENT GROUP

Our review disclosed that (1) frequent reviews of the ANP pro-
gram were made by temporary groups, (2) the reviews by these groups
were based on brief visits to thelcontractors' plants and brief-~
ings and discussions 1in Washington, and (3) little continuity in
membership could be found among the review groups. Since these re-
views were intended, generally, to evaluate results accomplished
and to provide advice to top management on direction of effort, it
appears that a permanent review group comprised of appropriate DOD
and AEC representatives with some continuity in membership would
have been more efficient and effective and would have been more in
keeping with the .joint project concept under which the ANP program

was carried out. (See pp. 75 to 79.)

UNNECESSARY COSTS INCURRED BY AINC FOR
CONTINUED PROCHSSING OF YTTRIUM OXIDE

Our review disclosed that AEC incurred unnecessary costs of
about $517,000 by extending for a 7-month period a contract for the
processing of high-purity yttrium oxide in order to keep the pro-
duction capability alive. Placing the production facility in a
standby condition would have accomplished the same purpose, and the
contractor was willing to negotiate to keep the plant in standby
condition. (See pp. 80 to 83.)

LAY IN AGREEING ON'INDEMNITY PROVISION

Of 'THE AEC CONTRACT WITH GE RESUITED IN
A DELAY TN REACTOR _DEVELOPMENT WORK

Our review disclosed that a delay in AEC's and GE's agreeing

on an indemnity provision In the contract may have resulted in



delays in certain significant arcas of rcactor developm:ut and 1in
the inefticient usc of certain contractor personnel, There was a
delay of about 18 monthg in initiating work on critical experi-
ments because, although GE employees had been trained and were pre-
pared to proceed on critical exﬁériments in December 1952, the cx-
veriments were not started until about July 1954. We understand
that such experiments were necessary and should have been carried
out concurrently with the development of the reactor. (See pp. 83
to 86.)

UNECONOMICAL PROCURLMENT AND CONTRACTING PRACTICILS

TN TN CONSIRUCTION OF THE
CONMNECTICUT _ATRCRAFY NUCIEAR BENGINE LABORATORY

Certainuneconomical procurement and contracting practlces were
employed by the Corps of Engineers, United States Army, to écceler-
ate the constrﬁction of the Connecticut Alrcraft Nuclear Engine
Laboratory becuuse the facilities were expected to be needed by the
Alr Force to meet the demands of a weapon system. The Corps of En-
gineers provided for large segments of the work by negotiating sub-
stantial contract modifications~-without competition--with firms
already under contract. We believe that the use of negotiated mod-
ifications or change orders to fixed-price construction contracts
is a customary and economical method for providing for minor
changes to existing plans and specificationg. However, we do not
believe that change'orders are an appropriate or economical method
for providing for major portions of consiructli.n work when the
scope and cost of the modiflcations far exceed the scope and cost

of the basic contract.

24



In one instance, work covered by large negotiated contract
modifications was almost entirely subcontracted and in turn sub-
subcontracted, resulting in a pyramiding of overhead and profit
allowances totaling over $237,000 to the prime contractor and the
subcontractor for work done prinéipally by the sub-subcontractor.
We believe that a substantial portion of such overhead and profilt
allowances were unnecessary and could have been avolded had the
Corps of Engineers (1) obtained competitive proposals from firms
able to provide the required construction services or (2) taken
steps to eliminate use of the tlers involved in the successive sub-
contracting. (See pp. 87 to 95.)

ATR FORCE AND AEC DID NOT REQUIRE

MEANINGFUL COST DATA FROM GE
DURING 3-YEAR PERIOD

The formal monthly reports that the Air Force_and AEC ob-
tain:d from GE during fiscal years 1956, 1957, and 1958 did not
contain meaningful detailed cost data because the costs could not
be related to the various experimental projects being carried out
by GE. As a result, an effective monthly evaluation could not be
made from the formal reports of the costs incurred by GE for major
projects. FPFurthermore, during this period AEC's actual costs
could not be related to the estimated costs because they were not
reported on a compa?able basis. Although the projects were re-
viewed in detail every 6 months under AEC's normal procedures, we
believe that more meaningful detail cost data should have been re-
quired from GE in the formal monthly reports during fiscal years
1956, 1957, and 1958. During fiscal years 1959 and 1960, action

was taken to correct these deflciencies. (See pp. 96 to 98.)



OTHER DEFICIENCIES NOTED DURING
OUR REVIEW OF GE_AND P&W

Cur review of the activities of GE disclosed certain ineffi-
ciencies in property management and a need for improvement in the
internal audits performed by the- Alr Force and AEC, Our review
showed also that unallowable costs were charged to the AEC and Ailr
Force contracts. (See pp. 98 to 102.)

Our review of the activities of P&W disclosed that the finan-~
cial and quantity controls over materlals and supplies inventories
were generally weak. Our review showed also a lack of formal ac-
counting records to support the financial reports prepared by P&W.
(See pp. 103 to 106.)

Similar deficiencies had been found and commented on in AEC
internal audit reports; however, corrective action had not been
taken at the time of our review. During our review we discussed
the deficiencies with appropriate AEC, Air Force, and contractor
officials. They generally agreed with ocur findings. After our
discussions with these officials, we noted that many of the defi-

cilencles were belng corrected or plans had been made to take cor-

rective action.
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BACKGROUND INFORMATION

GENERAL

The basic reason for pursuing the ANP program was to provide s
new approach to the propulsion of manned aircraft by the use of nu-
clear fission as the power source;‘thereby overcoming the range and
endurance limitations of chemically powered aircraft. The ultimate
objective of the ANP program appeared to be the development of a
militarily useful aircraft that could be used for reconnaissance
and strategic purposes.

The manned nuclear-powered airplane program and the Air Force
ballistic missile program started about the same time (1946), and
both programs proceeded during a time when great advancements were
being made in the improvement of chemically powered aircraft. As a
consequence, the importance attached to the ANP program for future
national defense varied greatly, with the result that frequent
changes in emphasis and direction of the program occurred.

The major components of a nuclear-powered airplane are the
propulsion systeml and the airframe. Five major contractors worked
in the ANP program. The major contractors for the propulsion syc-
tem were the Aircraft Nuclear Propulsion Department of the General

Electric Company (GE), Evendale, Ohio, and the Pratt & Whitney

1A propulsion system is referred to as a power plant before the
unit is geared to a specific airplane. A power plant is an unre-
fined propulsion system containing the same major components but
may not contain certain auxiliary parts, such as controls and in-
strumentation. A power plant is assembled for test purposes only.

13



Aircraft Division of the United Aircraft Corporation (P&W),
Middletown, Connecticut. The major contractors for the airframe
were the Convair Division of General Dynamics Corporation, Fort
Worth, Texas, and the Georgla Division of Lockheed Alrcraft Corpo-
ration, Dawsonville, Georgia. The Union Carbide Nuclear Coumpany,
operator of the Oak Ridge National Laboratory (ORNL), Oak Ridge,
Tennessee, was the major contractor in the general support area for
the ANP progran. |
AEC financed the nuciear portion of the propulsion system,

consisting of the reactor and the related shieldingj; the Air Force
financed the nonnuclear portion of the propulslon system, consist-
ing of the turbomachirnery and other components. The Alr Force fi-
wanced also the work relating to the airframe. The Navy was a mi-
or participant in the ANP program, financing various studies with
%, P&W, and other airframe contractors. Following is a summary of

1 total costs incurred on the ANP program to June 30, 1961,

Alr

-3
o
g
~

Foree AEC Havy
(in willions)
Operating costs:
Propulsion system:
Direct cycle 3 468.0 $219.7 $o46.7 % 1.6
Indirect eycle 209.1 _35.9 171.% 1.8
Total 677.1 255.6 418.1 3.h
Airframe 102.1 964 - 5.7
General support 60.4 _29.8 25.9 L9
Total _.839.6 381.8 443.8 14,0
Facilitles and equipment: .
Propulslon systems .
Dipect eycle 94,8 Lok 52.4 -
Indirect nycle 71.3 _62.6 6.7
Total 166.1 105.0 61.1 -
Lirframe 20.9 20,9 -
General support 13.7 11.0 .7 -
Total 200, 136.9 63.8 -
Total costs $L,0%0843 §318.2 $307.6 $14,2
Sumssry: .
Propulsion system & 843,2 £360.6 2479.2 g 3,b
Airf{rama 123.0 11‘7.2 - 5.7
General support Zhel o, 284 b
Total custs ShaiRed §748.7 §5u2.8 31k
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FEASIBILITY STUDIES

Work relating to a manned nuclear-propelled alrplane was ini-
tiated in May 1946, when the Air Force awarded letter contract
W-33-038ac~-14801 (16250) to the Fairchild Engine and Airplane Cor-
poration (Fairchild). The letter contract was converted into a de-
finitive contract in May 1948. The contract provided for a feasi-
bility investigation and research leading toward the adoption of
nuclear energy as a means of propelling aircraft of tactical util-
ity. The work under this contract was known as the Nuclear Energy
for the Propulsion of Aircraft (NEPA) project.

The Air Force did not make the actual selection of Fairchild
to conduct the NEPA project. During the months immediately follow-
ing the end of World War II, the Air Force decided to sponsor a
single unified project in the aircraft nuclear propulsion field,
under the management of bne industrial company with which all the
companies in the recognized aircraft engine industry would be in-
vited to participate in the project. At the request of the Air
Force, a group of interested aircraft engine companies selected
Fairchild to be the manager of the project and the recipient of an
Air Force contract. Ten other companies participated as member
companies in the NEPA project by assigning personnel and by partic-
ipating as subcontractors.

In November 1950, AEC awarded to Fairchild a letfer contract
providing for work relating to the nuclear aspects of the NEPA
project. Soon thereafter AEC and the Alr Force decided to termi-

nate the NEPA project. For several months work had been done under
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the AEC letter contracts; however, arrangements were made whereby
the Air Force reimbursed Fairchild for AEC costs. The Air Force
contract with Fairchild was terminated in April 1951.

AEC had initiated work at the Oak Ridge National Laboratory,
Oak Ridge, Tennessee, in the fall of 1949 in support of the Air
Force work under the NEPA project. The ANP work at the laboratory
was done under AEC contract W-7405-ENG-26 with the Union Carbide

Nuclear Company for the operation of the Laboratory.
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Aircraft Division of the United Aircraft Corporation (P&W),
Middletown, Connectlicut. The major contractors for the alrframe
were the Convair Division of General Dynamics Corporation, TFort
Worth, Texas, and the Georgia Division of Lockheed Aircraft Corpo-
ration,; Dawsonville, Georgia. The Union Carbide Nuclear Company,
operator of the Oak Ridge National Laboratory (ORNL), Oak Ridge,
Tennessee, was the major contractor in the general support area for
the ANP program. |

AEC financed the nuclear portion of the propulsion system,
consisting of the reactor and the related shieldings; the Air Force
financed the nonnuclear portion of the propulsion system, consist-
ing of the turbomachinery and other components. The Air Force fi-
nanced also the work relating to the airframe. The Navy was a mi-
nor participant in the ANP program, financing various studies with
GE, P&W, and other airframe contractors. Following is a summary of

the total costs incurred on the ANP program to June 30, 1961.

Total Force AEC NHavy
(in millions)
Operating costs:

Propulsion system:
Direct cycle $ Lé8.o $219.7 $246.7 3 1.6
Indirect nyecle 209.1 35.9 1714 1.8
Total 677.1 255.6 418.1 3.h
Airframe 102.1 96.14 - Z 7
General support 60.4 23.8 25.7 nl
Total 839.6 i81.8 443.8 4.0

Facilities and equipment:
Propulsion system:

Direct cycle 94.8 42,L4 52.4 -
Indirect cycle 71.3 62.6 5.7 -
Total 166.1 105.0 61.1 -
Airframe 20.9 20.9 - -
Ga2neral support 13.7 1.0 7
Total 200, 126.9 63.8 -
Total costs $L,040.3 $918.7 $5937.6 $1b.9
Sumsary:
Propulsion system $ SLi.2 8360.6 3479.2 $ 3L
Alrframa 123.0 117.3 - Eﬂ?
General support ) ho.8 28,4 R
Total couts §1.04Q.1 gui8.2 $507.8 3.9



PROPULSTON SYSTEM

There were two major approaches for developing an aircraft nu-
clear propulsion system, the direct cycle of GE and the indirect
cycle of P&W. In the direct cycle, alr enters through the compres-
sor, is forced into the reactor, and 1s heated by the fuel ele-
ments. After passing through the turbine, where energy is ex-
tracted to drive the compressor, thé heated alr 1s expelled at high
velocity through the exhaust nozzle. In the indirect cycle, the
heat generated in the reactor is absorbed by a liquld-metal coolant
flowing through the reactor core. The liquid-metal coolant then
flows through an intermediate heat exchanger where the heat is
transferred to a secondary loop. The hot liquld-metal is then
pumped to the jet engine. The jet engine contains radiators, where
the heat is given up by the liquid-metal and imparted to the air-
stream flowing through the engine. Thus, the air is heated d4i-
rectly by the reactor in the direct cycle as contrasted with being
heated indirectly by the reactor in the indirect cycle. (See ap-
pendixes III and IV.)

Direct cycle propulsion system

The research and development actlvities for the direct cycle
propulsion system were carried out by the Aircraft Nuclear Propul-
sion Department (ANPD) of GE in Evendale, Ohlo. Work on the en-
gines was done under an intercompany arrangement wlth the GE owned
and operated Flight Propulsion Division, also at Evendale. The re-

search and development effort at Evendale was supported by testing
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activitlies at the Idaho Test Station, an AEC facllity operated by
GE-ANPD within the AEC National Reactor Testing Station (NRTS) in
Idaho.

The Air Force awarded CPFF letter contract AF 33(038)-21102 to
GE in March 1951, for certain work relating to a nuclear propulsion
system which was not specifically a part of the nuclear reactor.
The letter contract was superseded by a definitive contract in May
1954, The definitive contract remained in effect until October
1958 when the Air Force awarded GE another definitive contract,

AF 33(600)~-38062, which remained in effect until the termination of
the ANP program.

Negotiations between AEC and GE leading toward a definitive
contract for the reactor portion of the propulslion system began in
March 1951. However, as the negotiations continued it became ap-
parent to AEC that, 1f development work on the propulsion system
was not to be seriously delayed, AEC would have to finance the re-
actor portion of the propulsion system by a letter contract until
agreement could be reached on a definitive contract. In June 1951,
AEC awarded CPFF letter contract AT(11-1)-171 to GE, and the con-
tract was converted into a definitive contract in July 195%. The
definitive contract was extended at various times until the termi-
nation of the ANP program in March 1961.

During a conference concerning the NEPA project in February
1951, AEC and the Air Force agreed that GE would take over the NEPA
project. Although available documents did not contain the Air

Force's justificatlon for the selection of GE, we noted that the

18



AEC based 1ts declsion to select GE on the recommendations of an Ad
Hoc Committee on the ANP program, which conslsted of representa-
tlves of the Alr Force, AEC, Navy, and the Natlonal Advisory Com-
mittee for Aeronautics. The committee considered four strong air-
craft engine development companies. The committee stated that it
believed that, to obtain a successful and useful nuclear propulslon
system, the development and construction of both reactor and engine'
had to be undertaken by an alrcraft engine company familiar with
the ﬁropulsion requirements of aircraft. The committee stated fur-
ther that GE had experience in both types of work as a result of
other Air Force contracts for engines and other AEC contracts for
reactors, and GE's J-53 engine development program sponsored by the
Alr Force was considered by the committee as providing the engine
most readily adaptable to a nuclear propulsion system.

Indirect cyvcle propulsion svatem

Between 1951 and 1957, the research and development activities
for the indirect cycle propulsion system were carried out by P&W at
several locations in Connecticut. In 1957, P&W moved the ANP ac-
tivities to the newly constructed Connecticut Aircraft Nuclear En-
gine Laboratory (CANEL) near Middletown, Connecticut. Between 1954
and 1957, P&W assigned personnel to work directly with the Oak
Ridge National Laboratory on an indirect cycle propulsion system.

In May 1951, the Air Force initiated work on an.indirect cycle
propulsion system by awarding CPFF contract AF 33(038)-27341 to
P&W. The letter contract was converted into a definitive contract

in December 1951 and continued in effect until it was terminated in
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October 1957. P&W did no further research and development work on
the ANP program for the Air Force until it was awarded CPFF defini-
tive contract AF 33(600)-40548 in December 1959, and this contract
was in effect at the termination of the ANP program.

At the time that the Air Force initiated work at P&W, the Air
Force and P&W recognized that AEC support would be necessary and
agreed that at the proper time P&W would request a collateral con-
tract from AEC. P&W requested AEC's support in February 1952, but
AEC and P&W did not agree on a contract until May 1953 when defini-
tive CPFF contract AT(11-1)-229 was awarded.

P&W was selected as the contractor for the indirect cycle pro-
pulsion system because the Air Force wanted to evaluate a propul-
sion system based on a supercritical water reactor, and P&W had
done studies on this type of system as a subcontractor under the
NEPA project. When P&W requested AEC to support the indirect cycle
work, AEC recognized that efficient and economical prosecution of
the difficult type of nuclear propulsion program contemplated could
be best achieved by assigning responsibility for all portions of
the power plant to one contractor. In addition, AEC considered
P&W's previous experience in the NEPA project and regarded P&W as
one of the outstanding aircraft engine manufacturers in the busi-
ness. In December 1959, when awarding P&W the final contract for
the ARP program, the Alr Force considered only P&W beéause it was
the only contractor which had the capability and the proper facili-

tles for performing the necessary research and development work.
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ATRFRAMES

In conjunction with the development of the propulsion system,
a parallel effort was developed within the ANP program for design
and construction of the related airframe. The two major alrframe
contractors in the ANP program were Convalr and Lockheed. Convair's
alrframe design activities were carried out at the Fort Worth,
Texas, plant. Radiation effects were investigated at the Nuclear
Aircraft Research Facility (NARF), one portion of the Texas plant.
Lockheed's activities on airframe design were carried out at the
Lockheed-Georgia Company facility located at Marietta, Georgila.
Radiation effects work was planned for the Georgia Nuclear Labora-
tory (GNL) near Dawsonville, Georgia. The work of these contrac-
tors consisted - -primarily of (1) airframe design studies and sup-
port and guidance to the propulsion system contractors and (2) con-
struction and operation of a radiatlion effects laboratory at each
contractor's plant for the test of aircraft systems and subsystems.
At the termination of the ANP program in March 1961, however,
Lockheed was on a standby basis, while Convalr's activities were
being carried out to the extent necessary to support both the di-
rect and indirect c¢ycle propulsion systems.

Studies leading toward the development of an alrframe were
carried out by several aircraft manufacturers doing work on the
NEPA project; however, since the primary purpose of the NEPA proj-

ect was to work on power plant problems, no attempts were made on

detailed alrframe designs.



The Air Force awarded Convalr (then Consolidated Vultee Alr-
craft Corporation) CPFF letter contract AF 33(038)-21117 in Febru-
ary 1951. The letter contract was converted into a definlitive con-
tract in September 1952. The deflnitive contract provided for work
in connectlion with the GE program covering the construction of
three B-36 type of test airplanes. It provided also for construc-
tion, operation, and testing of low-power reactors with suitable
shields; analysis of flight base requirements; and propulsion and
research studies. Convair, as a subcontréctor under the NEPA proj-
ect, had previously made preliminary studies on the B-36 airplane.

The Air Force awarded Lockheed CPFF letter contract AF 33(038)-
21118 in February 1951. The letter contract was converted into a
definitive contract in August 1951. The contract provided for an
investigation of the tactical feasibility of high-speed, low-
altitude, bombardment type of alrcraft; an investigation of the
problem of navigation, pay load delivery, and flight techniques of
low altitude; and design of a series of ailrframes, utilizing a nu-
clear propulsion system. Lockheed had previously done studles on
nuclear aircraft designs under the NEPA project.

In April 1955 the Air Force awarded ixed~price redeterminable
contracts for studies and investigations for anuclear-powered stra-
teglc bombardment weapon system-~AF 33(600)-30292 toConvair, Af 33-
(600)-30293 to Lockheed, and AF 33-(600)-30291 to Boeing Airplane
Company. These studles and investigations were to be considered

as part of a design competition leading to the award of development

22



contracts for the Weapon System 125-A program. An Alrcraft Nuclear
Propulsion Office officlal stated that, prior to the award of these
contracts, the Alr Force solicited proposals from six alrcraft com-
panles for such studles but that three of the six companies:did not
wish to participate. Boeing was subsequently eliminated from par-
ticipation in the ANP program because it was chosen as- the contrac-
tor for the Weapon System 110-A (chemical bomber) program.

The Alr Force awarded CPFF letter contracts in December 1955--~
AF 33(600)-32054 to Convailr and AF 33(600)-32055 to Lockheed,
These contracts were essentlally a continuation of the contracts
AF 33(038)-21117 and AF 33(038)-21118 and provided for a pairing of
the airframe contractors with the propulsion system contractorg--
Convair and GE were paired, and Lockheed and P&W were palred. The
letter contracfs were converted into definitive contracts,
Convalr’s in April 1956 and Lockheed's in May 1957, and provided
for work on weapon system consisting of aireraft designed for nuclear
cruise, with chemical fuel augmentation permitted for penetration
zone performance. Convair was to continue to utilize the GE nuclear
propulsion system, while Lockheed was to continue to utilize the
P&W nuclear propulsion system. Convalr was also toreview theappli-
cation of the P&W nuclear propulsion system at a reduced level ofef-
fort sufficient only tomaintaln cognizance of that program. Lockheed
was to make similar réviews on the GE nuclear propulsioh system.

In August 1958 the Alr Force awarded contract AF 33(600)-28003
to Convair and contract AF 33(600)-3800% to Lockheed for proposals

for a development program for two alrecraft ubtilizing the direct
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cycle propulsion system. The development alrcraft were to be
prototype vehicles of the proposed Continuously Alrborne Missile-
Launcher and Low-Level Weapon System (CAMAL) requirement. (See

p. 155.) These proposals, constituting a design competition, were
to be considered In the selectionh of one contractor to undertake
the development of the two aircraft. Both contracts were converted
into fixed-price definitive contracts in September 1958.

In March 1959 Convair was selected as winner of the design
competition and was awarded CPFF contract AF.33(600)—38946 effec~
tive March 30, 1959, the contract in effect ét the termination of
the ANP program. The Alr Force did not approve the two alrplane
development programsj; however, Convair>was authorized under con-
tract AF 33(600)-38946 to work with GE on an initial design of a
nuclear-powered bomber prototype. Subsequently, in October 1959,
Convair was authorized to prepare a preliminary design of two sub-
sonic development alrcraft capable of flight testing various nu-
clear power plants of either the direct or indirect cycle. The
aircraft planned was to have the general characteristics of Convair
Model 5% which was associated with the proposed CAMAL program. In
October 1960 Convalr was authorized to work on the NX-2, an air-
plane similar to the Convair Model 54%. The objective of the NX-2
program was to design an alrplane which would be able to demon-
strate the capablllties of a nuclear-propelled system whiech could
be appllicable to migsion employment. The NX-2 airplane design was

to be compatible with elther the direct or indirect cycle nuclear

pover plant.

1



The Ailr Force awarded Lockheed CPFF contract AF 33(600)-38947
in March 1959, as a follow-on contract to contract AF 33(600)-32055
awarded in 1955. Lockheed was to continue limited design work and
to continue to operate the Georgla Nuclear Laboratory for radiation
effects experiments in support of the over-all ANP program. In
April 1960 the Air Force initlated action to place the laboratory
on a standby basis. The Alr Force awarded contract AF 33(600)-
42486 to Lockheed in December 1960, essentially placing the con-
tractor on a standby basis. This contract was 1n effect at the

termination of the ANP program in March 1961.
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GENERAL SUPPORT WORK

Numerous contractors and subcontractors were engaged in gen-
eral support work for the ANP program.

The major organization doing work in the general support area
was the Oak Ridge National Laboratory (ORNL) operated for AEC by
the Union Carbide Nuclear Company. The major fields of effort at
ORNL were in shielding, materials research and development, and in-
vestigations of components of reactors and of other parts of sys-
tems designed for the nuclear propulsion of aircraft.

ORGANIZATION AND MANAGEMENT

The organization and management structure of the ANP program
evolved through various phases after the program started. An Ad
Hoc Steering Committee for NEPA was established early in 1949 to
provide program guidance to the work being done in the aircraft nu-
clear propulsion field. The committee was made up of representa-
tives from the Air Force, Navy, AEC, and the National Advisbry‘Com—
mittee for Aeronauties. In March 1950, AEC reorganized the Divi-
sion of Reactor Development to include the Aircraft Reactors Branch
to formulate and administer programs and policles for AEC's activi-
ties in the aircraft nuclear propulsion field. The Chief of the
Branch also served as Executive Secretary to the Ad Hoc Steering
Committee.

During mid-1952, AEC and the Air Force agreed to center the
management of their respective activities in the ANP program under
a single individual. This agreement culminated during the latter

part of 1952 in the assignment of an Alir Force officer as Chief of
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AEC's Alrcraft Reactors Branch and the establishment of an Office
of Alrcraft Nuclear Propulsion within the Air Force. The officer
was assigned to head both organizations and was also designated
within the Alr Force as the Assistant for Aircraft Nuclear Propul-
sion to: (a) the Commanding General, Alr Research and Development
Command (ARDC) and (b) the Director of Research and Development,
Deputy Chief of Staff, Development, Headquarters, Unlited Stateg Air
Force. With the establishment of the Office of Alrcraft Nuclear
Propulsion, the Ad Hoc Steering Committee was phased out.

The separate AEC and Air Force organizations, with the same
person in charge of both, contlnued until early in 1957 when action
was Initiated to realign the management structure of the ANP pro-
gram to provide for a unified project office. In March 1957, a new
position, Assistant Deputy Chlef of Staff, Development for Nuclear
Systems, was established. The individual who was assigned to this
position continued as Cﬁief of AEC's Alrcraft Reactors Branch
(later designated Assistant Director for Aircraft Reactors) and in
November 1957 the Joint project office, known as the Aircraft Nu-
clear Propulsion 0ffice (ANPO), was established.

From November 1957 until the termination of the ANP program,
the executive management of the ANP program was centered in the
Aircraft Nuclear Propulsion Cffice at AEC Headquarters in German-
town, Maryland. ANPO was an integrated Air Force—AEC-office, and
the person in charge of this office had dual positions. For the
AEC, he served in the capaclty of the Assistant Director for Air-

craft Reactors, Divislon of Reactor Development. His Alr Force
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position was the Assistant Deputy Chlef of Staff for Nuclear Sys-
tems. {See appendix II.) The organizational structure of ANPO was
established as an integrated office in order that, once policy and
program direction were decided at DOD and AEC levels, executive
management could be conducted from one office under the control and
supervision of one person.

ANPO not only was responsible for the manned ANP program (the
subject of this report), but also had responsibilities within the
unmanned ANP programs, comprising the nuclear propulsion of rockets
(Project Roverlt) and ramjets (Project Pluto) and the development of
systems for nuclear auxiliary power (Project Snap). ANPO Headquar-
ters was organized into five branches, three of which furnished
general support to both the manned and unmanned ANP programs. The
Aircraft Projeéts Branch was responsible for formulating current
programs; proposing projected programs; and providing technical and
executive supervision, assessment, and direction of approved pro-
grams of the integrated AEC-DOD manned ANP program. The Missiles
Project Branch carried out similar responsibilities for the un-
manned ANP program.

Technical management of the propulsion systems flowed from
ANPO to AEC's Lockland Aircraft Reactors Operations (LAROCO), lo-
cated near GE, Evendale, Ohio. LAROO was a field extension of ANPO

and was assigned both AEC and Air Force responsibilities. LAROCO

¥
i

lRemoved from the cognizance of ANPO in August 1960 when a joint
AEC-NASA (Mational Aeronautics and Space Administration) Nuclear
Propulsion Offlice was establishal %o carry on the Rover project.
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established an office at P&W (Hartford Alrcraft Reactors Area Of-
fice) and a division (Idaho Test Divlsion) at the AEC Natlonal Re-
actor Testing Station (NRTS) where CE's testing activities were
carried out.

Technical management for the qirframe flowed from the Ailr
Force Air Research and Development Command, Andrews Air Force Base,
Washington, D.C., to the Wright Air Development Division (WADD) of
ARDC at Wright-Patterson Alr Force Base, Dayton, Ohlo, to the WADD
representatives at Lockheed and Convalr. ANPO, however, provided
ARDC with top-level guldance and policy on the ANP program.

Contracting for the ANP program followed separate agency
routes. The AEC contracting was done by LAROO, and the Air Force
contracting was done by the Air Materiel Command (AMC) of the Air
Force. ANPO was responsible for the executlve management and tech-
nical direction of AMC's contracting relating to the propulsion
system, while ARDC had similar responsibilities for AMC's contract-
ing relating to the airframe.

The followlng table shows, as of December 31, 1960, the total
number of Air Force, AEC, and Navy employees of ANPO, excluding 60

gecretaries, clerks, and other employees in similar positions.
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Nurter of employees

Alr Forece ABC Navy
Head of Tech- Adninis- Tech- Adminis- Tech- Adminis-
Onit Total nical trative nical trative nieal trative
AEC Headquarters:
Manned and unmanned ANP pro-
grams:
Office of the Chief Alr Force b 3 - - - 1 -
Plans and Requirements
Branch Alr Force 6 6 - - - - -
Research and Analysis
Branch Alr Force 2 2 - - -
Program Services Branch AEC 8 - 6 - 2
Manned ANP program:
Alrcraft Projects Branch Alr Force 15 1k - - - 1 -
Unmanned ANP programs:
Missiles Praject Branch Air Force _i _6 = _1 - b4 -
Total, Headquarters b6 31 6 _1 2 _6 -
Fleld:
Manned ANP program:
Lockland Aircraft Reactors
Operations Office AEC L - - 1 3 - -
Asslstant Manager far
Techaical Programs Alr Force 3 2 - 1 - - -
Health and Safety Division Navy L - - 3 - 1 -
Engineering Division AEC 11 6 - 5 - - -
Assistant Manager for Test
Operations (ldaho Test
Divisicn) Alr Force L 1 - 1 2 -
Test Division Air Force 5 5 - - - - -
ANP Pacilities Division AEC 2 - 1 1
Hartford Aircraft Reactors
Area Cffice ARC 2 - - 1 1 -
Technical Branch Air Force 7 3 - 3 - 1 -
Administrative Branch ARG 3 - - - 3 - -
Assistant Manager for Ad-
ministration ARC 27 = = - 27 = -
Total, Field _72 17 - 16 36 3 =
Total,; Headquarters
and'Fleld us s g 12 18 2 -
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OBSERVATIONS AND FINDINGS

CHANGES TN EMPHASIS AND DIRRCTION
OF THE ANP PROGRAM

The ANP program was characterized by frequent changes in em-~
phasis and objectives, varying from a research and development pro-
gram to an accelerated program to develop a weapon system for the
Air Force.

The ANP program was carried out in competition with other pro-
grams for national defense. As a result, the importance attached
to the ANP program varied greatly throughout its history. Al-
though it was outside our scope to examine into the reasonableness
of or justification for the frequent changes in program objectives,
we do not btzlieve that a research and development effort of the
complexity and magnitude of the ANP program can reach its goal in
an effective and efficient manner unless a certain degree of sta-
bility in objectives is accorded to the program.

Following is a summary of the major changes in‘program em-

phasis and direction.

Length
Period of time
Program emphasis From To (mon+ths)
Flight demonstration program April 1952 May 1953 13
Applied research and development May 1993 November 1954 18
Weapon System 125-A program November 1954 December 1956 25
Fxperimental development program--
no flight objectives January 1957 March 1957 2
Erxperimental development program--
flight objectives ' April 1957 February 1958 10
Development program--~flight objec-
tive in militarily useful air-
craft March 1958 October 1958 7
Development program for CAMAL mis-
sion Detober 1958 July 1959 =
Research and development program
leading to major reactor experi- ANP termination--
ments July 1959 March 1961 20



The significant events that occurred during the various pe-
riods listed above are~discussed in the history of the Manned Air-
craft Nuclear Propulsion System. {(See appendix I.)

The dates used to ldentify the various periods listed in the
table were the approximate dates when decisions were reached to re-
orient the program. We noted, however, that program réorientations
were not accomplished on a specific date and that many months of
consideration and planning were required between the time of ini-
tial consideration of a program change ar
ented program became fully operative at the contractor level. (See
pp. 54 to 57.) Furthermore, it appears that the changeover of the
contractor's operations was not an immediate transition but rather
a gradual phasing out of the 0ld and phasing in of the new opera-
tion. Therefore, the length of time actually attributable to a
specific program objective could vary from that shown in the table
above,

Pertinent comments by responsible AEC and DOD officials evalu-
ating the frequent changes in emphasis and direction of the ANP
program throughout its history are quoted below.

In a July 1959 letter to the Secretary of Defense, the Chair-
man of AEC stated, in part, that:

"The history of the ANP Program over the past decade

has been marked by program reorientations and changes in

program objectives which have consistently extended the

date when a prototype power plant could be first flown

or otherwise demonstrated. In spite of the cyelic nature

of these program reorientations, consistent progress has
been made on the nuclear elements of the power plant. In
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this regard, we had planned a development program which,
in our best judgment, provided a loglcal, sequential de=-
velopment effort oriented to take maximum advantage of
technological advancements as they appeared.

"During this entire period, the Commission has uti-
lized its General Advisory Committee to assess technolog-
ical progress and provide their best judgement as to the
timeliness and nuclear capabilities of proceeding toward
nuclear flight. In the GAC's most recent review, as re-
ported on 5 May 1959, it was their considered judgement
that we had reached a state of reactor technology where
a direct cycle nuclear propulsion system (XMA-1A) could
be built to fly an experimental aircraft. They further
concluded that reactor materials technology in both fuel
elements and moderators had reached a state of develop-
ment where they could subsequently be interzrated in the
basic propulsion system and provide for increased air-
craft performance and growth potential.”

In July 1959, the Director, Defense Research and Engineering
(DDR&E) stated, in part, that:

"It is our view that during most of the past
13 years and the expenditure of most of the £900 million,
the ANP program has been characterized by attempts to
find short cuts to early flight and by brute force and
expensive approaches to the problem. Thus we find that
only a relatively very small fraction of the funds and
energies applied to this program has gone inte trying to
develop a reactor with a potentially high performance.
Yost of the resources have been applied to attempts to
develop materials which could 'fly soonest'; to develop
turbine machinery; to build facilities, many of which
would only be needed In support of a flight program; to
conduct experiments on the radiation resistance of tires,
oils, insulation, electronic components, etc; and to de-
velop new components for use in the unique environment
which would be encountered only in the divided-shield
situation as found in CAMAL and the old WS-125A. As a
result of this approach to the problem we are still at
least four years away from achieving flight with a-
reactor-engine combination **% which can just barely fly."
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The competitive position of ANP for priority within the na-
tional defense program was aptly summarized in a reportl of the

Joint Committee on Atomic Energy, as follows:

"7t is to be noted that the period since 1946 has been
one of major transition in the Nation's military require-
ments. The period also has been one of swift technologl-
cal change, characterized by the emergence of ballistic
missile systems capable of both strategic and tactical
employment. These considerations have Imposed upon mili-
tary planners the difficult and fluctuating burden of al-
locating available funds between costly commitments for
wide range military power in being able to meet the
crises of the day and research and development programs
to meet the crises of the future. Accordingly, the ANP
program has, from time to time, shifted position in the
competition for priority."

We do not believe that the effects that frequent changes in
program emphasis had on the ANP program are subject to a precisge
determination. We noted, however, that because of program reorien-
tations little or no use was made of certain facilities (see pp. 36
to 39) and certain facilities design work (see pp. 39 to 53).

By memorandum dated September 12, 1962, the Deputy for Devel-
opment, Research and Development, Air Force, in commenting on this
observation, stated:

"The observations that a large complex program can-

not achieve its goal in an effective and efficient man-

ner unless a certain degree of stability in objectives

is maintained is unassailable. The problem with ANP was

that the ultimate goal shifted in response to a balancing

of periodic estimates of achievable technology against

evaluations of Air Force operational requirements. As a
consequence, the timing of ground test and flight test

1Report of the Joint Committee on Atomic Energy, entitled "Aircraft

Nuclear Propulsion Program," 86th Congress, 1lst session, Joint Com-
mittee Print, dated September 1959,
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objectives also shifted. Obviously, such changes in em-
phasis and direction of the ANP program were considered
appropriate and mandatory by the program management."

By letter dated October 3, 1962, the Deputy Secretary of De-

fense, in commenting on this observation, stated:

"We agree that the program suffered considerably
from lack of prompt decisions and from frequent changes
in emphasis and goals. It is for the purpose of mini-
mizing the impact of such conditions in the future that
we have Instituted many new management procedures in the

Department of Defense.™
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LITTLE OR NO USE MADE OF CERTAIN FACILITIES
BECAUSE OF PROGRAM REORIENTATIONS

During our review we noted that various major facilities had
been constructed but were never used, or used very little, for
thelr intended purposes because of program reorientations. These

facilities, costing about $17,147,000, are listed below.

Location and facility Cost
National Reactor Testing Station,
Idaho:
Flight Engine Test Facility $ 8,061,000

Connecticut Aircraft Nuclear Engine
Laboratory, Middletown, Connecticut:

Radiator Laboratory 6,306,000
Air Laboratory 1,428,000
Georgla Nuclear Laboratory, Dawsonville,
Georgia:
Shield Development Reactor 952,000
Roads and bridges 400,000
Total cost $17,147,000

The Flight Engine Test (FET) facility was constructed at the
ARC National Reactor Testing Station, Idaho, at a cost of about
58,061,000 to AEC. The FET facility was to be used for testing a
nuclear power plant, both on the ground and in a prototype or
flight test-bed alrcraft, and was to provide auxiliary and emer-
gency flight operations facilities. Construction started in Sep-
tember 1957 and was essentially completed by July 1959. The facil-
ity includes a hangar-type building, a control and equipment build-~
ing, and supporting utilities. As of October 1962, thé FET facil-
ity had not been used, except incldentally for storage. AEC offi-
cials advised us that the FET facility had been assigned for use in
the SNAP-50 program to house the Lithium-Cooled Reactor Experiment

36



and supporting equipment and facllities and that work to modify the
FET facility would start about December 1962.

The Radiator Laboratory was constructed at the Connecticut
Aircraft Nuclear Laboratory (CANEL), Middletown, Connecticut, at a
cost of about 6,306,000 to the Air Force. Construction was ini-
tiated about January 1957. This facility was completed as a shell
only and was not finished because of the Air Force termination of
its research and development work in August 1997. The Radiator Lab-
oratory was designed to test full-scale liquid-metal-to-air radia-
tors under a large range of simulated flight conditions. A small part
of the laboratory was used for extraneous testing under the ANP
program. As of October 1962, the Radiator Laboratory was not being
used. AEC advised us that a liquid metal loop corrosion test was
completed in August 1962 in the Laboratory and that since then no
further use had been made of the facility. No definite plans had
been made for the future use of the Laboratory.

An Air Laboratory was constructed at CANEL at a cost of about
31,428,000 to the Air Force. Construction started in July 1956 and
was completed in October 1958. The facility was used on a limited
basis in December 1960. The first extended use of the facility be-
gan in March 1961, the same month the ANP program was terminated.
As of October 1962, the Air Laboratory was not being used. P&W ad-
vised us that it intended to use this facility for rﬁnning vacuum
tests under the SNAP-50 program and that certain modifications

would be necessary.
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Lockheed 1ssued a purchase order in November 1956 for a Shice

Development Reactor (SDR) for use at the Georgia Nuclear Laborato

back in January 1957, work on the SDR continued, except for work
external components that was canceled in March 1957. Work on the
remaining SDR parts was essentially completed. The total cost of
the reactor to the Air Force was about $952,000. As of October
1962, the SDR had not been used as a unit. Although it had been
used as a source of spare parts for another reactor, such use ap-
peared to be inconsequential.

FPrior to the cutback of activities at GNL in January 1957, a
_ shield development facility was planned for construction at a loca-
tion isolated from the other facilities. When the cutback cccurred,
construction of the shield development facility had not started and
was canceled, but two bridges and a road (5.9 miles) leading to the
facility were under construction. When the facility was canceled,
the bridges and roads were abandoned, except for forest fire pro-
tection and ground inspection. The unfinished road and bridges
cost the Air Force about $4+00,000. As of October 1962, no further
use had been made of the road and bridges.

Because of program reorientations and ultimate program fermi-
nation, costs of about $17,147,000 were incurred for the construc-
tion of various facilities for which no productive return has been
realized to date.

By memorandum dated September 12, 1962, the Deputy for Devel-
opment, Reasearch & Development Air Force, in commenting on this

observation, stated:
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"The GAO report discusses in great detail the con-
struction of various facilities which, due to program
reorientations and ultimately to program terminatlon,
remain largely unused today. We concur in the conclu-
sion that the construction of these faciliiies repre-
sents an expenditure of Government funds from which no

productive return has been realized to date.

It should

be noted, however, that these facilities were deemed es-
sential to the success of the ANP program at a time when
the success of the ANP program was deemed essential to
the national defense. In spite of numerous program re-
orientations, the facilities remained an essential part

of the ANP program. They became temporarily useless
only when the program itself was terminated.

The report

contains no criticism of Air Force action with respect
to their construction, and we therefore, assume that the
GAO discussion intends no such criticism.”

FACITLITIES DESIGN WORK NOT USED

Qur review of the designs of certain major ANP facilitles dis-

closed that costs totaling about $2,953,000 were incurred for de-

sign and related work that were never used.
used work follows:

T.ocation and facility

National Reactor Testing Station, Idaho:
Ground test facilities:
Indirect cycle propulsion systenm
Initial Engine Test filter system
Flight Engine Test exhaust system

Others
Flight test facilities:
Flight test base
Georgia Nuclear Laboratory, Dawsonville,
Georgia

Total costs for unused designs

A summary of the un-

$885,000
40,000

72,000

Cost
$ 997,000
889,000
780,000
287,000
$2 000

It appears that most of those costs totaling about $997,000

were unnecessary and could have been avoided if (1) timely action

had been taken by AEC to cancel or to suspend certaln projects at

the time when the need for them appeared questionable and
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(2) certain designs for a project had been initiated after appro-
priate studies and tests had been made.

Most of the designs relating to the ground test facllitieg-~
others ($889,000), and the designs on the Georgla Nuclear Labora-
tory ($287,000) were unused as a result, primarily, of program re-
orilentations. Costs of about $780,000 were incurred also for
flight test base designs that were not used because AEC reconsid-
ered a previous decision and would not permit a flight test base

to be bullt at the National Reactor Testing Station.
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Timely action not taken to cancel or suspend
certain projects at the time when the need
for them appeared questionable

AEC did not take timely actlon to cancel or to suspend certain
design and related work at a time when a need for the facilities
appeared questionable. The unused designs related to the ground
test facilities for the indirect cycle propulsion system ($885,000)
and the Initial Engine Test facility filter system ($40,000).

Ground test facilities for
indirect cyvcle propulsion system

The design and related work for the ground test facilities for
the indirect cycle propulsion system were continued during a time
when the need for the facilities appeared questionable because sig-
nificant changes-were being made in the work on the indirect cycle
propulsion syséem, technical progress did not appear encouraging,
and the future course of the ANP program had not been defined. We
believe that prompt termination or suspension of work at the time
the Weapon System 125-A program (see p. 140) was canceled could
have avoided most of the $885,000 costs incurred for unused designs
and related work.

The Weapon System 125-A program was canceled in December 1956.
During the time that design and related work continued (January to
July 1957) the future course of the entire ANP program had not been
defined. Long-term objectives for the program were lacking. (The
importance of long-term objectives was recognized by a subcommittee
of the Joint Committee on Atomic Energy in February 1957.) (See
p. 143.)
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Three DOD ad hoc groups reviewed the program early in 1957,
and by June 1957 all had concluded that significant changes should
be made in the program direction. One of the groups stated that

its investigation had shown lack of firm decision and direction in
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magnitude that it appeared most unwise to plan on the avallability
of a supersonic strategic system by any specific date.

The ground test facilities for the indirect cycle propulsion
system were to include reactor power test, power plant test, tech-
nical, and administrative and service facllities. During October
1956, P&W awarded a purchase order for the development of specifi-
cations and procedures for eguipment to be used in the facilities.
In November 1956, AEC awarded a contract for the architect-
engineering sérvices and P&W awarded a contract for engineering
studies on the reactor power test and power plant test facilities.
Preliminary design work on the reactor power test, technical, and
administrative and service facilities was started in November 1956.
Although AEC in January 1957 canceled the part of the architect-
engineering contract covering the definitive design work and the
supervision and inspection of construction, the preliminary design
work underway at that time was continued and completed by July
1957. Also, preliminary design of the power plant test facility
was started in May 1?57 and terminated in July 1957. The purchase
order relating to equipment was not terminated until July 1957, and
the engineering studies were completed in April 1957. The cost of
the design and related work for the ground test facilities for the

indirect cycle propulsion system was about $885,000. 59



In addition, the future course of the entire ANP program had
not been defined, significant changes were made in the work at P&W,
and technical progress did not appear encouraging. P&W experienced
serious technical difficulties with the single reactor concept, and
in mid-1956 terminated the work and shifted to the twin reactor
concept. During the latter part of 1956, the twin reactor concept
proved unsatisfactory and work on that concept was terminated in
the beginning of 1957, and P&W reverted to the single reactor con-
cept. In addition, consideration was being given to whether the
work at P&W on both the circulating-fuel reactor and the solid-fuel
reactor should be continued. In June 1957, P&W recommended that,
if funding limitations dictated that one of the programs be elimi-
nated, no further support be given to the circulating-fuel reactor.
In October 1957, AEC canceled work on the circulating-fuel reactor.
Between August and October 1957 the Air Force withdrew from ANP ac-
tivities at P&W. (See pp. 146 to 147.)

By letter dated November 9, 1962, the AEC General Manager, in
commenting on this matter, stated:

"k¥% Concerning the Ground Test Facility, the report

concludes that the design work for this facility should

have been cancelled because Weapon System 125a was can-

celled. Actually, this cancellation did not change the

requirement for the Ground Testing of the reactor-engine

propulsion system. In fact, with the cancellation of

Weapon System 125a, the Ground Testing of the reactor-

engine propulsion system became the prime effort of the

program. This is borne out on page 145 [now p. 140] of

your report where you quote the Assistant Secretary of

De?ense, Research and Development, as stating: !'the

principal effort of the program for the next several

yvears should be directed to develop and prove the reactor-
engine propulsion system.'"
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Upon reexamining the comments of the Assistant Secretary of
Defense referred to above and documents relating to the post Weapon
System 125-A period, we still believe that the design work on the
ground test facilities for the indirect cycle propulsion system
should have been canceled or suspended at the time when the Weapon
System 125-A program was canceled.

Early in 1957 the work on the indirect cycle was reoriented

toward developing, on a delayed time schedule, an aircraft reactor

of higher performance than could be achieved by "across-the-board"
application of Aircraft Reactor Test technology. (See p. 1h42.)

The uncertainty concerning the timing of the work on the facilities
under discussion can be illustrated by further quoting the Assist-
ant Secretary of Defense.

faxk Tt is presently felt that the Pratt & Whitney
program is at least one year behind General Electrie. It
may be unreasonable, therefore, to push this program with
the intention of making it achieve a capability in the
same time period as the General Electric.

"I am asking a group of civilian technical consult-
ants to examine for me the Pratt & Whitney development to
determine the optimum rate at which this development
should be pursued. This group of consultants will pro-
vide data as to the relative chances of success between
the liquid-fuel reactor and the direct air cycle. Consid-
eration will also be given to placing more emphasis on
the solid-fuel reactor. If the latter is found desirable,
it should be pursued at the proper rate by Pratt & Whitney
rather than by the introduction of another company into
the program., The Pratt & Whitney effort should be based
on the CANEL facilities with only those facilities at
NRTS, Arco, necessary for health and safety. This group
will be expected to continuously examine the progress of
the program over the next several years.”

Furthermore, when the objectives of the ANP program were more

clearly enunclated in April 1957 (see p. 144), the Alr Force stated

44



that the ground test of a prototype indirect cycle propulsion was

tentatively estimated for 1963 or 196L,

Because the time schedules for the testing of the indirect cy-
cle propulsion system were uncertain and because the design of re-
search and development facilities should have been scheduled to
dovetail as closely as possible into their construction and use so
as to take advantage of the latest research and development re-
quirements, we believe that the design of the facilities could have
been canceled or suspended at the time that the high-priority
Weapon System 125-A program was canceled.

Initial Engine Test facility filter system

The derlinitive design work on the filter system for the Ini-
tial Engine Test (IET) facility, costing about $40,000, could have
been canceled or suspended shortly after initiation.

The IET facility was used for testing reactors and engines at
various power levels, and its major components included a test
building, a control and equipment building, and associated facili-
ties and appurtenances.

Definitive design of the filter system was started on June 11,
1956, and 1 week later GE advised AEC that there was a high degree
of uncertainty that the filter chosen would be satisfactory and
recommended that all filter work on the IET facility be stopped and
that a research program be initiated to determine thréugh actual
test the most effective type of filter system. On August 8, 1956,
AEC decided to terminate work on the filter system. However, de-

finitive design work had already been completed on August 3, 1956,
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at a cost of about $+0,000. It appears, therefore, that most of
the definitive design cost could have been avoided if the work ha
been canceled or suspended promptly when the using contractor (GE

made 1ts recommendation.
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Changes and redesign of Flight Engine Test
exhaust system resulted because
appropriate studles and tests were not made

ARG incurred costs of about $72,000 for design work on the
Flight Engine Test exhaust system that was not used, primarily be-
cause design work was initiated before appropriate studies and
tests had been made.

The FET facility was to be used for testing a nuclear power
plant, both on the ground and in a prototype or flight test-bed
aireraft, and for testing means of mating power plants with air-
craft and was to provide auxiliary and emergency flight operations
facilities. The facility includes a hangarlike buillding, an adja-
cent underground control room, and an exhaust duct and stack sys-
tem.

The first preliminary design for the exhaust system, costing
about $27,000, was included as part of the basic FET facility pre-
liminary design and provided for a filter design for the exhaust
system based on the filter designed for the Initial Engine Test fa-
cility. Shortly before the architect-engineer completed the pre-
liminary design of the FET facility, GE recommended to AEC, on
June 18, 1956, that all filter work on the Initial Engine Test fa-
cility be stopped. (See p. 45.)

Using criteria prepared by GE in February 1957, the architect-
engineer completed the second preliminary design and the first de-
finitive design in mid-1957 at a cost of about $45,000. Between
July 1957 and August 1958, actual test and study revealed that some

of the calculations on engine data were incorrect and that part of
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the exhaust system could be constructed of less expensive mate-
rials. As a result, a study costing about $12,000 was made by the
archltect-engineer during the period August through October 1958.
The study showed that a complete redesign of the exhaust system was
necessary. The redesign was completed in February 1959 at an addi-
tional cost of about $45,000. |

AEC therefore incurred total costs of about $72,000 for design
work initiated before sufficient studles and tests had been per-
formed.

Other ground test facilitles designs

Most of the designs relating to the other ground test facil-
ities at NRTS ($889,000) were unused as a result, primarily, of
program reorientations. These unused designs were for the facil-

ities listed below.

Propulsion System Test facllity $315,000
Shield Test facility 166,000
Flight Engine Test facility 164000
Tnitial Engine Test facility 157,000
Radicactive Core Service Area 53,000
Low Power Test facility 34,000

$889,000

AEC reconsidered the use of NRTS as flight test base
after the Alr Force expended substantlal funds
for plans, studies, and designs

After the Alr Force spent about $780,000 for plans, studies,
and designs relating'to the flight test facilitiles, AEC reconsid-
ered its previous decision and stated that NRTS could not be used

for a flight test base. As a result, the work done by the Air

Force was not used.
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AEC approved the use of a part of NRTS by the Alr Force as a
flight test base In May 1952 and the following month informed the
Air Force that plans for the construction of the ground test fa-
cilities at NRTS were proceeding under the assumption that they
would later be integrated with the flight test facilities. AEC
stated that with regard to the possibility of integrating the
ground and flight test facilities there appeared to be many advan-
tages and potential economies that would accrue to the ANP program
by this move. AEC agreed in 1953 to act as construction agency for
the Air Force's ANP facilities at NRTS.

The Air Force devoted a considerable amount of effort to plan-
ning the flight test facilities at NRTS. Under an Air Force con-
tract, dated November 26, 1951, a contractor prepared a site study,
a preliminary cost study, and four master plans for a flight test
base. The total cost of the work under the contract was about
$318,000., The site study consisted of an analysis comparing the
sulitability of the Edwards Air Force Base in California with that
of NRTS. The site survey, completed in January 1952, recommended
that NRTS be selected for the location of the flight test base.

The four master plans were completed, one each in June 1952, Decem-
ber 1952, February 1953, and June 1953.

Convair, under a research and development contract with the
Air Force, completed flight facility studies applicable-to NRTS in
July 1952 and in March 1953. In addition to the four master plans
mentioned previously, a fifth master plan was initiated under an

Air Force contract in October 1955. The plan was not completed,
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and the contract was terminated shortly after the Weapon System
125-A program was canceled.

The initial project planned by the Air Force at NRTS was the
flight test runway. AEC entered into a contract in February 1956
for the design of the flight test runway and related facilities.
The design work, essentially completed by August 1956, cost about
$L62,000.

Construction contracts were not awarded. The flight objec-
tives for the ANP program were canceled in December 1956, and the
ANP program was reoriented without flight objectives. Subsequent
reorientations of the ANP program in April 1957 and March 1958 pro-
vided for flight objectives, but contruction of the facilities was
not started.

In April 1957 a DOD Ad Hoc Study Group recommended to the As-
sistant Secretary of Defense, Research and Engineering, that the
ANP test runway should not be constructed at NRTS. (See pp. 1k
to 146.) The Military Liaison Committee (MLC) stated in a letter
to AEC in July 1957 that, although the Air Force was unable to
fully assess the extent of the radiation hazards mentioned in the
review group report, the Air Force believed that limited flight
testing under rigid controls could be accomplished at NRTS without
unwarranted risk to the public. The MLC stated also that a deci-
sion to locate these facilities at a site other than NRTS would ne-
cessitate further studies, would entail appreciable additional ex-
penditures of funds, and would probably delay the date when initial

nuclear flight testing could be contemplated. A request was made
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by MLC as to AEC's positlion concerning the location of a runway at
NRTS for testing of ANP aireraft. In September 1957, AEC informed
MLC that a study was underway to assess the degree of radlological
risk likely to be involved in the program and that, when the re-
sults of the study became available and were reviewed, AEC would
advise the MLC of its position in the matter. The Ad Hoc Commit-
tee on ANP Hazards, appointed by the Deputy Secretary of Defense,
reported in December 1957 that a coastal or island base was consid-
ered necessary for flight testing. (See p. 148.) DOD and AEC
agreed in February 1958 to await the results of more complete
studies of possible base locations, costs, etc., before arriving at
a definite declsion about experimental ANP flights.

In December'1958 the AEC Commissioners reached a unanimous de-
cision that neither the AEC National Reactor Testing Station nor
any other AEC installation was to be used for an ANP flight test
site. In accordance with the request of the AEC Chairman in Janu-
ary 1959, an analysis was completed in April 1959 of Air Force ac-
cident rate experience for flight-testing experimental aircraft. An
accldent-probability scale for the proposed ANP aircraft was pre-
pared on the basis of this analysis. The Director of Defense Re-
search and Engineering, DOD, was advised of the December 1958 de-
cision in September’l959, about 26 months after the initial re-
quest for a declsion was made by MLC. It appears that the delay
was due primarily, if not entirely, to the guestion of radiologi-

cal hazards associated with flight testing.
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By letter dated November 9, 1962, the AEC General Manager in
commenting on this matter stated:

"Regarding the use of NRTS as a flight test base,
this was initially considered to be deslrable because 1ts
remote location minimized the radiation hazards in the
event of a crash, and because of the potentlal economies
of combining ground and flight test facllities at one lo-
cation. As additional knowledge was acquired regarding
the potential hazards that might result from the crash of
a nuclear propelled ailrcraft, both the AEC and DOD con-
sidered it necessary to reassess the situation. ©Specilal
studies were therefore conducted which considered the ra-
diologlcal risks involved and the economics and feasibll-
ity of locating a flight test base elsewhere. The deci-
sion not to use NRTS for the flight test base gave due
regard to prior Government expenditures, but it was de-
termined that these were more than outweighed by the po-
tential risks involved."

Unused designs for the Georgila Nuclear Laboratory

The Air Force awarded a contract in December 1955 to Lockheed,
providing for the design and engineering of facilities to support
the development of the Weapon System 125-A program. Construction
of the facilities, known as the Georgla Nuclear Laboratory, Ailr
Force Plant No. 67, started in August 1956. The Weapon System
125-A program was canceled in December 1956, and the Air Force ad-
vised Lockheed in January 1957 that its participation in the ANP
program was to be immediately reduced. In February 1957 available
construction funds were reduced from about $28.7 million to about
$13.6 million.

The architect-engineering firm had completed cerpain design
work on the facilities, but the facilitles were not constructed
due to a reduction in construction funds. The architect-

engineering firm recelved about $287,000 for design work which was
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not used because of the cancellation of the Weapon System 125-A
program,

In summary, we belleve that the unused designs for the ANP fa-
cilities at NRTS 1llustrate the uncertainty surrounding the ANP
progran and the desirability of taking timely action fo cancel or
to suspend certain projects at the time when the need for them ap-
pears questionable. We believe, also, that appropriate studles and
tests should have been made before designs for the FET facility

were initiated.



REQRIENTATION OF ANP PROGRAM NOT FORMALIZED
ON A TIMBELY BASIS

We made a review of the documents supporting the lmplementa-
tion of the reorientation of the ANP program to an experimental de-
velopment program at GE after cancellation of the Weapon System
125-A program in 1956. GE was the major contractor involved in
that weapon system. The reorientation was not fully formalized on
a timely basis, in our opinion, since months of negotiations were
required between the contractor, and the Air Force and AEC before
an agreement on the current work program could be reduced to writ-
ing. We believe that communication between the contractor and the
Government should have been improved to expedite the formalization
of the current work program after the reorientation.

The Weapon System 125-A program was canceled in December 1956.
During conferences in January 1957, AEC and the Alr Force discussed
the reorientation of the ANP program with GE. AEC and the Air
Force, in a joint letter to GE dated February 13, 1957, confirmed
the January discussion with GE and furnished program guidance. GE
was advised that the Air Force forecast performance of the direct
cycle nuclear propulsion system did not provide sufficient promise
to Justify a continuation of a weapon system program and that the
Alr Force was not prepared at that time to sponsor a weapon system
permitting reduced propulsion system performance objectives. The
letter stated that the objective of the revised program remained
the flight-type propulsion system but that, however, the previously

planned ground test of the prototype propulsion system was to be

54



reexamined with the objective of incorporating design improvements
leading to significantly increased performance. The letter re-
quested GE to submit to the Alr Force and AEC, not later than
March 12, 1957, a written outline of 1ts revised progrém with a de-
talled analysis of expenditures for the remainder of contract year
1957 (ending September 30).l

On March 27, 1957, GE submitted the revised Air Force state-
ment of work for the remainder of contract year 1957. By letter
dated April 30, 1957, the Air Force advised GE that the revised
statement of work for 1957 was not fully acceptable to the Air
Force. With the April 30 letter, the Air Force forwarded to GE a
proposed statement of work "that reflects the total Air Force re-
quirement.’

GE was advised ir writing on May 10, 1957, to proceed on a re-
oriented program as it related to the AEC portion of the work. The
Alr Force and GE agreed on July 13, 1957, on a revised statement of °
work for contract year 1957.

By memorandum dated September 12, 1962, the Deputy for Devel-
opment, Research and Development, Air Force, in commenting on this
matter stated that the Air Force statement of work was on contract
in less than 4 months of submission of the contract proposal and

that this time interval was considered timely.

lSubsequently, the 1957 contract period for the Air Force wag ex-

tended to November 30, 1957.
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By letter dated November 9, 1962, the General Manager, AEC, in
commenting on this matter stated that during this time of negotia-
tion the contractor was insisting upon a broader program than the
Government considered necessary or desirable and that AEC;could not
enter into a firm arrangement untlil this matter was satlsfactorily
resolved. The General Manager stated further that an earlier for-
malization of the agreement could have been achieved only by ac-
quiescing to the contractor's wishes, an action which would not
have been in the Government's best interests.

Since the negotiations involved the formalization of an agree-
ment for research and development work underway during the time of
negotiations, we believe that the Government could expect to gain
no particular édvantage in prolonging negotiations until later in
the contract year. Moreover, we do not believe that an early set-
tlement could have been achieved only by acquiescing to the con-
tractor's wishes, since the Government should be in a better posi-
tion when negotiating for fubure work than in negotiating for work
already completed.

We believe, therefore, that the reorientation of the ANP pro-
gram after the cancellation of the weapon system objectives was not
agreed to in writing on a timely basis. It was not until May 1957
~--about 5 months after the reorientation was initiated-~that GE was
advised in writing to proceed on a reoriented program as it related
to the AEC work. Agreement between the Air Force and GE was not
reached in writing until July 1957--about 7 months after the reori-

entatlon was initiated. The reorientation of the ANP program was
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not completely reduced to writing, therefore, untlil about 7 months
after the preceding program objectives and about 8 months before
the next reorientation was initiated. It appears that‘more timely
and practical communication should have been establishéd between

the Government and the contractor to formalize current work pro~

grams.
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VARTOUS INDICATIONS THAT THE DEPARTMENT OF DEFENSEH
DID NOT FURNISH SUFFICIENT AND TIMBELY GUIDANCE
FOR _ANP PROGRAM

Qur review disclosed various instances where it appeared that
the Department of Defense (DOD?% did not furnish sufficient and
vimely guidance to those responsible for carrying out the ANP pro-
gram. In one instance, AEC requested DOD for a decision vitaily
affecting AEC's participation in the national defense effort, but
over 2 years elapsed before DOD reached a decision. In another in-
stance, DOD did not provide guidance that AEC considered adequate
until almost 8 months after AEC was first requested to reorient the
ANP program. At the time of that reorientation,AEC stated that it
would indeed be deplorable if, -when AEC developed the next advance
reactor which could provide sustained nuclear flight, it would
evolve that there was no requirement for this reactor. AEC stated
also that it seemed only reasonable that, if AEC was to continue to
support the DOD in the ANP program, specific DOD requirements must
be provided in order that AEC could establish proper nuclear crite-
ria and parameters. Also, we noted that a DOD review group stated
in 1957 that there was a lack of firm decision and direction in the
program and that the Joint Committee on Atomic Energy stated in

1959 that the ANP program still had no firm set of objectives.

Lror convenience, the National Military Establishment (NME) is re-

ferred to in this report as DOD. NME, predecessor to DOD, was
created by the National Security Act of 1947. DOD was established
by the National Security Act Amendments of 1949.



Department of Defense delaved major decision
for over 2 vears

AFC requested a major decision from DOD in December 1948 but
did not receive the decision unt%} March 1951. The request con-
cerned DOD's views on the military worth of nuclear-powered air-
craft and on the urgency with which DOD regarded the proposed de-
velopment program. In December 1950, AEC indicated to DOD that the
need for a decision was critical from the standpoint of national
defense and that a severe shortage of personnel in the atomic
energy field was developing. In March 1951, AEC advised DOD that
the need for a decision was particularly acute and shortly there-
after was informed by DOD of the priority to be given the aircraft
nuclear power plant.

A review group engaged by AEC recommended in its Lexington Re-
port that, if it was decided as a national policy that the high
cost could be justified, a strong development program on nuclear-
powered flight should be undertaken. (See p. 123.) In view of
the Lexington Report, AEC in a letter to the Military Liaison Com-
mittee’ in December 1948 stated:

"The Commission would appreciate learning the views
of the National Military Establishment with respect to

the basic conclusions reached by the Lexington Project.
The Commission desires to obtain a policy decision at

lEstablished by The Atomic Energy Act of 1946 (42 U.S.C. 2037).

The Committee consists of representatives of the Army, Navy, and
Air Force. AEC advises and consults with the Department of De-
fense through this Committee on matters relating to military ap-
plication of atomie weapons or atomic energy.
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the highest level which is based on a thorough evaluation
of the respective merits of expending heavily of national
wealth for the development of nuclear-powered alrcraft as
compared with similar expenditures for development of
other means of national defense. Inasmuch as a decision
will aid materially in getting a program underway, the
Commission requests the views of the NME with respect to
the manner in which such a decision can best be obtained
at an early date. We would suggest that after your views
have been formulated, this matter be made the subject of
discussion between the AEC and the MLC."

The Military Liaison Committee (MLC) advised AEC in January 1949
that the views of DOD could not be given prior to action by the
Joint Chiefs of Staffl and the Research and Development Board, AEC
was advised also that a study had been introduced in the Joint
Chiefs of Staff for the purpose of obtaining a policy decision.
The MLC advised AEC in August 1949 that the Joint Chiefs of Staff
had deferred a decision, pending an evaluation by the Weapons Sys-
tem Evaluation Group.
In December 1950, AEC again requested a decision from the De-
partment of Defense. AEC stated, in part, that:
"The present demand on qualified personnel in the
atomic energy field is becoming severe and it is of ut-
most lmportance that those qualified personnel that are
avallable, apply themselves to those items considered to
be of greatest importance to our national defense.
"The present status of the program *** suggest that

the policy decision referred to should be made as early
as it is practical to do so.

lIncluded as a statutory agency within the Department of Defense
under the National Security Act of 1947 (5 U.S.C. 171) and the
members are the principal military advisers to the President, the
National Security Council, and the Secretary of Defense. The
Joint Chiefs of Staff consist of the Chairman of the Joint Chiefs
of Staffy the Chief of Staff, United States Army; the Chief of
Naval Operations; and the Chief of Staff, United States Air Force.
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"In view of the above 1t is requested that the AEC

be Informed of the views of the Department of Defense on

the military worth of the nuclear-powered aircraft as

well as the urgency with which the DOD regards the pro-

posed development program leading to the 'flying labora-

tory! in 1996."

The MLC replied in January 1951 that the Joint Chiefs of Staft
were currently considering the establishment of a requirement for
the construction of an aircraft nuclear power plant suitable for
the propulsion of aircraft.

The MLC requested AEC's views on certain matters, including
the impact of fhe proposed requirement on AEC's other project
priorities and production objectives. AEC replied on March 1,
1951, that, except for a "crash program” which could be extremely
disrupting to AEC's essential production program, men and facili-
ties could be found to make reasonable progress on this project, if
the need could really be Justified. AEC stated that the need for a
declision by DOD was particularly acute.

On March 13, 1951--over 2 years after AEC initially requested
a decision by DOD--the MLC informed AEC that the Joint Chiefs of
Staff had determined that "a military requirement exists for the
construction of a nuclear power plant suitable for aireraft prqpul-

sion, with priority for accomplishment to be after any reactor

projects primarily concerned with the production of fissionable ma-

terials.n
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Department of Defense did not furnish ALC
with sut'ficient guidance unbtll 8 months
after major reoricntablion was inibiated

DOD initiated a major reoricentatlion of the ANP program in July
1959 but did not provide AEC with whalt AEC considered to be clear
guidance until February 1960.

During July 1959 the ANP program was reoriented from a devel-
opment vprogram for a weapon system for the Air Force to a research
and development program leading toward major reactor experiments.
The Director of Defense Research and Engineering (DDR&E), DOD, ad-
vised AEC on July 7, 1999, to emphasize the development of only
such reactors as would be sultable for useful military performance,
to continue the development of only such turbomachinery as might be
necessary to establish the feasibility of nuclear-propelled air-
craft, and to defer flight plans.

On July 30, 1959, the Chairman of AEC advised the Secretary of
Defense <that:

"As a result of the recent review by the Director of
Defense Research and Engineering, it 1s understood that
the first nuclear developmental reactor, the so-called
nichrome~-zirconium hydride reactor, does not mecet Depart-
ment of Defense requirements and that some more advanced
reactor must be developed. I am deeply concerned thatb
the Commission nas expended such extensive time and ef-
fort only to find that after we have achieved a capabil-
ity of providing a nuclear system for flight, there is no
DOD requirement for this system. Since ANP 1s an ex-
tremely costly development, it seems only reasonable that
if the Commission is to continue to support the DOD in
this jolint effort, specific DOD requirements must be pro-
vided in order that the Commission can establish proper
nuclear criteria and parameters. It would, indeed, be
deplorable if when we develop the next advanced reactor
wnich could provide sustained nuclear flight it would
evolve that there was no requirement for this reactor.
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"In view of the above, the Commission requests that

the DOD provide at the earliest practlicable date firm ANP

program requirements and/or objectives in sufficient de-

tail to permit the Commission to properly and adeguately

cooperate in a joint program toward a common useful

goal."

On September 9, 1959, Dﬁﬁ&E advised AEC that the Alr Force an:
Navy had been furnished with interim guidance and that it would be
appreciated if AEC would accept this guidance as the initial objec-
tives of the program. The interim guidance stated that the objec-
tives of both the direct and indirect cycle programs were to de-
velop a power plant which could be used to fly a plane similar to
the Convair model 54 design at a speed of between Mach 0.8 and 0.9
at an altitude of about 39,000 feet and which would have a poten~
tial 1life of about 1,000 hours.

With reference to DDR&E's interim guidance, AEC requested
clarification on October 5, 1959, as to whether it was intended
that each of the direct and indirect cycle programs develop sepa-
rate power plants to satisfy the above objectives or whether it was
intended that only one program be extended through the power plant
development phase., DDR&E did not reply until February 27, 1960,
because DDR&E was awaiting a report from an Ad Hoe Group that had
been formed to make a more complete study of ANP and to recommend
future courses of action. DDR&E concurred, in general, with the
findings of the A4 Hoc Group and advised AEC that the éim of the
ANP program should be to carry only one of the two power plant de-

velopments to the flight stage in the mid-1960's but to continue

with both approaches toward achieving a relatively high performance
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plant until technical progress or lack of progress enabled DDR&E to
make a selectilon.

Thus it appears that, when the ANP program reorientation was
initiated in July 1959, DDR&E did not furnish AEC with firm re-
quirements and objectives in the detail that AEC conslidered neces-
sary to properly and adequately carry out the program. AEC re-
quired further clarification after DOD furnished AEC with interim
guidance in September 1959, but thls clarification was delayed un-
til February 1960 because DDR&E walted on the matter until a review
group had issued its report.

Examples of other indications that there was a lack of suffi-
cient guidance for the ANP program follow.

During January 1957, the Assistant Secretary of Defense (R&D)
appointed an Ad Hoc Study Group to review the entire ANP program.
The group's report, issued in April 1957, stated that there was a
lack of firm decision and direction in the program and that it was
apparent that there must be strong coordinated supervision and con-
tinuous examination of efforts undertaken and results achieved.

After a series of hearings on the status and future aspects of
the ANP program, the Joint Committee on Atomic Energy in February
1959 commented that (1) the program still had no firm set of objec-
tives, (2) no decision had been made regarding actual nuclear
flight and no target dates had been set, (3) administrative indeci-
sion at high levels had plagued the program from the start, (4) the
contractors had no clear guidance as to where they stand or where

the program was going, and (5) the annual expenditure was a holding
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operation to avoild difficult decisions which must be made to lend

clear-cut direction to the program.

There are indications, therefore, that DOD did not furnish

sufficient and timely guidance.to those responsible for carrylng

out the ANP program.

By letter dated October 3, 1962, the Deputy Secretary of De-

fense, in commenting on this matter, stated that
fered considerably from lack of prompt decisions
agement procedures had been instituted in DOD to

pact of such a condition. (See p. 35.)

the program suf-
but that new man-

minimize the im-
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BENEFITS OF UNIFIED ORGANIZATIONAL ARBRANGEMENT
NOT FULLY REBALIZED

The beneflts of the organizational arrangement for the ANP p
gram were not fully realized, in our opinion, because the Air Forc
and AEC each awarded separate gontracts to GE and P&W for work on
the development of the propulsion system. We believe that a singl
contract with each contractor would have simplified the accounting
budgetary, and administrative aspects of the project; eliminated
the lack of uniformity in contractual provisionsj and expedited the
Government's negotliatlions with the contractor. We believe further
that, to strengthen congressional control where two agencies each
have an interest in the project and the project is to be under the
directlon of an organizational unit consisting of personnel of both
agencies, each agency should explore with the cognizant congres-
sional committees for both agencies the desirability of having one
of the agencies justify and subsequently fund the entire cost of
the project. We reached similar conclusions from our review of the
Large Surface Ship Reactor, AlW land~based prototype project.l

The research and development on the propulsion systems was car-
ried out by the Alr Force and AEC as a single integrated project un~-
der parallel cost-plus~g~-fixed-fee contracts with GE and P&W. Trom
November 1957 until the termination of the ANP program, the

lReport to the Congress on review of Atomie Energy Commlission and
Department of the Navy Large Surface Ship Reactor, AlW land-based
prototype project constructed under contracts with Westinghouse
Electric Corporation (B-114878)--issued January 10, 1962,
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organizational structure of the Alrcraft Nuclear Propulsion Office
(ANPO) provided for the carrylng out of the technical direction of
the propulsion system as a joint project effort of the Alr Force
and AEC. »

We believe that in this instance the organization arrangement
after November 1957 would have lent itself particularly well to hav-
ing a single Governnment contract with each contractor. Accomplish-
ment of this objective would have required an agreement between AEC
and the Air Force covering such matters as (1) the mechanics of
funding and payment--one possibility being for AEC to contract and
make payments and for the Air Force to fund the cost of its work by
advances or reimbursements to AEC--and (2) the cost reimbursement
principles to -be used in the contracts. We believe that exten-
sion of the single-job concept to the use of single contracts would
have resulted in a reduction of the dual-control aspects inherent
in the separate ARC and Air Force contractual arrangements, and in
the elimination of certain inconsistencies in the provisions of the
contracts.

An even more desirable alternative, in our opinion, would be
for one agency to budget, to obtain congressional authorization,
and to fund the entire cost of future projects of this nature. The
advantages of this type of arrangement would be many. -It would be
economical and desirable from an administrative point of view since
it would eliminate entirely the dual-control aspects inherent in
separate funding arrangements by two Government agencies, particu-

larly the burdensome task of accumulating costs separately for
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billing and budgeting purposes, and 1t would eliminate certain in
consistencles in contractual provisions resulting from two differ-
ent Government agencies' being Involved., It would facilitate con-
gressional review and strengthen congressional control. Under
single~agency funding, the congressional review and determination
regarding the budgetary request--both authorization and appropria-
tion-~would be based on a consideration at one time of the entire
cost of the project. Supplemental funds, 1f necessary, would be
considered by the same congressional committees and subcommittees
that considered the initial request. This arrangement would result
in a better accounting determination of costs for management pur-
poses since the costs of the project would be determined on a con-
sistent basis.

More liberal terms in Air Force contract

plaged AEC in unfavorsble bargaining vosition

and contributed to delav in AEC's initial supvport
of indirect cvele propulsion svstem

AEC was in an unfavorable bargaining position in negotiating
a contract with P&W because the Air Force had previously awarded to
P&W a contract containing certain provisions that were more favor-
able to the contractor than AEC would agree to. P&W's attempts to
get such terms incorporated in the AEC contract contributed to
about a 14%-month delay in AEC's initial support of the indirect cy =~
cle propulsion system. -

The Air Force awarded a contract to P&W in May 1951 for cer-
tain work required to provide a thorough technical evaluation of a
nuclear energy propulsion system. At that time both the Air Foree

and P&W recognized that some AEC support would be necessary to
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accomplish this work and therefore agreed that at the proper time
P&W would request a collateral contract from AEC. In February 1952
P&W requested AEC for a contract that would include fuel element
fabrication and development, and.design of a facility required for
critical experiments. P&W stated that, in consldering this request
to AEC, 1t gave primary consideration to those problems in the re-
actor program, the solution of which, in its judgment, was most ur-
gent 1if a logical sequence in the work was to be pursued. P&W
pointed out that the work relating to fuel elements should be under-
taken with no further delay in order to preserve an orderly se-
quence in the work. P&W pointed out further that the design of the
facility should parallel fuel element fabrication and development
because critical experiments would be mandatory if certain neutron
physics problems peculiar to the ANP activities at P&W were to be
solved.

In March 1952, AEC Headquarters requested its Chicago Opers-
tions Office to negotiate a contract with P&W to cover work neces-
sary to establish the feasibility of undertaking a development ef-
fort on an aircraft type of reactor utilizing supercritical water
as a moderator coolant fluid. Between May 1952 and January 1953,
AEC forwarded at least three contract draft proposals to P&W and
P&W forwarded at least two draft proposals to AEC. The principal
problems involved in the negotiations related to fees, patents, per-
sonnel provisions, and termination of the work by P&W in event of
lack of funds. In May 1953, 14 months after negotiations began,

AEC executed a contract with P&W.
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The need for AEC to actively participate in the ANP program at
P&W was established in March 1952 when AEC Headquarters requested
its Chilcago Operations Office to negotiate a contract with P&W.
The lack of agreement on certaiﬁ‘major provisions in the proposed
contract between March 1952 and May 1953 apparently delayed certain
reactor development work on the indirect cycle propulsion system
for about 14t months. Further, we believe that a major deterrent in
reaching an agreement was the effort by AEC to negotiate terms more
favorable to the Government than those that had already been incor-
porated in the Air Force contract. In our opinion, AEC was in an
unfavorable bargaining position in negotiating with the contractor
because (1) the contractor had already received an Air Force con-
tract containing certain provisions that were unacceptable to AEC
in its contract and (2) P&W was aware that it would likely receive
an AEC contract because of the close relationship between the work

to be done for the two agenciles.
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FPixed-fee rates allowed under the Air Force contracts
were aboubt double those allowed under AEC contracts
with the same contractors

The fixed-fee rates allowed under the Alr Force contracts with
GE and P&W were nearly double the rates allowed under the AEC con-
tracts with the same contractorssg We bellieve that AEC was placed
in an unfavorable bargalning position because the Alr Force had
previously agreed to pay the contractors fixed-fee rates for the
Air Force work on the Interagency project that were much higher
than the rates that were acceptable to AEC.

The Alr Force and AEC have separately negotidted thelr con-
tracts and contract continuations with GE and P&W, usually on an
annual basis. The fee bases (adjusted estimated costs) and the
fixed fees under the Air Force and the AEC contracts since incep-

tion are summarized as follows:

- Contract period Fixed fee Average
Contract From To Tee base negotiated percent

General Electric Co.:

Alr Force:
AF 33(038)-21102 3-19-51 8_3

-58  $122,723,000 § 8,765,000  7.14
AF 33(600)-38062 10~ 1-58 60

78,773,000 5,649,000 7.17

201,496,000 14 41k, 000 7.15

AEC:
AT(11-1)-171 6-29-51 6-30-60 181,224,000 6,087,000  3.35

Pratt & Whltney:

Alr Force:

AF 33(038)-27341  5-31-51 10-15-577 27,667,000 1,750,000 6.33
AF 32(600)-40548 12- 1-59 12-15-50 4,900,000 209,000 6.30
‘ 32.562,050 _2,059,000 €.32

AEC: )
AT(11-1)~229 5-21-53 6-30-60 65,795,000 2,9%1,000 4,55
Total Alr Force 23%,063,000 16,473,000 7.0k
Total AEC 21+7.,029,000 9,058,000 3.67
Total $481,092,0C0  $25,531,000 5.31

2Bstween 10-15-57, and 12-1-59, the Air Force did not have an operatlng contract
with P&W.

71



Although the fee bases of the Alr Force and AEC contracts
were about the same, the average rate of fixed fee negotlated by
the Alr Force (7.04 percent) was about double the average rate
negotiated by AEC (3.67 percent). The negotlation records show
that one of the principal problems involved in the negotiation of
the AEC contracts with GE and P&W related to the amount of fixed
fee. P&W wanted a fee for the AEC work that was comparable to the
fee previously agreed to by the Air Force.

By memorandum dated September 12, 1962, the Deputy for Devel-
opment, Research & Development, Air Force, in commenting on this

matter, stated:

"Relative to the fee difference between the Ailr
Force and the ALC, the ANP contracts were negotiated by
both agencies in conformance with established contractual
policies and criteria. Alr Force fees were within the
boundaries allowed by the Armed Services Procurement Reg-
ulations. They compared favorably to those allowed other
contractors for research and development programs of com-
parable complexity."”

Since a single contract to each contractor should simplify the
accounting, budgetary, and administrative aspects of the project;
eliminate the lack of uniformity in contractual provisionsj; and
expedite negotliations with the contractors, we believe that, in fu-
ture projects of this nature, the feasibility of awarding a single
contract to each conﬁractor should be considered early in the pro-
gram. Furthermore, we believe that, to strengthen congressional
control, each agency should explore, with the cognizant congres-

slonal committee for both agencies, the desirability of having one
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of the agencies justify and subsequently fund the entire cost of
joint-agency projects.

By memorandum dated September 12, 1942, the Deputy for De-
velopment, Research & Development, Alr Force, concurred In our ob
servation on the advantages of a single contract for an integratec
dual agency research and development program. The Air Force empha
sized, however, that this be done early in the program. The memo-
randum stated:

x%x The exploration of advantages to be gained by
a single contract in an existing environment of a 'going
program,' well established and based upon dual con-
tracts, involves many more considerations of balancing
pros and cons than those which exist in the early stages
of a progran.

"When the ANPO was operational as a jolnt AF/AEC
management office in 1958, the single contract approach
was consldered. At that time, the administrative and
technical disadvantages forecast as accruing from a
changeover were evaluated as outwelghing the administra-
tive advantages.

"Some of the forecast disadvantages were:

1. The necessity of renegotiating contracts in an
area where the contracting agency management was
not familiar with the technical content of the
work to be done.

2. A disruption of the technical effort resulting
from program redocumentation by the technical
project managers.

3. A time-consuming recast of financial reports,
controls and accounts into the contracting agency
format. Thils involved the AEC program being on a
fiscal year cost basis and the Air Force program

belng on a contract year obligation authority
basis.

4. Some buildup of the adminlstrative manpower of

the agency managing the contract would be re-
quired.
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5. In the development phase existing in the ANP pro-
gram, 1t appeared that the AEC would necessarily
be the single contracting agency by law. Then at
a point in a flight test program, after prototype
test, the Air Force would become the contracting
agency on subsequent propulsion systems. This
change of contractual coverage was one of the
single contract concerns.”

By letter dated November 9, 1962, the General Manager, AEC, in
commenting on this matter stated- ‘

"I agree with the views expressed in the report that
where two government agencles are involved in the same
project, a single contract with the same contractor helps
to simplify the budgetary, accounting, and administrative
aspects of the project. As I stated in my reply to your
report on the ALW project, wherever feasible and econom-
ical, AEC will make every effort (as it did with NASA on
the NERVA portion of the Rover Program) to arrange for
single contracting in future jointly funded projects
where a firm will be performing similar work for each of
the agencies. 1 do not believe that 1t is desirable, as
the report proposes, for one agency to justify and sub-
sequently fund the entire cost of joint agency projects
since 1t places that agency in the position of Justifying
to Congress a segment of a program for which another
agency 1s responsible. In my view, adequate Congressional
review and control is assured 1f Congress 1s advised
fully by each agency, at the time funds are being re-
quested, of the nature and anticipated extent of partici-
pation by the other agency. This is the present prac-
tice of AEC."

A report of the Joint Committee on Atomic Energy on hearings
held on the ANP program in July 1959 stated that, since the ANP
program was a research and development effort, the Congress might
wish to consider the desirability of placing primary authority
and responslbility for the conduct of the ANP program in AEC which
was well equipped to carry the program forward as a development ef-
fort through the flight feasibility and demonstration stage. (See

p“ l66v)



FREQUENT PROGRAM REVIEWS BY TEMPORARY GROUPS
AND DELAY TN ESTABLISHING PERMANENT GROUP

Qur review dlsclosed that (1) frequent revlews of the ANP pro-
gram were made by temporary groups, (2) the reviews were based on
brief visits to the contractors' 5lants and briefings and discus-
sions in Washington, and (3) little continuity in membership could
be found among the review groups. Since these reviews were 1in-
tended, generally, to evaluate results accomplished and to provide
adyice to top management on direction of effort, 1t appears that a
permanent review group comprised of appropriate DOD and ARC repre-
sentatives with some continuity in membershlp would have been more
efficient and effective and would have been more in keeping with
the joint project concept under which the ANP program was carried
out.

During the course of our review, we noted that at least 14 re-
views had been made by various groups since 1959. Except for one
review group established to evaluate hazards, the groups were es-
tablished to review broad aspects of the ANP program, and in most
instances, it appeared that the mission of the groups was to review
the entire ANP program with respect to past accomplishments and fu-
ture objectives.

The following table shows the ldentity of the 14 review
groups, the approximate dates the reviews were completed or the re-

ports issued, and the time intervals between reports on the re-

views.
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Approximate Time Inter-

date review val between

completed or reports
Review group report issued (months)

Review group, consisting of the R&D

Technical Advisory Panel on Atomilc

Energy and members of the steering

group of the B&D Technilcal Advisory

Panel on Aeronautics Apr., 1955 2
Ad Hoc Committee on Alrcraft Nuclear

Propulsion of the Air Force Scien-

tific Advisory Board to the Chiefl

of Staff, Air Force June 19955 5
Ad Hoc Group, appointed by a steering

group, represented by the Technlcal

Advisory Panel on Aeronautics, the

Technical Advisory Panel on Atomic

Energy, and the Aeronautical R&D

Facilities Coordinating Committee Nov. 1955 11
Air Force Scientific Advisory Board

Nuclear Panel on Aircraft Nuclear

Propulsion Program Oct. 1956 3
Alr Force Scientific Advisory Board Jan. 1957 3
Ad Hoc Group,.appointed by the As-

sistant Secretary of Defense,Re-

search and Engineering Apr. 1957 1
Review group, appointed by the Com-

mander, Air Research and Development

Command May 1997 1
Ad Hoc Panel of General Officers, ap-

pointed by the Assistant Deputy

Chief of Staff, Development, Air

Force June 1957 6
Ad Hoc Committee on ANP Hazards,

appointed by Deputy Secretary of

Defense Dec. 1957 2
Department of Defense Ad Hoc Panel on

Manned Nuclear Alrcraft, appointed

by Deputy Secretary of Defense Feb. 1958 15
Review group, Mr. E. V. Murphree of

the AEC General Advisory

Committee, Chairman May 1959 2
ANP Ad Hoc Committee of the Air .

Force Scientific Advisory Board

to the Chief of Staff, Air Force July 1959 6
Department of Defense AD Hoc Group
on the ANP program Jan. 1960 6

Ad Hoc Committee of the Alr Force
Scientific Advisory Board to the
Chief of Staff, Air Force July 1960
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Of the 1% review groups discussed above, 7 were Alr Force,

6 DOD, and 1 AEC. Of the 7 Air Force, 5 were Panels of the Scilen-
tific Advisory Board which is the permanent program review and ad-
visory body of the Alr Force.

The reviews made by the various groups were based on brief vis-
its to the contractors' plants and on briefings and discussions in
Washington. The review group that issued 1ts report in April 1955
on current and future prospects of the program based its findings
on information recelved during an inspectlion trip for 1 day each
to GE and the 0Oak Ridge National Laboratory and at a l-day meeting
with the Technical Advisory Panel on Atomic Energy. The review
group that issued its report in June 1955 based its review on in-
formation obtained in Washington and did not visit the contractors'
locations. The group that completed a review in April 1957 spent
one day each at GE, P&W, Convair, and Lockheed and met for a total
of 5 days in Washington with various contractors and Government
agenclies, The objective of this review was to examine into the en-
tire ANP program, as to 1ts objectives and the soundness of the
technical approaches to the problem, and to advise as to the future
ANP program. The group that issued a report in June 1957 spent a
total of about 3 days at GE and the National Reactor Testing Sta-
tion, about 2 days at P&W and the Oak Ridge National Laboratory,
and about 11 days in briefings with various contractors and Govern-
ment agencies. This group was to review the entire ANP program.

The group that issued a report in February 1958 based its findings
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on studies .of previous study group reports and on information re-
ceived at a l-day meceting with representatives of the Navy, Air
Force, and ARC and a l-day visit each to GE and P&W. The objective
of this review was to submit views concerning the status and plans
of the ANP program. The group that issued its report in July 1959
spent about a week in recelving briefings and visiting and Inspect-
ing all important contractors and Governmment sites and laboratories
engaged in ANP matters.

The July 1959 group recommended the establishment of a perma-~
nent technical advisory board with responsibility for periodic re-
view and advice to the Alr Force on the conduct of the program and
stated that the contractors should be shielded from the harassment
of continuous reviews by new temporary committees and investigating
bodies because the field was too complicated for benefit to be de-
rived from the inevitable superficiality of such brief contacts.

Seven of the nine review group reports available for our re-
view showed the membership of the groups. We noted that in five
groups only 1 of the 28 members of the groups served on more than
one group., With respect to the other two groups--the July 1959 and
the'July 1960 ANP AG Hoc Committee of the Air Force Scientific Ad-
visory Board to the Chief of Staff, Air Force-~-about half the mem-
bers of the July 1960 group had previously served on the July 1959
group.

We do not believe that effective reviews can be made of a com-

plex research and development program, such as the ANP program, by
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temporary groups, appolnted at frequent intervals, and composed al-
most exclusively of members who have not served with a previous
group. It appears that a single review group for the ANP program,
comprised of appropriate DOD and\AEC representatives with some con-~
tinuity in membership, would have been more efficlent and effective
and would have been more 1n keeping with the joint project concept
under which the ANP program was carried out.

By letter dated October 3, 1962, the Deputy Secretary of De-

fense, in commenting on this matter, stated:

"xx* The suggestion that a permanent review group
would have been better than many temporary groups had been
anticipated at least a year prior to termination of the
project, when the Director of Defense Research and Engi-
neering appolnted such a group under the chairmanship of
the Assistant Secretary of the Alr Force for Research and
Development, with membership from the joint Aircraft Nu-
clear Propulsion Office, the Navy and his own staff, all
of whom had been closely connected with the program for
many years. Reports from this group played an important
part in the final decision to cancel the project in
March, 1961."
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UNNECESSARY COSTS INCURRED BY AEC FOR
CONTINUED PROCESSING OF YTTRIUM OXIDE

Our review disclosed that AEC incurred unnecessary costs of
about $517,000 by extending for a 7-month period a contract for the
processing of high-purity yttriuﬁ'bxide in order to maintain the
production capability. Placing the production facility in a
standby condition would have accomplished the same purpose, and the
contractor was willing -to negotiate to keep the plant in standby
condition.

Early in 1956 when the ANP program was geared to the Weapon
System 125-A objective, AEC initiated a crash program for procure-
ment of yttrium metal required for the GE~-ANP program. Yttrium ox-
ide (oxide) is one of the intermediate products in the production
of the metal. The two grades of oxide are high-purity and metal-
lurgical grade (met grade) oxide, with the quality requirements for

met grade oxide less severe than those for high-purity oxide.

In May 1956, AEC entered into two contracts for the large-scale
procurement of oxide. By October 1958 one contract had expired,
and the remaining contract with the Michigan Chemical Corporation
(MCC) had been partially terminated. A modification to the MCC
contract, in October 1958, provided that the contractor would re-
process the Government-owned met grade oxide into high-purity oxide
during the period from October 10, 1958, through May 9, 1959, at a
firm fixed price of $51.81 a pound. AEC paid for 15,146 pounds of
reprocessed oxide under this modification for a total of about

$785,000, including $232,000 for the amortization of MCC's
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production equipment. Production under the MCC contract actually

ended and the contract was terminated in May 1959.

From our review of the records it was not feasible to deter-
mine the reason for upgrading the met grade oxide to high-purity
oxide, and we requested the Manager, Lockland Aircraft Reactors Op-
erations Office, by letter dated April 5, 1960, to furnish this in-
formation. By letter dated June 7, 1960, the Manager replied that:

"During the fall of 1958, the GE-ANPD program was not
definitized insofar as the fuel elements and moderator
materials were concerned. Moreover, GE was still attempt-
ing to use the Yttrium metal which had been delivered,
whereas the Yttrium producers, particularly in the metal
production phase, were still attempting to produce a purer
material. In view of these circumstances, it was felt
that since the projected requirements for this material
positively did not discontinue the use of Yttrium, it was
better to have the Michigan Chemical Corporation up-grade
the metallurgical grade oxide to reactor grade oxide
rather than terminate them in October 1958 and destroy

the Yttrium production capabilities. Thus, it was consid-
ered in the best interest of the Government to keep the
capability alive for approximately an additional six to
eight months until it could positively be ascertained .
that we no longer required production of Yttrium in any
form. In summary, therefore, the up-grading of the oxide
which deferred the termination of the Michigan contract
was our best judgment at that time."

After MCC delivered the remaining oxide and after the contract
had expired in October 1958, sufficient quantities of high-purity
oxide apparently were available to meet GE's requirements for about
the next 29 months, assuming no significant increase in the im-
provement of the purity of the met~1l. MCC informed us that when
the production facility was in st y condition the first finished
product could be obtained in aboul months and that full produc-
tion of the finished product could be obtained in about 6 months

after production was initiated.
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It appears therefore that costs of about $593,000 ($785,000
less $232,000 for amortization that AEC would otherwise héve had to
pay at termination of the contract) were incurred by AEC in order
to keep MCC's oxlde production capabllity intact for a period of
about 7 months while a firm declsion was to be reached on the need
for yttrium. We noted, however, that on October 18, 1957, during
the negotiation of the partial termination of MCC's contract, MCC
had informed AEC that MCC would negotiate to keep the plant in
standby condition, at an estimated cost of $10,000 to $12,000 to
put the plant in standby and $41,300 annually to maintain the plant
In standby. On the basis of this estimate, AEC could have con-
tracted to maintain the MCC plant capability intact for 7 months at
a total cost of about $36,000, or $517,000 less than the cost of
the method chosen by AEC to achieve the same purpose.

Effective June 30, 1959, AEC and MCC entered into a l-year
contract under which MCC received $35,800 to place and maintain the
plant on a standby basis, ready to resume production on 60 days'
written notice from AEC. On September 26, 1960, the production fa-
cilities were sold to MCC as the highest bidder.

The high-purity oxide, upgraded by MCC from met grade, was
not used. In July 1961, AEC advised the Office of Civil and De-
fense Mobilization (OCDM) that AEC had determined that‘yttrium would
not be required for planned future programs and that the General
Services Administration (GSA) had determined it to be surplus to
the Government and approved the sale thereof. O0CDM advised AEC in

September 1961 that, in light of the statutory authorities under
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which OCDM operated, there did not appear to be any justification
for the retention of yttrium. In March 1962 the Department of Com-
merce advised AEC that the present time was not suitable for sales
of yttrium to private purchasers, In April 1962, AEC advised the
Department of Commerce that 1t wodid withhold any sales of yttrium
for the present but that it would appreciate Commerce's reviewing
the situation again in about a year, or sooner if the market ap-
peared to warrant it.

It appears that the reason that the met grade oxide was proc-
essed into high-purity oxide was to keep the production capability
of MCC intact. (See p. 81 for AEC's position.) Placing the facil-
ity in a standby condition would have achieved the same objective
and would have'a;oided the unnecessary expenditures of about
$517,000.

DELAY TN AGREEING ON INDEMNITY PROVISION

QF THE AEC CONTRACT WITH GE MAY HAVE RESULTED IN
A DELAY IN REACTOR DEVELOPMENT WORK

Our review disclosed that a delay in AEC's and GE's agreeing
on an indemnity provision in the contract may have resulted in de-
lays in certain significant areas of reactor development and in the
inefficient use of certain contractor personnel. Until agreement
could be reached on the indemnity issue, critical experiments were
delayed about 18 months.

AEC executed a letter contract with GE in June 1951, before
agreement had been reached on certain issues, including an indem-
nity provision. Agreement on the provision was not reached until

about July 1954 when a definitive contract was executed. During
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the negotiations, GE insisted that the contract contain an unlim-
ited indemnity provision that GE would be indemnified against any
loss or expense or for any liability of GE to third parties in con-
nection with the work under the contract. GE wanted to be pro-
tected from all liability should aH airborne nuclear propulsion
unit fall in some inhabited area. AEC negotiators pointed out,
among other things, that (1) the scope of the work did not include
flight testing of an airborne reactor and that such testing when it
did occur would be carried on by other than GE personnel, (2) the
hazards and liabilities of ground testing were no different from
those in any other AEC development contracts, and (3) the possibil-
ity of accidents involving inhabited areas would be extremely re-
mote.

In about December 1952 GE employees had been trained and were
prepared to manufacture fuel elements needed to carry out critical
experiments. However, because of the indemnity problems, GE would
not accept fissionable material and the fuel elements could not be
made. In September 1953, local AEC officials stated that the lack
of agreement on indemnity had resulted in a problem that was then
one of the major deterrents to the progress on the ANP project.
They stated also that, in addition to the delays on critical expe-
riments pending a solution of the indemnity problem, delays in the
testing of fuel experiments in existing reactors, such as the Mate-
rials Testing Reactor at the National Reactor Testing Station, were
occurring because of the remote possibility of liability under GE's

ANP project. They stated further that these delays also resulted
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in situations which adversely affeccted the economical utilization
of funds in that people who were hired to perform this work could
not be utilized effectively. In September 1953, an indemnity
clause was added to the letter contract. This clause, in effect,
provided for indemnity against atomic hazards, but payment would be
subject to the availability of funds and AEC would use its best ef-
forts to obtain such funds. Local AEC officials stated that the
only effect that the inclusion of the indemnity provision had on
GE's activities was that the long-delayed experiments utilizing the
Materials Testing Reactor at NRTS were started by GE. GE, however,
would not accept sufficient quantities of fissionable material to
work on critical experiments because the contract did not contain
an unlimited indemnity provision. Local AEC officials stated in
October 1953 that the GE program had been and was being affected
significantly by reason of the fact that GE would not handle, use,
or process the quantities of fissionable material necessary for
many of 1ts program activities without an unlimited indemnity.
Presidential apﬁroval was required before AEC could agree to
an unlimited indemnity provision in a contract. In February 1954,
AEC requested the President to approve an unlimited indemnity pro-
vision for the proposed definitive contract under consideration at
that time. The Attorney General recommended that the unlimited in-
demnity provision should, at the very least, contain é bad faith or
willful misconduct clause which would be an exception to the Gov-
ernment's assuming unlimited liability. AEC revised the request in

July 1954 to incorporate the recommendation of the Attorney General.
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The President approved the revised request. The definitive con-
tract containing the unlimited indemnity provision, as approved by
the President, was executed in July 1954, and CGE proceeded with
critical experiments.

There was indication that delays in resolving the indemnity
issue in a timely manner may have resulted in delays in certain
significant areas of reactor development. There was about an 18-
month delay in initiating work on critical experiments because, al-
though GE employees had been trained and were prepared to proceed
on critical experiments in December 1952, the experiments were not
started until about July 1954. We understand that such experiments
were necessary and should have been carried out concurrently with
the development of the reactor.

By letter dated November 9, 1962, the General Manager, AEC, in
commenting on this matter, stated:

x+% As the report indicates, GE initially requesﬁed

an unlimited indemnity covering all risks, both nuclear

and non-nuclear. The AEC considered such a request to be

unreasonable and could not recommend that the President

approve such an arrangement. The indemnity provision, as
finally negotiated, contained broad coverage in the area

of nuclear risks only. While the protracted negotiations

resulted in a delay in the conduct of certain experiments,

it 1s our view that, under the circumstances, the delay

was unavoldable.'

We do not consider that taking 3 years (June 1951 to July
195%) to resolve a matter that culminated in delays in the conduct

of important experiments constituted timely action.
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UNECONOMICAL PROCUREMENT AND CONTRACTING PRACTICES
IN THE CONSTRUCTION OF THE
CONNECTICUT AIRCRAFT NUCLISAR ENGINE LABORATORY

Certain uneconomical procurement and contracting practices
were employed by the Corps of Engineer37 United States Army, to ac-
celerate construction of the Connecticut Alrcraft Nuclear Engine
laboratory (CANEL) because the facllitles were expected to be
needed to nmeet the demands of the Weapon System 125-A program. The
Corps of Engineers provided for large segments of the work by nego-
tiating substantial contract modifications--without competition--
with firms already under contract. We noted in one instance that
the work covered by substantial negotiated contract modifications
was almost entirely subcontracted and in turn sub-subcontracted,
resulting in a. pyramiding of overhead and profit allowances total-
iﬁg over $237,000 to the prime contractor and the subcontractor for
work done principally by the sub-subcontractor. We belleve that a
substantial portion of such overhead and profit allowances could
have been avoided had the Corps of Engineers (1) obtained competi-
tive proposals from firms able to provide the required construction
services or (2) taken steps to eliminate one of the tiers involved
In the successive subcontracting.

At the request of the Air Force, the CANEL facilities were
designed and built, under contracts administered by the Corps of
Engineers, for P&W's use in developing an alrcraft nuclear pro-
pulsion system under research and development contracts with the
Air Force and AEC. The Corps of lngineers incurred costs of about

$42 million in connection with the construction of CANEL, including
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charges of $1.8 million by the Corps of Engineers for its adminis-
tration, supervislon, and inspectlion of the design and construction
work.

An accelerated construction.prpgram for CANEL was considered
necessary to meet the occupancy dates established by the Air Force
because of the high priority given to the ANP program between
March 1955 and December 1956 for developing the Weapon System 125-A
for the Air Force. (See p. 133.) After the completion of the de-
sign criteria late in 1954, the Corps of Engineers in April 1955
entered into an architect-engineer contract providing for the de-
sign of CANEL. Initial construction contracts were awarded in Au-
gust and October 1955. Until the Air Force ordered the deferment
of certain proposed construction in May and August 1957, CANEL had
been constructed on a "crash" basis.

Corps of Engineers provided for

entire portions of the construction work
without obtaining competitive proposals

The Corps of Engineers did not use formal competitive bidding
in awarding construction contracts. Instead, to meet the Air Force
occupancy dates, ranging from December 1956 to September 1957 for
the various facilities, the Corps of Engineers solicited competi-
tive proposals from a selected group of contractors and negotiated
fixed-price contracts with the firms submitting the lowest pro-
posals. In a number of instances, however, the plans and specifi-
catlons for a particular facility or general area of work had not
been completed at the time the proposals were solicited. As a re-
sult, the Corps of Engineers entered into fixed-price construction

contracts providing for only portions of the planned facilities.

88



Subsequently, the remalning portions of the construction work were
provided for under substantial modifications to exlsting contracts,
after negotlations solely with the firms awarded the basic con-
tracts and with only occasional limlited competition for the sub-
contract work. Thils matter also was disclosed by the United States
Army Audit Agency in an audit rep;rt, dated October 10, 1958. Ne-
gotiations with the firms already under contract were undertaken
because the Corps of Engineers (1) determined that there was insuf-
ficient time to obtain competitive proposals and/or (2) considered
it desirable to make a single contractor responsible for an entilre
facility or general area of work in order that the Government would
not become involved in coordination problems between prime con-
tractors or in disputes between contractors.

The following tabulation shows the extent to which certain

contracts were increased by negotiated modifilcations.

Net
Amount of contract
Contract Date of Facility or original modifi-
numbper contract area of work contract cations
DA-19-016-4206 10-26-55 Central power plant § 218,000 $ 927,025
DA-19-016-4523  L4-13-56 Shop laboratory 667,000 1,947,721
DA-19-016-4536  L-23-56 Roads and outside
utilities 4,153,400 2,875,472
DA-19-016-4719  8-17-56 Heat exchanger lab-
) oratory 257 4Ly 478,289

The above contract modifications included six large change orders,
totaling over $4 million, ranglng in amounts from $166,000 to
$1,381,000. These modifications considerably expanded the scope of
the original contracts and covered major portions of the construc-
tion specifications, such as the installation of heating, ventilat-
ing, and electrical systems and the construction of the outside

electrical distribution system. 8‘3



We believe that the use of negotlated modifications or change
orders to fixed-price construction contracts 1s a customary and
economical method for providing for minor changes to existing plans
and specifications. However, we do not believe that change orders
are an appropriate or economicai method for providing for major
portions of construction work when the scope and cost of the modi-
fication far exceed the scope and cost of the basic contract.

Pyramiding of overhead and profit allowances
under negotiated contract modifications

The Corps of Engineers provided for the CANEL outside electri-
cal distribution systems-~costing about $1.8 million--by negotiat~
ing substantinl modifications to an exlsting prime contract. The
work, however, was almost entirely subcontracted and in turn sub-
subcontracted, resulting in a pyramiding of overhead and profit al-
lowances- totaling over $237,000 to the prime contractor and the
subcontractor for work done principally by the sub-subcontractor.

The original contract (No. 4536) with the Lane Construction
Company provided for the construction of roads and certain outside
utilities at a negotiated fixed price of $4,153,400. Lane subcon-
tracted work costing about $2.7 million to other firms. Included
in the subcontracted work was work under a subcontract with the
Davison Construction Company which provided for the constructlon of
a fuel oil pier, a river pump house, and certain miscellaneous
buildings at a cost of about $645,000. Davison in turn sub-
subcontracted the necessary electrical work to John J. Reillly,
Inc,, for $365,548, Subsequently, upon completion of the plans and
specifications for the outside electrical distribution system,
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the Corps of Engineers provided for this work by negotiating sub-
stantial contract modifications solely with Lane althougn the Corps
was aware that the work was to be almost entirely undertaken by a
sub-subcontractor and was consi@erubly beyond the scope of the
electrical work included in Lane'é‘original contract. Further, at
the time of the initial negotiations for the construction of the
outside electrical distribution system, the Corps of Engineers al-
ready had prime contracts totaling about $5.5 million with Davison
for other construction projects at CANEL.

There were about 50 modifications to Lane's original contract,
involving in whole or in part the Lane-Davison-Reilly relation-
ship, for construction of the outside electrical distribution sys-
tem, which cost the Government about $1.8 million. The two largest

1 for

modifications totaled about $1.6 million. Lane's job costs
the two modifications were about $1.4 million, of which all except
$2,300 represented costs under subcontracts to other firms, almost
all of which was subcontracted to Davison. Davison's costs (exclu-
sive of overhead) for the work covered by the two modifications
were about $1.3 million, of which about $1.2 million represented

costs under a subcontract with Reilly, the electrical contractor.

On these modifications Lane received overhead and profit allowances

lJ’ob costs represent all costs except (1) indirect construction
costs (i.e., supervision and engineering), (2) operating costs
(i.e., bonuses and project office salaries), and (3) general admin-
istrative costs which cannot be assigned directly to a specific
modification.
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of about $154,200 applicable to work performed by Davison and
Reilly, and Davison received overhead and profit allowances of
about $59,100 applicable to work performed by Rellly.

Thus, overhead and profit gllowances applicable to the work
subcontracted and sub»subcontracﬁéd under the two largest modifica-
tions to the Lane contract totaled about $213,300--or about 15 per-
cent of the amount of the subcontracted and sub-subcontracted work.
We noted that,on other contracts where the Corps of Engineers nego-
tiated substantial modifications, totaling about $2.5 million, with
prime contractors for work almost entirely subcontracted, the over-
head and profit allowance paid to the prime contractors on the sub-
contracted work where one tier of subcontracting was involved
averaged about 9 percent of the estimated cost of the work. In
contrast, the equivalent of about 1l5-percent overhead and profit
markup was received by Lane and Davison under the Lane contract
where two tlers of subcontracting were involved. We do not.believe
that any benefits derived from maintaining, in effect, two prime
contractors for providing for electrical work primarily performed
by an electrical sub-subcontractor were necessarily commensurate
with the increased costs involved on such a contractual arrangement.

The overhead and profit allowances applicable to all modifi-
cations under the Lane contract relating to construction of the
outside electrical distribution system totaled about @237,000, of
which about $163,000 represented Lane's ove;head and profit allow-
ance applicable to work subcontracted and sub-subcontracted to Da-

vison and Reilly and about $74,000 represented Davison's overhead
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and profit allowances applicable to the work sub-cubcontracted to
Reilly.

Although Lane had receilved the basic contract for certailn
other portions of the outside utiliﬁy work, we do not helieve that
Lane would have had to be the primg contractor for construction of
the outside electrical distribution system. The outside electrical
distribution system, costing about $1.8 million, was a large under-
taking, and we believe that the contractor should have been se-
lected on the basis of competitive proposals. Furthermore, Lane
did not appear to specialize in this type of work and the Corps of
Engineers was apparently aware of lLane's prilor arrangements for
providing for electrical work by successive subcontracting. We be-
lieve, therefore, that a substantial portion of the $237,000 in
overhead and profit allowances accruing to the prime contractor and
subcontractor for work principally done by the sub-subcontractor
could have been avoided had the Corps of Engineers (1) obtained
competitive proposals from firms able to provide the required con-
struction services or (2) at least taken steps to eliminate one of
the tiers involved in the successive subcontracting, particularly
since the Corps had concurrent prime contracts with both Lane and
Davison.

By memorandum dated September 6, 1962, the Deputy Assistant
Secretary of the Army (Logistics) in commenting on thié matter
stated that the methods of contracting employed at CANEL were Jus-
tified by the urgency of the project and that, had the follow-on

work been awarded as the result of competition, the completion



dates essential to the program would not have been met. With re-
spect to the pyramlding of overhead and profit on the construction
of the electrical distribution system under the contract for out-
side utilities with Lane, he stated that the pyramiding of overhead
and profilt was recognized in the a;ard of the first supplemental
agreement to the Lane contract but that in negotiating the second
supplement with Lane no markup was allowed to Davison for work per-
formed by Reilly and that the pyramiding of overhead and profit was
eliminated.

Qur review of the contractor's records showed that the pyra-
miding of overhead and profit was not eliminated on the second sup~
plemental agreement (modification). Under the first modification
($698,000) to Lane's original contract, the Corps of Engineers spe-
cifically allowed (1) a S-percent overhead and profit allowance to
the subcontractor (Davison) for the work to be performed by the
sub~-subcontractor (Reilly) and (2) a 1lO-percent overhead and profit
allowance to the prime contractor (Lane} on the total amount ne-
gotiated for Davison, or the equivalent of about a 15-percent
markup to the prime contractor and subcontractor for the work per-
formed by Rellly. Under this modification the amounts subsequently
distributed to the various contractors were almost identical to the
amounts negotiated.  Under the second modification ($895,000) the
Corps did not allow a specific markup to Davison on work verformed
by Reilly but allowed the equivalent of about a 13-percent overhead
and profit allowance to the prime contractor on the total amount

negotliated for work to be done by Davison. In the subsequent
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distribution to the varilous contractors under the second medifica-
tion, Rellly, the sub-subcontractor received about $3,000 less thar
the amount shown as negotiated by the Corps and the subcontractor
(Davison) received about %26,70Q4more than the amount shown as ne-
gotlated by the Corps. As a result, the prime contractor and sub-
contractor actually received under the second modification essen-
tially the same markups that had been specifically allowed under
the first modification (i.e., a 5-percent overhead and profit al-
lowance to the gubcontractor (Davison) for the work to be performed
by the sub-subcontractor (Reilly) and a 10-percent overhead and
profit allowance to the prime contractor (Lane) on the total amount
paid the subcontractor.

It appears, therefore, to make 1little difference whether, as
in the first modification, a specific markup is explicitly provided
for the éubcontractor or whether, as in the second modification, a
higher~-than-normal markup is provided to the prime contractor who

subsequently passes a portion of the mafkup to the subcontractor,



ATIR TORCE AND AEC DID NOT REQUIRE
FEANTNGHUL. COST DATA FROM GIY
URTNG 3-YUWAR PERIOD

The formal monthly recports that the Alr Torce and AEC obtained
from GE during fiscal years 1956,11957, and 1958 did not contain
meaningful detailed cost datla because the costs could not be re-
lated to the various experimental projects being carried out by GE.
As a result, an effective monthly evaluation could not be made from
the formal reports of the costis incurred by GE for major projects.
Furthermore, during this period AEC's actual costs could not be re-
lated to the estimated costs because they were not reported on a
comparable basis. During fiscal years 1959 and 1960 action was
taken to correct these deficiencies.

The Air Porce and AEC furnished GE with program guidance set-
ting forth the funding level and program objectives for the coming
year. On the basis of this guidance, GE submitted annual program
proposals to the Air Force and AEC containing the planned activi-
ties and estimated costs for work to be done during the coming
year. GE submitted monthly administrative reports showing actual
Air Force and AEC costs, and a monthly cost budget report showing
the budgeted and actual AEC costs.

The program proposals, monthly administrative reports, and the
AEC monthly cost budget reports did not provide sufficient detail
to permit a meaningful detailed evaluation of costs. -GE’S annual
program proposals showed esltimated costs by broad AEC and Air Force
work classes; for example, shield development and turbomachinery.

GE's monthly administrative reports and AEC's monthly cost budget
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reports showed AEC's actual costs in four main categorles~-~research
and development, fuel fabricatlon, test operations, and reactor
fabrication-~none of which could specifically be related to the
work classes. The Alr Force actual costs were reported in catego-
rles which generally followed the work clags breaskdown in the pro-
posals. The cost categories shown in the annual proposals and
monthly reports, therefore, did not provide the degree of detall
information needed for an adequately detailled evaluation of costs
applicable to specific projectss for example, Heat Transfer Reactor
Experiments and XMA propulslon system. Such speclfic projects, and
major subdivisions thereof, are referred to by GE as a "product.”
We noted that GE prepared cost reports that compared actual and es-
timated costs on a product basis. The product classification and
the work classes were not reported on a comparable basis. Gener-
ally, work under one work class was applicable to several products
and, conversely, work under one product was spread over several
work classes.

In June 1959, AEC issued a revision to its formal budget and
reporting classifications which became effective July 1, 1959.
This revislon provided for budgeting and reporting on a product ba-
sis each month. Changes were made also in the procedure for egti-
mating the Alr Force and AEC costs in the GE work program proposal
for fiscal years 1960 and 1961. In generél, this system provided
for a more detalled cost breakdown by products or objectives rather
than by work classes. The costs of the pnroducts were also broken

down to show estimated costs of specific segments of each product.
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Although tﬁe projects were reviewed in detall every 6 months
under AEC's normal procedures, we believe that more meaningful de-
tail cost data should have been required from GE in the formal
monthly reports during fiscal years 1956, 1957, and 1958.

OTHER DEFICIENCIES IN OPERATIONS UNDER CONTRACT
WITH THE GENERAL ELECTRIC COMPANY

Cur review of the actlvities of GE dlsclosed certain ineffi-
ciencies in property management and a need for improvement in the
internal audits performed by the Air Force and AEC. Our review
disclosed also that unallowable costs were charged to the AEC and
Alr Force contracts. Certain deficiencies had been commented on in
previous AEC internal audit reports; however, corrective action had
not been taken at the time of our review. A summary of the defi-
ciencies noted during our review follows.

1. Ineffective egquipment accountabilitv--GE did not maintain

effective accountability for Government-owned equipment at the
Evendale plant, as evidenced by the fact that (a) most of the
equipment was not aﬁ the locations designated on the equipment ac-
countability records, (b) GE was unable to determine the number and
value of unlocated items until many months after the physical in-
ventory counts had been completed, and (c¢) GE did not try to locate
items after 1t had finally been determined that they were missing
or misplaced. Prior to our review the GE internal auditors had
noted certain deficiencies that contributed to ineffective property
accountabllity--(a) property was sometimes furnished to vendors and

subcontractors without adequate controls, (b) procedures for the
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movement of property were inadequate and those in existence were
not adhered to, aﬁd (c) Government property was loaned to employees
for personal use and was loaned also to other companles and other
GE departments without provislon_for return. As of May 31, 1960,
GE's records showed that it was accountable for about $22 million
worth of Government-owned equlpment for use in the ANP program at
Evendale.

2. Physical inventories not taken regulsrly--GE had taken only

one complete physical inventory of general stores at the Evendale
plant from the inception of GE's participation in the ANP program
(from 1951 to January 1960). The physical inventory was taken in
September 1957. GE's records showed that the general stores inven-
tory on hand at the end of May 1960 totaled about $563,000.

3. Accumulation of stores cutside storerooms~-the various op~

erating units at the Evendale plant had accumulated general stores

i1tems within their units in excess of needs.

4. Uneconomical purchases--GE purchased materials and supplies
from commercial sources for use at its Idaho Test Station, even
though these items were afailable at equal or less cost from the
AEC-financed stock located in the central stores warehouse near the

Idaho Test Station.

5. Deficiencies in accountability for certain inventories-—GE
did not maintain records showing the cost of spare parts and spe-
cial stores inventories at the Idaho Test Statlon, and the proce-

dures for 1issuilng, recelving, and inventorying of these items were

deficlent.
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6. Divided internal audit responsibility--the internal audit

responsibility for GE's Aircraft Nuclear Propulsion Department was
divided between the Alr Force and AEC, and the combined scope of
the Internal audits did not provide for effective and'comprehensive
coverage of GE's ANP activities at Evendale.

7. Prompt corrective action not taken on internal audit find-

ings--for several years, and In some instances as long as 4 years,
AEC internal auditors had commented on (a) the lack of financlal
controls for stores-type material stored at various locations at
the Evendale plant, (b) the need for following AEC instructions in
computing depreciation on property at Evendale and at the Idaho
Test Station, (c) GE's excessive automotive liability insurance
coverage, and (d) GE's practice of issuing an excessive number of
individual purchase orders having a low dollar value, both at
Evendale and the Idaho Test Station. GE did not take prompt action
to correct these deficlenciles.

8. Accounting records did not segregate allowable and unallow-

able cogsts--between 1951 and 1960, GE's Aircraft Nuclear Propulsion

Department charged all costs to the AEC and Air Force contracts,
including costs that were specifically unallowable by the terms of
the contracts. As a result, the burden of finding and disallowing
such costs fell on the Alr Force and AEC. For several years the
Alr Force and AEC internal auditors had pointed out this defieciency.

9. Government audlt services not utilized--certain commercilal

bills for the transportation of Government-owned property were
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audited by a commercial audit service even though the same audit
service was avallable from the General Accounting Office. After we
brought this matter to the attention of AEC and Air Force offi-
cials, they directed GE to discontinue the use of the commercial
audit service and to forward theutransportation bills to the Gen-
eral Accounting 0ffice for audit.

10. Delay in suspending project--GE did not take timely action

to suspend certain work relating to the nuclear operation of an un-
clad ceramic reactor. The Alrcraft Nuclear Propulsion Office
(ANPO) advised GE in July 1958 to cancel the work, but it was not
until after ANPO expressed deep concern in November 1958 over the
anount of effort spent on ceramics that GE terminated the work in
December 1958. In January 1959, ANPO initiated procedures that
were intended fto prevent the recurrence of similar situations.

11. Improper method for computing fixed fee~-the Air Force

paid GE a fixed fee for certain contract periods that was based
partly on estimated ocutstanding commitments at the end of such pe-
riods. For example, GE was paid about $640,000 in fixed fees dur-
ing contract year 1959 applicable to §9 million of outstanding com-
mitments for work that was not planned to be done until contract
yvear 1960. We do not believe that such a procedure should have
been followed because the fixed fee was not earned unt;l the con-
tractor had completed the work.

During our review we discussed the deficlencies with appropri-

ate AEC, Alr Force, and contractor officials. They generally
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agreed with our findings. After our discussions with these offi-
clals, we noted that a number of the deficlencles were being cor-~

rected or plans had been made to take corrective action.
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OTHER DEFICIENCIES IN OPERATIONS
UNDER _CONTRACT WITH PRATT & WHITNEY ATRCRAFT

Our review of the activities of P&W disclosed weakness 1n the
financial and quantlty controls over materlals and supplles inven-
tories, and a lack of formal accounting records to support the fi-
nancial reports prepared by P&W. Certain deficiencies had been
commented on in previous AEC internal audit reports; however, cor-
rective action had not been taken at the time of our review. A
summary of the deficiencies follows.

1. Phvsical inventories not taken regularlv--P&W did not take

physical inventory of materials and supplies until about July 1957,
even though it had operated under an Alr Force contract since 1951
and under an AEC contract since 1953. The estimated value of the
materials and supplies inventory at July 31, 1958, was about

$4.5 million. We noted numerous and substantial errors in the July
1957 inventory. After we brought these errors to the attention of
local AEC officials, AEC made a review of certain inventory bal-
ances as of December 1958, AEC found that the errors continued to
exist; however, the incidence and extent of the errors had been
substantially reduced.

2. Inadequate accountability for inventories--~the value of ma-

terials and supplies inventories was not shown in the formal ac-
counting records.

3. Stock records accessible to warehouse employees--stock rec-

ords cards were located in the central stores warehouge and were

readily accessible to all warehouse employees.
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Ly, Improper handling of requisitlons--requisitions for mate-

rials and supplies, although prenumbered, could not be accounted
for. Moreover, many requisitions were not signed by the employees
recelving the stock.

5. Absence of written procedures for inventories--P&W did not

have written procedures or instructlons relating to the taking of
inventories, nor for the warehocusing functions relating to the re-
celpt, storage, lssuance, or recordkeeping of materials and sup-
plies.

6. Accunulation of excessive and obsolete inventories-~-the ma-

terials and supplies inventory at July 31, 1958, included many
items that were obsolete or in excess of foreseeable needs. AEC
stated that the accumulation of excesslive and obsolete 1tems was
partially attributable to the lack of financial control but that
accumulation of the bulk of the excess material resulted from a
change in the program from research and development for a specific
type of reactor to a basic research program.

7. Inadequate accounting records--P&W did not maintaln a cur-

rently posted general ledger, subsidiary ledgers, or other formal
records to support the financial reports, but instead used many
informal work sheets and memorandum-type records.

8. Prompt corrective action not taken on internal audit find-

ings-~for several years the AEC internal audit reports had com-

mented on (a) the need for certain formal accounting records, (b)
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the lack of written procedures relating to the inventory function,
and (c¢) the absence of financlal controls over inventories.
Prompt actlon, however, had not been taken to correct these defi-
clencies.

During our review we discussed the deficiencies with appropri-
ate contractor officials and with officials of the AEC Hartford
Aircraft Reactors Area Office, who generally agreed with ocur find-

ings. After our discussions with these officials, we noted that
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made to take corrective action.

We advised the Manager, Lockland Aircraft Reactors Operations
O0ffice (LAROO), of our findings in a letter dated July 22, 1960.
LAROO replied on September 6, 1960, that further corrective action
had been taken on certain deficiencies but stated that AEC did not
have complete responsibility for the administration of P&W activi-
ties under the ANP program. LAROO stated further, in part:

"The Pratt & Whitney organization, as you know, is now
and has been primarily devoted to production of air-
craft engines and accordingly does the majority of its
total business with the Department of Defense. Thus, the
contractor should be and is, in fact, thoroughly versed

. in the matter of operating under DOD administrative proce-~
dures.

"Therefore, when P&WA [P&W] was requested to perform re-
search work on the ANP Program for the U.S. Air Force in
May of 1951, the applicable procedures required by the
DOD had already been made known to P&WA, and this DOD in-
fluence was carried over to the USAF operating contract
which became effective in May 1951. In early years,
P&WA's work on the ANP Program was confined solely to the
USAF cost-type operating contract, and in contract years
1951, 1952 and 1953 the following amounts were expended
respectively: $0.3, $1.0 and $1.9 million - or accumula-
tively through contract year 1953, #3.2 million. It was
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not untll May 1953 that the AEC contract became effective
and the AEC, in Fiscal Year 1953 expended only $13,000,.
Thls influence on the part of the DOD remained until Octo-
ber 1957 when the original USAF operating contract was
terminated.

"I would also like to point out that P&WA 1s not an inte-
grated contractor since they use their own funds to fi-
nance operations. Accordingly, they are not necessarilly
required in all cases to follow the procedures which the
Commission has prescribed for its integrated contractors.
We do, however, consider them as an integrated contractor
for many purposes on an administrative basls and have
made slignificant accomplishments in this respect.”
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SCOPE_OF REVIEW

We examined into the organization, pollcies, and procedures
relating to the ANP program and into selected activitles of the ma-
Jor contractors engaged 1n the program. Our revliew included an ex-~
amination of correspondence, reports, contracts, negotliation files,
and other pertinent documents which were made available to us by
the Department of Defense, the Air Force, the Navy, AEC, ANPO, and
the major contractors.

Certain ANPO files were made available to us after being re-~
viewed by ANPO personnel. We were informed that the purpose of
this review was to remove data that did not pertain to the manned
ANP program under our examination as well as data that represented
incomplete staff work. Without knowledge of the specific data thus
removed from the files, we could not establish whether it had rele=-
vance to the subject matter of our audit. Subsequently, AEC offi-
cials advised us that the aforementloned data had been restored to
the files and that such filles were available for our review. How-
ever, because the program had been canceled, and in the absence of
any compelling reason for doing so, we did not consider our reexam-

ination of the files necessary or practicable.l

lSince April 1962, it has been AEC's written policy that, where
documents are removed from officlal files prior to review by GAO,
a listing shall be prepared and an appropriate explanation of the

reasons for withdrawing each document shall be incorporated
therein. At the same time, AEC noted that the President of the

United States has reserved to himself the authority to invoke ex-
ecutive privilege and that no GAO request will be declined on the

basis of executive privilege unless a determination to assert

privilege has been made by the President.
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We discussed matters pertinent to our review with Air Force,
AEC, Navy, and contractor officials. We also examined, on a test
basis, the data relating to the costs of the ANP program. In per-
forming our review and determining the nature and extent of our
tests, consideration was given to the work performed by the Air
Force and AEC internal auditors.

Our review was conducted at ANPO Headquarters, Germantown,
Maryland, and at the sites of the major contractors engaged in the
ANP program--the Aircraft Nuclear Propulsion Department of the Gen-
eral Electric Company, Evendale, Ohioj the Pratt & Whitney Air-
craft Division of the United Aircraft Corporation, Middletown, Con-
necticut; Convair Division of the General Dynamics Corporation,
Fort Worth, Tekxasj; the Georgia Division of the Lockheed Aircraft

Corporation, Marietta, Georgiaj; the Oak Ridge National Laboratory,

Oak Ridge, Tennessee; the AEC National Reactor Testing Station,
Idaho Falls, Idahoj and the Wright Air Development Division, Air

Research and Development Command, Dayton, Ohio.
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) Fiscal wear
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SCHEDULE 2

THE MAHNNED ATRCRAFT SUcCLEAR PYPULSITICN PROGRAM

TOTAL €03TS INCUKnED BY PARTICIPATING ¢ 4IM'L CONTRACTORS

FOR F15rAL YEAHS 1946 PHRGUGH 1.l
Opora.lr g esponces facilities gnd egquipment
Alr Alr
Total Tatal ALC Focce Havy Iotal AEC Earce
{¢OU omitted)
DEVELOPMENT OF THR DIfCCT CYCLE NUCLEAR
PROPULSION SYo™d:
General Elu;tric Company (GZ) g 507 84 462,867 SN 64D £019,670 £ 1,559 & 64,917 £22,913 3§ b1,.6Ch
Welght-Cheney-Birch 6,168 - - - - 6,168 6,168 -
Utah Constraction Company 1316 - - - - 5,316 5,316 -
Ralph M. Parsons Comp.ny 216 52 52 - - 4,094 3,776 318
Phillips Petreolsun Cempany 3,689 3,021 3,621 - - 68 68 -
Arrington Consbtiuction Company 3,245 - - - - 3,245 3,24 -
J. H. Wige & Sons, Incorporated 3,%?? - - - - %,%gg %,ég; -
Y. R. Cahoon Constructicn Company 1,0 - - - - 3 O s -
Others 8,614 1,413 1,413 - - 7,201 _6,736 ___ kW63
Total, other than GE 35,380 __5.086 5.086 - - 30,29% 29,911 783
Total 560,76% 467,953 246,728 210,670 1,555 _94,811 52,424 142,387
DEVELCFMENT OF THE INDIRECT CYCLE NUCLEAR
PROFULSICH SYSTRa: ¢ ) .
Pratt & whitney Aircraft {(P&v), Divi-

sicn of lnited alrcraft cOrpérauon i6h, 468 138,200 100,468 35,80 1,841 26,268 _5,697 206,611
Bureau of Fublic Roads--access roads

for Connecticut Ailreraft Nuclear .

Higine Laboratory (CANEL) L6l - - - - L&Y - Uk
Unlon Carbide Nuclear Company--(0ak

Ridge National Laboratory) 68,306 67,716 67,716 - - 590 590 -
Others 5,597 3,188 1,188 - - 2,409 2400 -
Corps of Engineers--(CANEL) faclllities: .

Davison Censtruction Company, Inc, 7,616 - - - - 7,616 - 7,616
Lare Constructiu. Corporation 7,102 - - - - ?,102 - 7,102
Penjamin F. Shav Company 4,935 - 1,935 4,935
John A. Volpe Constructicn Company,
Inc. 3,715 - - - - 3,715 - 3,715
Perinl Corporation - 2,202 - - - - 2,209 - 2,209
Cnarles . Maln, Ine. 1,787 - - - - 1,787 - 1,787
HeConathy, Hoffman & Associates 1,141 - - - - 1,14 - 1,1kl
Corps of knglneers charges 1,776 - - - - 1,776 - 1,776
Others 11,232 - - - - 11,232 - 11,232
Total, Corps of Engineers 41,513 - - - - 41,913 - 41,513
Total 280,148 209,104 171 2 15,891 1,841 21, 2hh 3,656 62,558
AIRFRAME. SUBRSYSTEM ARD CCMPONENT DESIGHN,
AND RELATRD SHIELDING AND RADIATION
EFFECTS SIIDIES:
Convair Division of (Cenevral Dynamics

Coryporation 70,312 63,860 - 60,022 2,933 6,152 - h52
Lockheed Alrcruft Cocporation 33,654 19,224 - 9,22k - 14 ‘+70 - 1l+ wo
The Glenn L. Martin Company 2,399 2,399 - 2,399 -
Massachusetts Institute <f Technology 2,390 2,390 - 2,390 - - - -
International Business Machines Corpo-

ration 1,958 1,958 - 1,958 - - - -
Bendix Aviation Corporation 1,650 1,650 - 1 6,0 - - - -
Boeiny Alreraft Correrabion 1,600 1,600 - 1, 600 - - - -
Republic Avlation Corporation 1,562 1,562 - 1,562 - - - -
General Electric Company 1,475 1,475 - 1,475 - - - -
Western Elsciric Co., Ine. 1,188 1,188 - 1,188 - - - -
Others L. 836 ‘1,876 - Y, héq 287 - - -

Total 123,084 102,162 - 26,438 5.22% 20,922 - 20,922
STUDIES AELATING TO ThY FEASIBILITY OF AIR-
;EAFT KUCLEAR FROPUL3ICN ARD GENERAL SUP-
RT:
Fairchild {NEPA Project) 20,971 20,971 - 19,471 1,900 - - -
Union Carbide Nucleir Company--{0ak’

Ridge Natienal Latoratory) 24,507 23,439 22,859 630 - 1,418 1,418 -
Maxon Engineering Company 9,300 - - - - 9,300 - 5,300
Ralph M. Parscns Company . 1,455 %13 - ki3 - 0%2 - 1,042
Sylvania-Corring luclear Corporation 1,187 1,187 1,187, - - - -
Corps of Enginzers charges 552 - - - - 55 - 552
Others 15,787 14,352 1,662 92.279 3,415 1,435 1,287 iy

Total 74,159 6n,h12 259,708 _29,78 4,915 13,747 2,709 11,ck2
TOTAL COSIS OF [HE MANNED ANP PROGRAM $1,040,355 #639,631 $§4h3,808 381,798 £1b,015 g200,7°k $63,785 §136,9319

Hotes:

1. The costs shown on thias schedule do not include (1) ths costs of spectul nuclear materlals expended and the value of
specelsl ruclear matorials and special reactor materlals at Juns 30, 1961, and () the administrative expenzes of the
Atomic Enargy Commission and the Departmsent of Lefense incurred in coancction with the over-all management and adminis-
traticn cf the gmanned ANP prograas.

n

The costs assigned te contructors include the a¢ of certaln Governoent-turnishel services, muteriqls, fariltties, and
gquifnent assigned to the participating contractors, Incluiing the book value of equipment and machinery furnished at
no cogt from the Industrial Resarve.

The notes on pages 114 to 117 are an integral part of this schedule.

112



THE MANHNED AIRCRAFT NUCLEAR PROPULSIOHN

COSTS OF TACILITIES AND EQUIPMENT BY MAJOR IHSTALLATION
FOR FISCAL YEARS 19h6 TIHOUGH 1961

PROGRAM

Costs to Juns 30, 1961

Iotal AEC r Force
{000 omitted)
DEVELOPMENT OF THE DIRECT CYCLE NUCLEAR PROPULSIOH 7YSTEM:
Evendale, Ohilot
Alr ﬁorce Plant No. 36 (operated by the Genaral Electric Com-
pany, Aireraft Nuclear Propulsion Department) § 45,716 $11,890 $ 33,826
Ganera{ Blectric Company Plant {operated h{ the General Elec-
tric Company, Flight Propulsion Division 7,778 - 7,778
Total--Evendale, Ohlo 53,49k 11,890 41,604
Idaho Falls, Idaho:
Hationai Reactor Testing Statlon (operated by the General
Electric Company, Atrcraft Nuclear Propulsion Department) 41,317 40,534 783
Total 94,811 52 424 42,387
DEVELOPMENT OF THE INDIRECT CYCLE NUCLEAR PROPULSION SYSTEM:
Middletown, Connecticuts
Air Force Plant No. 62, Connecticut Aircraft Nuclear Engine
Laboratory (CANEL)--zoperated by Pratt & Whitney Alrecraft) 67,825 5,237 62,588
Oak Ridge, Tennesseet
Oak Rldgs NMational Laboratory. {(operated by Union Carbide Nu-
clear Company) 1,636 1,636 -
Idaho Falls, Idahot
Nationai Reactor Teating Statlion (design costs for facility
to be operated by Pratt & Whitney Aircrai't) 1,783 1,783 -
Total 71,24 8,656 62,588
AIRFRAME, SUBSYSTEM AND COMPONENT DESIGN STUDIES, AND RELATED SHIELD-
ING ANﬁ RADIATION EFFECTS STUDIES:
Fort Worth, Texas:
Air Force Plant No. Y4, Nuclear Alreraft Research Fecility
(HARF) (operated by Convalr Division of General Dynamics) 6,452 - 6,452
Dawsonville, Georgias
Alr Force Plant No. 67, Georgla Nuclear Laboratory (GNL)
(operated by Lockheed Aircraft Corporation) 14,470 - 14,470
Total 20,922 - 20,922
S8TUDIES RELATING TO THE FEASIBILITY OF AINRCRAFT HNUCLEAR PROPULSION
AND GENERAL SUPPORT3
Wright-Patterson Alr Force Base, Dayton, Ohilo:
Nuclear Englneering Tesi Facllity (operated by the Alr Force,
Wright Air Development Divigion) 11,042 - 11,042
Dak Rldge, Tennesseet
Oak Ridge National Laboratory (operated by Union Carbide Nu-
clear Company) 2,709 2,705 -
Total 13,747 2,705 11,042
TOTAL FACILITIES AND EQUIPMENT COSTS OF THE MANNED ANP PROGRAM $200,72% $63,785 $1316,939

The notes on pages 1i4% to 117 are an integral part of this schedul;-
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NOTES TO COST SCHEDULTS

The amounts shown on the schedules were accumulated by the
General Accounting Office from the records of the major operating
contractors, the Department of Defense, and the Atomic Energy Com-
mission with the cooperation and assistance of these organizations.

ANPO Headquarters prepared a "Financial Summary 5f Manned Air-
craft Program,! dated June 30, 1961. This summary, which includes
fiscal year 1961 estimates, differs from the schedules prepared by
the General Accounting Office because different sources and bases
were used for accumulating the information. The information in

ANPO's schedules is based on obligations, except for the informa-

tion on AEC operating expenses which is based on costs. The state-
ments prepared by GAO are on a cost basis or as close to a cost
basls as it was practicable to obtain., The details of the various
sources and bases used for the amounts shown on the statements
prepared by GAO follow,

Atomic Energy Commission

The amounts for operating costs are shown on a cost basis and
were developed from AEC's annual June 30 Re-Cast Cost Budget Re-
ports.

The amounts for facilities and equipment are shown on a cost
basis and include (1) the costs of equipment not included in con-
struction projects, financed under research and development con-
tracts with the General Electric Company and Pratt & Whitney Air-
craft as shown in AEC's annual Re-Cast Cost Budget Reports and (2)
the plant and equipment costs developed from the Cost Reports on

Changes in Plant and Equipment in Progress. Eiié



Department of the Air Force

al

General Electric Company (GE)

The amounts shown for Air Force operating costs are based
on costs developed from GE's monthly administrative reports.

The amounts shown for Air Force facility costs include (1)
the costs of the special tools and equipment financed under Air
Force research and development contracts with the Aircraft Nu-
clear Propulsion Department as developed from GE's monthly ad-
ministrative reports, (2) the costs of the Air Force-financed
facilities of the Flight Propulsion Division as developed from
various GE records and reports based on GE's costs charged
against the pertinent supplements to the Air Force facilities
contract, (3) the costs of the facilities financed under the Air
Force facility contract with the Alircraft Nuclear Propulsion De-
partment based on GE's billings and end-of-year adjustments for
unbilled costs, and (%) the book value of equipment and machin-

ery furnished at no cost from the Industrial Reserve.

. Pratt & Whitney Aircraft,

Division of United Aircraft Corporation (P&W)

The amounts shown for Air FForce operating costs were devel-
oped from P&W's billings under the Air Force research and devel-
opment contract.

The amounts shown for Air Force facility costs include (1)
the costs of equipment financed under the Air Force research
and development contract prorated by fiscal year on the basis of

P&W's billings, (2) the costs of the equipment and facilities
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financed under the Air Force facility contract, based on P&W's
billings, and (3) the book value of equipment and machinery fur-
nished at no cost from the Industrisl Reserve.

We have segregated and shown separately the Connecticut
Aircraft Nuclear Engine Laboratory cost of facilities con-
structed and of the equipment purchased by the Corps of Engi-
neers, the charges by the Corps of Engineeré for administration
and supervision of the construction, and certain amounts au-

thorized for road construction by the Bureau of Public Roads.

. Convalr Division of General Dvnamics

The amounts shown for Air Force operating costs were devel-
oped from Convair's cost ledgers for the various Air Force re-
search and development contracts.

The amounts shown for Air Force facilities include (1)
Convalr's disbursements reimbursed under the Air Force facility
contract and (2) the book value of Government-furnished items
transferred to Convair at no cost.

Lockheed Aircraft Corporation

The amounts shown for Ailr Force operating costs were devel-
oped on the basis of either (1) Lockheed's reimbursed and sub-
mitted costs or (2) Air Force disbursements under the various
Air Force research and development contracts.

The amounts shown for facilities are based on iockhéed's

submitted costs under the Air Force facility contract.
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e.

Other Contracts

The amounts shown for Air TForce operating costs were devel-
oped primarily from the Air Force disbursement records appli-
cable to about 170 contracts and orders. In a few instances the
amounts were based on Alr Force contract or delivery order obli-
gations. The cost of the NEPA project was developed from con-
tractor and Air Force reports. Due to (1) the length of time
since the inception of the program, (2) the decentralization of
the Air Force accounting records prior to i959, and (3) the lack
of detail supporting the Alir Force obligation control records,
there is no assurance that all the miscellaneous Air Force con-
tracts applicable to the manned ANP program have been Iincluded
in the cost schedules or that the costs shown in the schedules
were incurred solely for the benefit of the program.

.The amounts shown for other Air Force facilities represent
the cost of the Nuclear Engineering Test Facility at Wright
Patterson AFB, Ohio, based on (1) contractor payment estimates
for the construction work and architect-engineer services, (2)
Air Force disbursements for minor supporting contracts, and (3)
charges by the Corps of Engineers for administration and super-

vision of the construction.

Department of the Navy

The amounts shown for Navy operating costs are based generslly

on contract obligations and were developed from reports prepared by

the Bureau of Aeronautics or the Bureau of Naval Weapons, Depart-

ment of the Navy.
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HISTORY OF

MANNID ATRCRAFT NUCLEAR PROPULSION PROGRAM

INTRODUCTION

This history is organized malnly in a chronological order and
shows the various periods during which the ANP program was on a
particular objective. Because the program reorientations generally
had the most immediate impact on GE, the largest contractor under
the program, we primarlly considered the activities of GE 1in our
organization of the history.

A major reorientation redquired many months of consideration
and planning, both by the Government and by the contractors, from
the time that initial consideration was given to a program change
until the reoriented program was in full operation at the contrac-
tor level. Moreover, the changeover of the contractors' actual op-
eraticns was not an overnight ftransition, but rather a phasing out
of the old program and a phasing in of the new program. Generally,
the dates identified with the various periods were the approximate
dates when a decision was reached to reorlent the program.

We included in the history only those events that we consid-
ered to be the most important on the basis of the material avail-
able, together with other pertinent information considered neces-
sary for an understanding of the history.

FEASIBILITY STUDIES--1946-51

During this period (1946~51) the Ailr Force, with AEC support,
carried out studies on the feasibility of using nuclear energy for
the propulsion of aircraft.

Initiation of feasibility studies

The use of nuclear fuels for the propulsion of aircraft was
visualized during World War II, but the matter was not pursued be-
cause of the urgent need for development of the atomic bomb.

After World War II, several industrial firms selected the
Fairchild Engine and Airplane Corporation (Fairchild) to act as
manager of the industrial firms' efforts in the aircraft nuclear
propulsion field. In May 1946, the Army Air Force awarded Fair-
child a contract thereby starting the Nuclear Energy for the Pro-
pulsion of Aircraft (NEPA) project. The purpose of the project was
to explore the feasibility of using nuclear energy as a means of
propelling aircraft of combat operational usage. During September
1946 the project moved from New York City to Oak Ridge, Tennessce,
where 1t remained until termination in 1951.
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Lexington review group

The Research and Development Boardl requested AEC 1n December
1947 to review all work in the fleld of nuclear power for alrcraft
propulsion and to establish and carry out a single unified program
with direct participation by the interested Armed Forces and se-
lected contractors. AEC engaged the Massachusetts Institute of
Technology to make the review. The resultant Lexington Report, is-
sued in September 1948, concluded that, although success could not
be guaranteed, there was a strong probabllity that some version of
nuclear-powered flight could be achieved if adequate resources and
competent manpower were put Iinto the development. The report rec-
ommended that, if 1t was decided as a national policy that the high
cost in technical manpower, fissionable material, and money could
be justified, a strong development program on nuclear-powered
flight should be undertaken.

AEC requested decision from DOD

In view of the Lexington Report, AEC in a letter to the Mili-
tary Liaison Committee in December 1948 requested a decision. The
request concerned DOD's views on the military worth of nuclear-
powered aircraft and the urgency with which DOD regarded the pro-
posed development program.

In December 1950, AEC again requested a decision from the De-
partment of Defense. AEC stated that such a decision should be
made as early as it was practicable to do so.

Joint Chiefs of Staff established
military requirement

On March 13, 1951, AEC received a reply to its December 1948
and December 1950 inquiries concerning the level of effort that
could be justified on the ANP program. AEC was advised that the
Joint Chiefs of Staff had determined that a military requirement
existed for the construction of an aircraft nuclear power plant,
with priority for its accomplishment to be after any reactor proj-
ects primarily concerned with the production of fissionable mate-
rials,

lThe Board was established within the DOD by the National Security

Act of 1947 (5 U.S.C. 171) to prepare a complete and integrated
program of research and development for military purposes. The
Board was abollshed and 1ts functions were vested in the Secretary
of Defense by Reorganization Plan 6 of 1953 (50 U.S.C. 402).
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Other activities between 1946 and 1951

In the fall of 1949, AKC initiated work at the Oak Ridge Na-
tional Laboratory (ORNL) operated by the Union Carblde Nuclear Com-
pany to provide technical support to exlsting Alr Force endeavors
in the field of alrcraft nuclear propulsion. In the summer of
1950, ORNL was given responsibllity for the Alrcraft Reactor Ex-
periment (ARE) from which it was anticipated valuable experience
and other 1nformation would be forthcoming to support development
and construction of an acceptable alrcraft reactor.

In December 1950 the Research and Development Board recom-
mended that the first objective of the ANP program be the develop-
ment of a nuclear propulsion system for installation in a subsonic
aircraft by 1956 or 1957.

The feaslibility studies ended at Oak Ridge wlth the termina-
tlon of the Alr Force contract with Fairchild in April 1951. The
total cost of the NEPA project was about $21 million. The princi-
pal conclusion resulting from the project was that nuclear propul-
sion of aircraft was technically feasible.
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ITNITTIATION OF ATRCRAFT NUCLEAR PROPULSION PROGRAM~=-
February 195l-March 1952

As feasibllity studies at Oak Ridge were being phased out, the
program known as the Alreraft Nuclear Propulsion program was
started by the award of Alir Force and AEC contracts.

Award of maicr contracts

The Air Force in February 1951 awvarded Convalr a contract for
vork relating to the modification of a Convair B-36 type of alr-
plane, and the Alr Force and AEC each awarded contracts to GE in
March and June 1951, respectively, for work on a propulsion system.
By November 1951, GE estimated that it could deliver the first
power plant to Convair in about May 1956 at a cost of about
$188 million.

In February 1951, the Alr Force awarded Lockheed a contract
that provided for design of a series of airframes and certain other
work. The Air Force entered into a contract wilth P&W in May 1951
for work related to the supercritical water reactor. P&W re-
quested AEC's support in the ANP activities at P&W in February
1952, but AEC did not award a contract to P&W until May 1953 be-
cause agreement could not be reached on certain terms in the con-
tract.

Bvaluation of sites for test facilities

In February 1952 the Wright Alr Development Center (WADC) ad-
vised the Alr Research and Development Command (ARDC) that selec-
tion of a flight test base for the aircraft nuclear propulsion pro-
gram had been under consideration for some time and that a survey
had heen made under the NEPA project. ARDC was advised also that,
at a meeting In November 1951 between AEC and WADC representatives,
1t had been agreed that the AEC National Reaclor Testing Station
(NRTS) site and the Edwards Air Force base site would be evaluated
in a detailed comparative slte study to ascertaln the sultabllity
of each flight test base. ARDC was advised further that these
sites were chosen on the basis of the NEPA study and because they
provided an access to a flight corridor suitable for nuclear flight
testing.

lln this type of propulsion system, heat 1s carrvied from the re-

actor by steam at supercritical pressures and temperatures. Ailr
coming into the engine is heated by the sleam and expanded through
a jet nozzle to produce thrust.
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At the direction of the Air Force, GE and Convair selected a
contractor to make a s5ite study and master plan for a nuclear-
powered alrcraft test facility, including an evaluation of the two
proposed sites--NRTS, Idaho, and the Edwards Air Force Base, Cali-
fornia. The contractor received an Alr PForce contract to do this
work and in January 1952 recommended that NRTS be selected as the
location for the flight test base. GE engaged the same contractor
to conduct a design basis study and to determine the most suitable
plot arrangement at NRTS for the ground test facilities.

FLIGHT DEMONSTRATION (¥-6) PROGRAM-~~
April 1992-May 1953

During this period (April 1952-May 1953)'the major activity
was the X-6 program of which the major objective was the flight
testing in late 1956 of an airplane using nuclgar power. .The X-6
program included also the construction of a shield test airplane
which was to be flown by conventional power sources. The conven-
tionally powered aircraft was a B-36H aircraft modified to test an
airborne test reactor and shield. The shield test airplane was
known also as the nuclear research airplane and the nucleay test
airplane. The X-6 program was carried out by GE and Convair.

Air Force submits first formal program proposal
to ABC

In April 1952 the Air Force submitted its first formal program
proposal to AEC for consideration. In summary, the principal ob-
Jjective of the proposal was to cooperate with AEC in carrying out a
program leading to flight test of a nuclear propulsion system in a
flying test bed in the 1956-57 time period, with the condition that
this target date was subject to change as technical progress and
avallable funds might dictate. The proposal was prepared with the
help of AEC and certain contractors and was designed to be respon-
sive to the recommendation made by the Research and Development
Board in December 1950. (See p. 124.) The proposal sought to ful-
fill the military requirement established by the Joint Chiefs of
Staff in March 1951. (See p. 123.) In June 1952, AEC accepted
with reservations the immediate objectives of the ANP program. AEC
stated that the initial steps of the recommended program and gen-
eral principles of financing the program to meet these objectives
could be carried out with the understanding that technical progress
and avallability of funds might justify changes from time to time.

Initiation of major test site at the
AKC National Reactor Testing Station

. During May 1952, AEC approved the use of a part of NRTS by the
Alr Force as a flight test base. During the tollowing month AEC
advised the Air Force of its decision and stated that it was then
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proceeding with plans for construction of a ground test facillty a
NRTS under the assumption that it would later be integrated with
the flight test facility under mutually agreeable conditions.t

The Air Force and AEC agreed that the Air Force would be re-
sponsible for financing and operating the flight test facilities
and that AEC would be responsible for financing and operating the
ground test facilities.

Major cutback in ANP program

During April and May 1953, a major cutback in the ANP program
occurred. Major events leading up to the cutback included (1) the
recommendation of the Ad Hoc Committee of the Alr Force Scilentifice
Advisory Board? in March 1953 that the ANP program be cut back by
50 percent on grounds that activities were unwarranted by state of
the art and the rate of progress, (2) the request of the Executive
O0ffice of the President that the Secretary of Defense, cooperating
with AEC, submit to the National Security Council not later than
April 20, 1953, a definitive program for realizing additional re-
ductions in DOD expenditures for fiscal years 1954 and 1955 in con=-
nection with selected areas of atomic energy operations, one of
which was a stretch-out or postponement of the atomic energy pro-
pulsion program for airplanes, and (3) the decision of the National
Security Council in April 1993 to eliminate, as not required from
the viewpoint of national security, the existing program for air-
craft nuclear propulsion.

With reference to the decision of the National Security Coun-
cil, the Chairman of the Military Liaison Committee testified be-
fore the Subcommittee on Reactor Development of the Joint Committee
on Atomic Energy in May 1953 that:

"kxx the military requirements have not been can-
celled. The only action that occurred was the budget
disapproval of specific projects in these areas, on the
general premise that the program as presented did not

lIn December 1958, AEC decided that neither NRTS nor any other AEC
installation could be used as a flight test base. (See p. 168.)
2The Scientific Advisory Board is a consultant body which advises
the Chief of Staff, United States Air Force, on scientific matters
pertaining to current research and technological developments and
maxes future plans in areas related to the Tulfiliment of the Air
Force mission, with a special view toward future aircraft weapons.
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meet the standards which had been established by the Sec-
retary [of Defense]. *** The March 1951 Joint Chiefs!
requlrement for a nuclear powered aircraft 1s still
valid."

In May 1953 the Director of Research and Development, Deputy
Chief of Staff, Development, USAF, advised the Air Research and De-~
velopment Command that (1) after a recent DOD review of the ANP
program, all fund requests for ANP in the fiscal year 1954 budget
had been eliminated, (2) 1t would be necessary to reorient the ANP
program lmmediately so that it could be continued through fiscal
year 1954 with unexpended funds appropriated in previous years, and
(3) the Air Force expenditures in fiscal year 1954 should be
planned at approximately $9.6 million. GE was advised that, in
planning the revised program, about $6 million of AEC funds and
about $3 million of Air Force funds should be assumed to be availl-
able each year for fiscal years 195% through 1956.

During April and May 1993, GE was advised of a minimum devel-
opment program for the GE-ANP project. By this time, GE had fabri-
cated most of the major components of a reactor intended for use in
a ground test power plant. TIurther development of this reactor was
canceled.

Between April and June 1953, the Air Force canceled all work
on the nuclear-powered (X~6) airplane at Convair and work on the
shield test airplane slowed down. Convalr continued its efforts at
solving shielding, radiation damage, airborne instrumentation, and
ground handling problems. Most of the design, procurement, and
fabrication of a Ground Test Reactor, in connection with the X-6
program, had been completed by Convair in 1952. A full~-scale nose
mock-up of the shield test airplane was built in 1952.

It appears that the cutback in the ANP program did not mate=-
rially affect the work underway at P&W, ORNL, and Lockheed.
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APPLIFD RESEARCH AND COMPONENT DEVELOPMENT -~
May 1953-November 195h

The effect of the reorientation of the program in 1953 was the
postponement to an undetermined time of ground and flight testing
of an aircraft nuclear propulsion system. The ANP program at GE
was redirected primarily toward applied research and component de-
velopment of an advanced direct cycle reactor concept based upon a
new configuration and a more promising type of fuel elements.

Initial active participation by the Navy

In May 1953 the Navy awarded study contracts to seaplane
builders and to reactor consultants so that the significance of de-
velopments in nuclear power for naval aircraft design could be as-
sessed. This was Navy's first active effort in the ANP program,
although it had kept informed on the status of the program through
liaison officers and conferences and had also transferred $1.5 mil-
lion to the Air Force in connection with the NEPA project which had
been carried out at Oak Ridge between 1946 and 1951.

In August 1953 the Navy advised AEC of its intverest in low re-
actor power for a subsconic seaplane and stated that its current
program was limited to securing sufficient data and analyses for
determining further scope and objectives of a naval ANP program.

Alr Force cited urgent need for
nuclear-povered aircraft

The Air Force informed AEC in December 1953 that:

Wkx*x There 1s a highest priority requirement for an in-
tercontinental bomber capable of delivering, with accept-
able attrition rates, any of our nuclear weapons on any
target from bases within our continental limits. Recent
studies performed by the Office for Aircraft Nuclear Pro-
pulsion indicate that a nuclear propeller aircraft pos-
sibly can be built which may meet this requirement by as
early as 1960, providing the Air Force and the Atomic
Energy Commission place sufficient prilority on the solu-
tion of the difficult R&D [research and development] prob-
lems involved."

The Air Force urged AEC to take such steps as it deemed appropriate
to expedite the experimental work upon which the development of
this means of aircraft propulsion might be based.

AEC replied in February 1954 that it would, within the limits

of its resources and such funds as might be made available within
over-all program priorities, continue to explore ways and means of
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meoting requirements for the ANP program as these requirements be-
came known in thelr joint and complimentary programs within DOD.
The Air Force Councill in April 1954% unanimously agreed that the
Alr Force position on ANP must be that (1) there was an urgent mil-
itary requlrement for the achievement of an alrcraft nuclear pro-
pulsion operational capablility at the earliest possible date and
(2) the Alr Force would fully support development programs to
achieve this capability.

Work at P&W redirected

Because of the promising aspccts of the circulating-fuel reac-~
tor,2 work on the supereritical water reactor3 at P&W was termi-
nated in June 1954+. The decision for termination followed an anal-
ysis made by P&W, at the request of the Air Force in March 1953,
comparing the supercritical water reactor with the circulating-fuel
reactor under study at the Oak Ridge National Laboratory.

Shortly before termination of the work on the supercritical
water reactor, P&W's primary effort had been devoted to the
circulating-fuel reactor. In July 1954, P&W assigned employees to
ORNL on a loan basis for work on the Aircraft Reactor Test (ART)
program. The ART was a 60-megawatt circulating-fuel reactor.
Sixty megawatts was about the power required for an investigation
of the engineering problems which had to be solved and for disclo-~
sure of the operating characteristics to be expected of the higher
powered reactors required for high-altitude supersonic strategic
bombers.

Other activities during period
(May 1953~llovember 1954)

The Aircraft Reactor Experiment at ORNL was operated success-
fully in November 1954%. The experiment was completed within 9 days
and represented the first known extraction of power from a nuclear
reactor at temperatures in the range required by turbojet engines;
the results represented an important achievement in the development

lAdvisory body to the Alr Force Chief of Staff.

2In the circulating-fuel reactor, heat from the reactor 1s carried
to the engines by a liquid metal where the heat 1s transmitted to
the air through radiators. The reactor fuel is in the form of a
ligquid-metal fluoride which circulates through the reactor. Addi-
tional thrust may be obtained by burning chemical fuel in the en-
gine.

3For definition, see footnote, p. 125.
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of nuclear propulsion systems for alrcraft. The total cost of the
Aircraft Reactor Experiment, including facilities and equipment,
was about $4 million.

The Ground Test Reactor at Convair had been placed in opera-
tion and achieved criticality--first nuclear chain reaction. Con-
vair had also designed and built another reactor known as the Air-
craft Shield Test Reactor. This reactor was similar to the Ground
Test Reactor except that it was designed to operate while airborne.
The Aircraft Shield Test Reactor was first operated on the ground
during November 1954,

GE operated two engines on a common heat source and performed
its first critical experiment.
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WEAPON SYSTEMY 125-A PROGRAM--
November 1954-December 1956

The major objective during this period was to fulfill an offi-
clal requirement established by the Air Force for a nuclear-powered
airplane with supersonic capabllity for use in a weapon system.

Reorientation

The Air Force and ARC wrote to GE 1n November 1954, stating
that the objectlve and priority of the ANP program had been changed
in that there was considered to be an urgent need for an aircraft
nuclear propulsion system which would increase the capability of
the Air Force Strategic Air Command to perform mlssions requiring
extended range or extreme endurance. GE was requested to submit a
program leading to early experience with reactors sultable for air-
craft propulsion through the ground prototype stage.

Under the reoriented program, GE decided that development of
the solid moderated reactor should be given a high priority, rather
than to develop simultaneously both the solid and liquid moderated
reactors. Work on the liquid moderated reactor was limited. GE
stated that it recognized that the engine used in the tests at the
ARC National Reactor Testing Station was not suitable for flight
operations and that an extensive development effort would be needed
to develop an engine needed for subsonic flight.

During this period of the Weapon System 125-A program, the Air
Force awarded Convair and Lockheed contracts covering studies and

investigations for a nuclear-powered strategic bombardment weapon
system.

P&W continued work on the circulating-fuel reactor for the in-
direct cycle. In November 1955, P&W was authorized to investigate
the feasibility of using a solid-fuel reactor as a back-up effort
to the primary effort which was concerned with the circulating-
fuel reactor concept.

lA weapon system comprises the equipment, skills, and techniques,
the composite of which forms an instrument of combat. The com-
plete weapon system includes all related equipment, material,
services, and personnel required solely for the operation of the
alr vehicle, or other major element of the system, so that the in-
strument of combat becomes a self-sufficient unit of striking
power in 1ts intended environment.
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Alr Force establlished requlrement
for nuclear-pvowered alrplane

During March 1955 the Alr Force issued General Operational Re-
quirement! (GOR) No. 81 to provide a nuclear-powered, piloted bom-
bardment weapon system (WS-125-A) capable of delivering nuclear mu-
nitions against any target in the world. The primary mission for
this weapon system would be taking off from bases deep within the
continental United States, proceeding by circuitous routes to a
target located anywhere in the world, bombing the target, and re-
turning to the base of departure, again using circultous routes, 1if
desirable. The GOR stated, with reference to speed, that (1)
crulse speed should not be less than Mach 0.9 unless significant
increases in performance in the combat zone were to be attained and
(2) maximum possible supersonic dash speed in the combat zone was
desired. The GOR, with reference to avallability, stated that this
weapon system would be required in operational units during 1963.

Review group

A review group2 in DOD, on the basis of information received
during a 2-day trip to GE and the 0sk Ridge National Laboratory and
during a meeting of the Technical Advisory Panel on Atomic Energy
in March 1955, concluded that:

"Since the review of this project about nine months
ago, sufficient progress has been made that the objective
of achieving practical and useful flight of a military
plane powered by nuclear energy, probably augmented by
chemical fuel during parts of the misslon, seems more
probable of attainment.!

lFor the Air Force, a GOR is a statement of the operational charac-

teristics required of a piece of equipment or a weapon system in

order that such a piece of equlpment or such a system may be wor-
thy of application to one or more of the missions assigned to the
Air Force. It is the basgis for the expenditure of funds and ef-

fort on a development program.

2Consisted of the R&D Technical Advisory Panel on Atomic Energy and

the steering group of the R&D Technical Advisory Panel on Aeronau-
tics.
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Navy established redulrement
for nuclear-powered seaplane

In February 1955 the Navy issued Operatilonal Requirementl
No. CA-01503 for the development of multilipurpose land- and sea-
based aircrafi systems capable of attack, reconnaissance, and min-
ing in all conditions of weather against heavily defended enemy sea
and land areas. In April 1955 the Navy issued Development Charac-
teristic No. CA-01503-3 which provided the avenues of approach to-
ward the fulfillment of the Operational Requirement. Features,
characteristics, and capabilities were established in the Develop-
ment Characteristic as guildes for the development of nuclear-
powered seaplanes of high subsonic capability for long-range at-
tack, minelaying, and reconnaissance. The system was to be consid-
ered a complete weapon system. The primary fuanction of the system
would be to attack on naval shore targets, warships, and shipping
with conventional and special weapons. The secondary function
would be for purposes of mining and of forward-area reconnaissance.
The Development Characteristic stated that completion of a proto-
type for evaluation no later than 1961 was desired.

After an instruction from the Secretary of Navy in May 1955
that a vigorous program should be developed and pursued for the nu-
clear propulsion of naval aircraft, the Navy engaged several con-
tractors to make studies in relation to the Development Character-
istic of April 1955.

Prospects during mid-1955

In June 1955, AEC and DOD agreed to accelerate the ANP pro-
gram, with the objective of testing a prototype propulsion plant in
about 1959.

The Ad Hoc Committee on Aircraft Nuclear Propulsion of the Air
Force Sclentific Advisory Board,© in a report issued in June 1955,
stated that it believed that the technical objectives were in the
main attainable although some relaxation in the details of the Air
Force General Operational Requirement No. 81 would almost certainly

lFor the Navy, an operational requirement constitutes the official
Sta@ement by the Chief of Naval Operations addressed to a lead or
action bureau which outlines in broad terms the operational per-
formance which should be attained in a specific weapon or support
sys?em to solve, wholly or in part, an operational problem stated
or implied in a system concept. An operational requirement is de-
rived from approved system concepts in the long-range research and
development plan or from the demonstrated needs of the fleet.

2 .
For explanation, see footnote 2, p. 127.
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be required. The Committee stated also that the proposed short de-
velopment period was highly desirable and should be kept as an ob-
jective but that it would be unrealistlc to rely on the actual
availability of a nuclear-powered Strategic Air Command capabllity
in 196¢%. The Committee stated further that, in view of the planned
overlappling and dovetailing of the various phases of development,
it seemed likely that the proposed time scale might not actually be
met, perhaps by as much as 3 to 5 years. The Committee expressed
doubt whether the plinned schedules could be met for developing the
reactor, engine, and alrframe and pointed out that the time allowed
for flight development probably was inadequate.

Construction initiated on the Connecticut
Aircraft Nuclear Engine Laboratory

To accommodate the ANP activities at P&W in the accelerated
program, construction of the Connecticut Aircraft Nuclear Engine
Laboratory (CANEL), Alir Force Plant No. 62, was started about Sep-
tember 1955. Over 1,000 acres near Middletown, Connecticut, were
acquired for the CANEL site. The total cost of the facilities, in-
cluding land, buildings, and equipment, at June 30, 1961, was about
£68,000,000. About $42,000,000 of those costs were incurred by the
United States Army, Corps of Engineers, acting as the construction
agency for the Air Force. The remaining costs of about $26,000,000
were incurred by P&W under an Air Force contract for additional
equipment and facilities and under the AEC operating contract.

Certain uneconomical procurement and contracting practices
were adopted by the Corps of Engineers to accelerate the completion
of the construction of CANEL. (See pp. 87 to 95.)

VWork initiated on solid-fuel reactor

AEC authorized P&W in November 1959 to investigate the feasi-
bility of using a solid-fuel reactorl as a back-up to the primary
effort which was concerned with the circulating-fuel reactorl con-
cept. The investigation was to be conducted in such a manner as to
minimize interruption and/or delay in any work pertinent to the
work on a circulating-~fuel reactor.

lThe solid-fuel reactor, as in the circulating-fuel reactor, em-

ploys a liquid metal which circulates and transfers its heat to
the alr in the engine. However, in the solid-fuel reactor the nu-
clear fuel is contained in the reactor itself in the form of solid
elements.

2For definition, see footnote 2 p. 130.
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GE established target dates

In September 1955, GE established target dates for the comple-
tlion of major program steps and advanced the engine development
schedule. The target dates called for the start of ground proto-
type tests during the 6 months ended March 1959, the start of
flight testing during the 6 months ended December 1960, and the
production of militarily useful power plants in July 1963.

Prospects as of September 1959

In September 1955, AEC advised the Military Liaison Committee
that:

"We suggest that the GE and P&W projects with their
variations provide no more than the minimum acceptable as-
surance of producing a satisfactory powerplant for the nu-
clear powered strategic bomber scheduled to become opera-
tional in 1964."

Teaming of propulsion system
and airframe contractors

During October 1955, the two airframe contractors were teamed
with the two propulsion system contractors. Convair was teamed
with GE, and Lockheed was teamed with P&W.

Denartment of Defense disapproved
proposal by the Navy

During late 1955 and early 1956, a proposal by the Navy for a
power plant development by a third contractor was under considera-
tion by DOD. This proposal for development was in addition to the
Air Force development efforts at GE and P&W. In reply to a letter
in November 1955 from DOD on the subject of a third approach, AEC
advised DOD in March 1956 that AEC believed it appropriate to post-
pone discussions on a third approach until it could be determined
whether the Navy's requirement for an aircraft reactor could be met
from the existing program without adversely affecting strategic
bomber power plant development.

At the request of the Assistant Secretary of Defense (R&D), a
groupl reviewed a proposal of a contractor to develop an aircraft
nuclear power plant package. In March 1956, the review group

1Steering Group of the Technical Advisory Panel on Aeronautics,
with representation from the Technical Advisory Panel on Atomic
Energy and the Aeronautlcal Tesearch and Development Facilities
Coordinating Commlttee.
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recommended that the contractor's proposal not be approved since it
was belleved that separate development of a third engine-reactor
system was not justified and that the Navy's attack seaplane re-
qulrement be assured of continued adequate support from the two ex-
isting nuclear propulsion projects.

The Assistant Secretary of Defense (R&D) advised the Navy
in March 1956 that he was in agreement with the recommendations of
the review group. The Chief of Naval Operations stated that, hav-
ing eliminated the prospects of a power plant tailored for naval
missions, the Navy found it necessary to continue aircraft design
studies which would permit utilization of the Weapon System 125-A
power source.

In July 1956, DOD impounded $7.4 million of Navy ANP funds un-
til such time as review and reorientation of the ANP program could
be accomplished.

Construction of Georgia Nuclear Laboratory initiated

In August 1956 Lockheed began construction of a nuclear re-
search facility, known as the Georgia Nuclear Labcratory (GNL),
Air Force Plant No. 67. The facility, however, was reduced from
a $28 million to a $14 million facility after the WS-125-A program
was canceled in December 1956. Lockheed purchased and donated at
no cost to the Government about 10,000 acres near Dawsonville,
Georgia, for the facility. The facility was used for irradiating
and testing aircraft components and subsystems in the radiation
environment anticipated for nuclear-powered aircraft under opera-
tional conditions.

Prospects during mid-1956

The Alr Force Chief of Staff advised the Joint Committee on
Atomic Energy that he believed that there was a strong requirement
for nuclear-powered aircraft and expressed interest in achieving
nuclear flight at the earliest practicable date. The Office of
Aircraft Nuclear Propulsion advised the Joint Committee that the
ground test of a propulsion system was possible in about 1959 and
the first flight in about 1960. GE estimated that about $2.5 bil-
lion would be required for a program leading to and including de-
livery of 120 nuclear power plants for the first wing of 30 air-
craft by 196k,

Department of Defense withdrew order for
impoundage of Navy funds

In December 1956 DOD advised the Navy that it had withdrawn
the impoundage order of July 1956 and that the funds could be
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requested through normal channels.l DOD stated that a review had
been made and that the present Navy studies were considered a val-
uable import to the over-all ANP program.

Expansion of facilities at the
AEC National Reactor Testing Station

The testing facilitlies at the AEC Natlonal Reactor Testing
Station (NRTS) were expanded during the time of the Weapon System
125-A program. Construction of a Flight Engine Test (FET) facility
at NRTS was authorized in July 1955, and design of the FET facility
was initiated in March 1956. Construction of the facility started
in September 1957 and was essentially completed by July 1959 at a
cost of about $8 million, but the facility was not used. Construc-
tion of ground test facilities at NRTS for the use of P&W was au-
thorized in May 1955. Design work on the facility continued after
cancellation of the weapon system program, but construction was
never initiated. The total cost of the design work was about
$885,000. Between February and August 1956, design work on a run-
way and related facilities at NRTS was completed at a cost of about
$402,000, but the facilities were not constructed. Designs of
other facilities at NRTS were also initiated during the time that
the Weapon System 125-A program was in effect, but the designs were
never used. (See pp. 39 to 53.)

Budgetary and technical considerations

during late 1956

The Air Force Scientific Advisory Board Nuclear Panel on USAF
Aircraft Nuclear Propulsion Program stated in October 1956 that:

"ekk While the present state of the reactor art is
encouraging, it does not conclusively demonstrate that a
useful vehicle can be bullt. #**

) * ' * * x

"We understand that serious consideration is being
given to decreasing the size of the budget, primarily by
eliminating some of the long lead-time items in the pres-
ent plan. This action would, of course, postpone the time
at which vehicles could be available. As we further un-
derstand it, no reduction in reactor effort or other
efforts essential to determination of the feasibility of

Accordingly, the Navy requested funds at various times during 1957
but received nothing untll after the Navy presented study plans
for the Princess program in "=cember 1957. (See pﬁ. 148 and 149.)

Early in 1958 DOD released $s.2 million of the $7.4 million for
this purpose.
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the project is contemplated. We are, therefore, in agree-
ment with such a reduction. ¥**

"We feel that the present plan is too strongly ori-
ented towards achieving operational aircraft at an early
date, at the pussible expenge ol insufficient emphasis on
research and development aspects. This leads to tight
scheduling, insufficlent backup of vital items, such as
the reactor development, and to rigidity in long-range
planning. k¥x!

The Assistant Secretary of Defense, Engineering, recommended

to the Secretary of Defense in October 1956 that:

1. The scope of the nuclear-powered supersonic aircraft sys-
tem be changed to that of a research program, oriented to
realize the radical improvement necessary to make a
nuclear-propelled aircraft system which was a major advance
over a chemically powered aircraft system.

2. All phases auxiliary to the demonstration of reactor feasi-
bility be deferred, i1.e., engines and unessential facili-
ties.

3. As the success of the above research activities warranted,
system studies and engineering feasibility determinations
be made to estaplish whether a nuclear-powered aircraft
would be a major advance over a chemically powered air-
craft.

4. Purther development of a nuclear-powered alrcraft for serv-
ice use be deferred until research, component development,
feasibility, and system studies all indicated concurrence
that nuclear propulsion should be employed.

In December 1950 the Assistant Secretary of Defense, Research

and Development, advised the Secretary of Defense that:

"For some time there has been a growing concern from
both technical and fiscal aspects that the ANP program
must be substantially reoriented. *** It appears now that
the probability of attaining the high performance desired
in the 1254 [Weapon System], in the originally estab-
lished time period 1s almost nil. F**

"#x% In view of both budget and manpower limitations
for research and development, the program for accomplish-
ing a nuclear power=d aircraft should be examined criti-
cally. Accordingly, this Office has been conducting re-
views of the ANP programs of both the Navy and Air Force.
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"It is presently concluded that neither the Navy nor
Alr Force program 1is acceptable, 1In their stead I pro-
pose an alternate program having the lmmediate objective
of providing the technical feasibility of nuclear propul-
sion. The ultimate nature of the Weapon System to which
this type of propulsion is applied should be determined
on the specific requirements and alrcraft capabllities
available at the time the propulsion system has been
proven. This reoriented ANP program should therefore
take the following general form:

"a. The principal effort of the program for the next
several years should be directed to develop and prove the
reactor-engine propulsion system.

"b. Efforts on alrframes should be restricted to gen-
eral feasibllity studies until the above has been accom-
plished, at which time work on a prototype aircraft should
be initiated.

c. A vigorous program should be conducted to obtain
basic Inrormation on shielding problems and the effects
of radiation."

Cancellation of the Weapon System 125-A program

After a meeting of offiecials in DOD and the Bureau of the
Budget with the President of the United States in December 1956,
the Weapon System 125-A program was canceled. In referring to the
cancellation, the Chief, ANPO, stated in July 1959 that:

"Turning now to those mission areas which appear
economically justifiable, in 1955, general operational re-
guirements No. 81 was promulgated by the Air Force. 'This
requirement called for a nuclear-powered strategic system
in which the vehicle would cruise at subsonic speeds on
nuclear power alone, but would be capable of a high-
altitude supersonic dash by augmenting the nuclear thrust
with chemical fuel. A program to meet this requirement
was initiated in weapon systems 125-A. When detailed de-
sign of reactors meeting these requirements were underway,
certaln limitations in the physical properties of avail-
able materials were encountered which resulted in -an unac-
ceptable reduction in predicted system performance. To
be more specific, the predicted dash radius became less
than desired and predicted aircraft weights became greater
than desired. These limitations indicated the need for
further basic materials development (structural, fuel ele-
ment, and moderator materials) before reactors meeting the
criteria of general operation requirement No. 81 could be
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produced. It appeared, therefore, ill advised to continue
a full weapon system development program to meet this re-

quirement until further advances in the reactor art could

be achieved."

GE was informed in a joint letter from the Air Foree and AEC
In February 1957 that the Air Force forecast performance of the GE
nuclear propulsion system did not provide sufficient promise to
justify a continued weapon system program leading toward its use in
the cruise-dash-crulse mission. GE was Informed also that the Air
Force was not prepared at that time to sponsor a weapon system per-
‘mitting reduced propulsion system performance objectives.

During the time that the Weapon System 125-A program was in
force, GE set up and checked out a complete mock-up of the reactor
control system. GE also started a series of Heat Transfer Reactor
Experiments (HTRE)+ at the AEC National Reactor Testing Station.
Initial criticality--first nuclear chain reactor--in HTRE No. 1 had
been achieved in November 1955, and during January 1956 the engine
in HTRE No. 1 was operated on heat supplied exclusively from the
reactor. GE also essentially completed the preliminary design
study on an engine for the Weapon System 125-A program.

Studies by GE during this period on different reactor-engine
configurations for the power plant for the weapon system airplane
led to the conclusion that the one-reactor, two-engine package of-
fered .the best propulsion combination of good thrust-to-weight ra-
tio and features which could be developed adequately with maximum
certainty. The official designation XMA-1 was established for the
initial power plant. The engines for the XMA-1 were designated the
X-211. The propulsion system for one alrplane was to consist of
two XMA power plants. Toward the end of this period, XMA power
plant development was continuing with analytical and experimental
evaluation of the performance of various power plant components.

Convair essentially completed the nuclear test airplane (for-
merly called the shield test airplane, see p. 128). The first
flight of the airplane when the Aircraft Shield Yest Reactor (see
p. 131 ) went critical was made in September 1955, and the first
alrborne experiments were made the following February.Z2

lThe HTRE test assembly consists of a reactor connected to turbojet

engines, together with auxillary systems.

2The nuclear test airplane flight test program was completed with

flight No. 47 in March 1957.
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EXPERIMENTAL DEVELOPMENT PROGRAM--NO FLIGHT
OBJECTIVES~-January 1957-March 1957

The perlod following the cancellation of the WS-125-A program
appears to have been one of uncertainty. The ANP program was re-
oriented to an experimental development program, but long-term ob-
jectives were lacking.

Reorientation

No flight objectives were established for the reoriented pro-
gram. Work on both the indirect and direct cycle propulsion sys-
tems continued, but emphasis was placed on the latter.

The direct cycle was reoriented toward developing a propulsion
system on an extended time schedule with increased emphasis on
higher performance and engineering refinements. The program, as 1n
the past, consisted of the development of materials and components
and a series of reactor experiments. The X-211 engine development
was to be an experimental turbojet development capable of support-
ing requirements of the reactor development program, and no plans
were made to carry the engine to production qualifications.

The work of P&W and the Oak Ridge National Laboratory on the
indirect cycle was reoriented toward developing, on a delayed time
schedule, an aircraft reactor of higher performance than could be
achieved by "across-the-board" application of Aircraft Reactor Test
technology. (See p. 130.)

At the request of the Air Force and AEC, P&W completed prelim-
inary studies of indirect cycle power plant characteristics re-
quired to substantially improve performance of nuclear-powered
weapon systems over that performance offered by the current power
plant designs. P&W stated that it immediately became apparent in
the course of these studies that any significant improvement would
require a reduction in weight of the power plant, which dictated a
single reactor system. To attain this reduction, P&W terminated
work on the twin reactor concept in the beginning of 1957. Work
had been initiated on this concept in mid-1956 when technical dif-
ficulties concerning reactor structural material were encountered
with the single reactor concept.

AEC gave P&W freedom in determining the relative emphasis on
research and component development as between the circulating-fuel
and solid-fuel resctor concepts, with the immediate objective of
selecting one of these concepts for initial reactor construction
and operation. However, fabrication of a reactor was not author-
ized by AEC.

Early in 1957, P&W initiated investigations of high-
performance single reactor turbojet power plants for use in a
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crulse-dash bomber and in an all-nuclear supersonic bomber. These
studiss included both circulating-fuel and solid-fuel reactors.

General support work at the Oak Ridge Natlonal Laboratory con-
tinued.

The Air Force advised Convalr and Lockheed to immediately re-
duce thelir efforts to weapon system design studies and general
radlation effects research.

Review group

The Alr Force Scientiflec Advisory Board reviewed the ANP pro-
gram in January 1957 and recommended less emphasis on engine and
alrframe development and more emphasis on reactor research and de-
velopment.

Program guidance

During February 1957 the Research and Development Subcommittee
of the Joint Congressional Committee on Atomilc Energy advised the
Secretary of the Air Force that the Committee believed it impor-
tant to give the program a definite objective to alm for, a sense
of organized planning beyond fiscal year 1958, and a more effective
administrative organization to lend impetus to the entire effort.
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EXPERIMENTAL, DEVELOPMENT PROGRAM--FLIGHT
OBJECTIVES--April 1957-February 1958

The program was essentially an experimental development pro-
gram but was not fully geared toward flight objectives until near
the end of the period. :

Establishment of flight objectives

Flight objectives were mentioned in April 1957 when the Air
Force replied to the February 1957 letter from the Research and De-
velopment Subcommittee of the Joint Committee on Atomic Energy. In
summary, the Alr Force stated that:

1. The basic objective in the ANP program was the achlevement
of an initial operational capability with nuclear-powered

ctr oot a~ct v Tmrmthamer Arrmd e A maAand AAd T QLA A TQLQ
SceracvegitC pofmeoers duliilg ulie period 1L7y00 LU 1707.

2. Ground test of a prototype direct cycle propulsion system
would occur in 1962 and that first experimental nuclear-

powered flight was then visualized as occurring late in
1963 or in 196k4.

3. Ground test of a prototype indirect cycle propulsion system
was tentatively estimated for 1963 or 196k.

In May 1957 a joint AEC-Air Force letter gave GE guidance per-
taining to the objectives as outlined to the Subcommittee and
stated that, until the program was formally approved, AEC activi-
tles should be gulded by the comments in the letter but that, with
regard to the Air TForce activities, the comments were intended as
guidance for preparation of the GE contract continuation proposal
for the contract year commencing October 1, 1957. GE submitted
various program proposals, but it was not until November 1957 that
one was found to be acceptable at which time the Air Force portion
of the program was reoriented toward flight objectives. (See pp.

54 to 57.)

Various review groups

The Littlewood Groupl issued a report in April 1957 on its re-
view of the ANP program. The report, in part, stated that:

"The aircraft nuclear propulsion program has-been
and continues to be one of the most technically complex
and expensive research and development efforts of the

lAd Hoc Study Group appointed by the Assistant Secretary of Defense
(R&D) to review the ANP program.
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Department of Defense. The Group's investigatlon has
shown instances of needless duplication and lack of firm
decision and direction in the program. It 1s apparent
that there must be strong coordinated supervlsion and
continuous examination of efforts undertaken and results
achleved. Therefore, the Group recommends the prompt es-
tablishment of over-all direction within the Offlce of
the Secretary of Defense for the control and coordination
of the entlre ANP program. The direction should assure
that full consideration 1s gilven to the ANP requlrements
of both the Navy and Alr Force.

"The potential advantages of Inherently unlimited
range and endurance of nuclear-powered aircraft justify
a substantial ANP research and development program cov-
ering all related phases of nuclear-powered flight. How-
ever, the technical problems involved in the development
of an ANP supersonic strategic aircraft delivery system
are of such magnitude that it appears most unwise to plan
on the availlability of such a system for operational use
by any specific date.”

The report stated further that: (1) the development of a subsonic
nuclear aircraft should be the immediate objective of the ANP pro-
gram, (2) there was adequate justificatlon for continuing both the
direct- and Indirect-cycle approaches to the ANP program but that
at that time substantially greater emphasis should be placed on the
direct-cycle approach, (3) in view of the known contamination haz-
ards, ANP test runways should not be constructed at NRTS, Edwards
Alr Force Base, or similar active bases, (4) the facilities planned
or sought for research on radiation effects and shielding appeared
to be considerably in excess of the needs of the proposed ANP pro-
gram, and (5) the Nuclear Aircraft Research Facility at Convair
should be held to current capacity and capabilities and the Georgia
Nuclear Laboratory at Lockheed should be discontinued unless con-
siderations other than the ANP program dictated its continuation.

The Canterbury Boardl concluded in May 1957, in part, that (1)
within the present state of the art, a nuclear-powered aircraft
could not be built to meet the Air Force General Operational Re-
quirement (GOR) No. 81 (see p. 133) and (2) a low-level all-
subsonic weapon system was more feasible than a weapon system with
a high altitude supersonic dash capability. The Board recommended,
among other things, that the ANP program be assigned a stable pro-
gram status for the next 4 or 5 years with major emphasis on reac-
tors.

lA board of officers appoint: by the Alr Research and Development

Command, Alr Force, to evaluate the nuclear alrcraft program.
-
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In June 1957 the Mills Panell reported that the Genersl Opera-
tional Requirement for ANP (GOR No. 81) was not possible within the
present state of the art and should be rewritten to reflect more
realistic objectives. The Panel recommended, among other things,
that GOR No. 81 be modified to provide for a nuclear-powered flight
in a sulitable test aircraft as the immediate objective and that the
reactor program be so oriented as to permit the early fabrication
and flight testing of a prototype propulsion plant by 1962 or 1963,
with the direct cycle being considered for the first nuclear
flight.

Cutback of indirect cyele work

During October 1957, the Air Force and AEC considered the dis-
position of the P&W program as part of the over-all ANP program.
As a result, the AEC work at P&W and the Oak Ridge National Labora-
tory was reduced and the Air Force operating contract at P&W was
terminated.

During the preceding several years, emphasis on the indirect
cycle had been given to the circulating-fuel reactor, with the pri-
mary development effort centered on the Aircraft R=actor Test at
the Osk Ridge National Laboratory. In June 1957, PXW recommended
that, if funding limitations dictate that one of th=z reactor devel-
opment programs be eliminated, no further support be given to a
circulating-fuel reactor. DP&W stated that, based on advances in
materials and coolants technology, the results of design and per-
formance studies indicated the potential performance of the solid-
fuel reactor propulsion systems to be superior to potential per-
formance of circulating-fuel reactor propulsion systems. After
considering the relative merits of the two reactor concepts, AEC
canceled work on the circulating-fuel reactor in October 1957 and
the P&W-ORNL relationship was terminated.

AEC stated that the primary consideration in making a reactor
selection in October 1957 was that the funding level would not sup-
port more than one development effort on the indirect cycle pro-
gram. AEC stated further that it recognized that a calculated risk
was involved regardless of which reactor concept was selected but
that the solid-fuel reactor exhibited certain important advantages
over the circulating-fuel reactor and therefore the solid-fuel re-
actor was the only one of the two reactors that offered a potential
at that time for possible supersonic flight on nuclear power alone,

lAd Hoc Panel of General Officers appointed by the Assistant Deputy

Chief of 3taff, Development, Air Iforce, to review the entire ANP
program.
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A1l work on the Alrcraft Reactor Test was canceled in October
1957. Design, shop drawings, and much of the component testing and
fabrication of the ART had been completed at the time of cancella-
tion. All outside contract work on the facility in which the ART
was to operate had been completed. The ART was placed in standby
condition pending a determination of its usability for other pur-
poses. An Bngineering Test Unit (ETU), the nonnuclear prototype
of the ART, was being fabricated and assembled. This work was also
terminated. About $48 million was spent on the circulating-fuel
reactor by P&W and the Oak Ridge National Laboratory. This in-
cluded operating costs of about $16.7 million for the ART and ETU
and about $1.6 million for the ART facility.

Between August and October 1957, the Air Force withdrew its
support of the work at P&W. The Air Force continued to provide for
capital improvements and abnormal maintenance costs, and AEC pro-
vided for normal maintenance and operating costs of CANEL. ANPO
advised us that the Air Force contract termination was due to en-
gine avallability in other non-ANP work at P&W and that the only
Alr Force work on the ANP program required at P&W at that time to
keep pace with the AEC reactor work was on radiator development
which by agreement between the two agencies was carried on by AEC.
In October 1957, P&W moved the ANP activities to the newly con-
structed Connecticut Aircraft Nuclear Engine Laboratory facilities.

After work on the ART and ETU was terminated, the Oak Ridge
National Laboratory generally directed its efforts in support of
the ANP work at GE and P&W. The major fields of effort were
sheilding, materials research and development, and investigation of
reactor components and of systems designed for nuclear propulsion
of aircraft.

The AEC contract with P&W that was to expire on September 30,
1957, was extended for 3 months--to December 31, 1957--and AEC au-
thorized a limited amount of research and experimentation on the
solid-fuel reactor. On December 13, 1957, the Director of the AEC
Division of Reactor Development requested the AEC General Manager
E; approve an extension of the P&W contract, stating, in part,

at:

"Recognizing that the circumstances which have made
it necessary to defer a positive decision on the Pratt &
Whitney program and contract for the past several months
have had a decidedly adverse effect on contractor prog-
ress and morale, your early action in approving this con-
tract extension will be appreciated.”

In December 1957, the AEC-P&W contract for the continuation of
work on the solid-fuel reactor was extended through September 1960.
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Congressional Subcommittee appeals to the President

In October 1957 the Research and Development Subcommittee,
Joint Committee on Atomic Energy, made a direct appeal to the Pres-
ident of the Unilted States to lend the necessary initiative and
support to the ANP program.l The Subcommittee stated that:

"Recent events including the launching of an earth
satellite by the Soviet Union have lent urgency to the
longstanding need for the United States to develop a
flying capabllity in the fileld of nuclear-propelled air-
craft. ***

"Speaking frankly, Mr., President, the ANP progran
since its inception has suffered from a lack of incen-
tive and initiative on the part of those who have been
charged with the responsibility of conducting the pro-
gram., It has also been characterized by the lack of any
well-defined future objective, including target dates for
completion, and has not had the kind of well-coordinated
and centralized direction which is necessary for the suc-
cessful achievement of such an extremely difficult re-
search and development task.”

Review group on ANP hazards

In November 1957, an Ad Hoc Commlittee on ANP hazards was ap-
pointed by the Deputy Secretary of Defense, in agreement with AEC,
to provide "advice and guidance on the hazards to be anticipated in
the operation of nuclear-powered alrcraft and the measures to be
taken in the public interest in relation thereto." The Committee's
report, issued in December 1957, stated, in part, that during ini-
tial phases of development and testing in time of peace there
should be no nuclear-powered flights over the continental United
otates with the reactor in a condition which would allow the escape
of a significant amount of fission products in the event of a
crash. The report stated further that nuclear-powered flights
should be conducted over the ocean and, therefore, that a coastal
or island base with appropriate exclusion area was considered nec-
essary.

Navy proposed "Princess! program

In December 1957 the Navy proposed a program for developing a
turboprop propulsion system for installation in a British "Prin-
cess' flying boat to meet the national objective of early nuclear

lFor the President's reply in March 1958, see p. 152 and 153.
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flight. The Navy proposal was most unacceptable to the Alr Forcs.
The Alr Force stated that it was not in a position to question the
Navy's requirements for an alrcraft of this type, nor would it be
approprlate for the Alr Force to do soj; but the Secretary of the
Alr Force pointed out to the Deputy Secretary of Defense that:

"The first polnt the Alr Force desires to ralse is
one of timing. The turboprop propulsion system proposed
by the Navy is at the present time a preliminary paper
study only. While the Air Force would not propocge to
question the ability of the contractor, in due course, to
produce such a propulsion system, the system has not
reached a hardware state of development as has the turbo-
jet system. While the Navy has referred to the lower re-
actor power as reflecting an easier and earlier develop-
ment program, the reactor they propose merely requires a
fewer number of fuel passages wilthin the reactor. The
problems of materials, heat transfer, power distribution,
power density, mechanical integrity and controls are of
the same order of magnitude as those confronting the tur-
bojet system. The problem of controls in the turboprop
system is considerably more difficult and complex than
the turbojet system and has not yelt been engineered even
on a preliminary basis. Finally, no test stand or test
facility exists for a nuclear turboprop propulsion system
test."

The Secretary of the Air Force stated also that a portion of the
technical problems cited could be reduced in magnitude by retalning
large core size while operatlng at congiderably reduced power but
that there would be additional radiation problems involved 1n the
Navy approach. The Secretary stated further that it was the Alr
Force's firm conclusion that the only way the turboprop propulsion
system could possibly be brought into being in advance of the tur-
bojet propulsion system was to curtalil or stop the development on
the turbojet propulsion system since the Navy contemplated utillz-
ing the same contractor (GE).

The Alr Force Secretary stated that the Alr Force interposed
no objection to the Navy proposal provided the Navy funded its own
program and employed a separate propulsion system contractor, such
as P&W, or utllized GE capability on a nonpriority basils without
interference with the GE turbojet development.

To finance additional studies of the "Princess" programs, DOD
released $3.2 million of the $7.4 million that had been withheld.
(See pp. 137 and 138.)

Alr Force recommended accelerated
program leading to early flight

In December 1957 the Secretary of the Alr Force advised the
Deputy Secretary of Defense that: 149
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"The Alr Force urges that the Department of Defense
strongly recommend to the President that approval be
glven to accelerate the Air Force ANP Program leading to
early nuclear flight in a KC-135 or similar type alrcraft
using the XMA turbojet propulsion system to: (a) Meet
the Air Force requirements, (b) to achieve the national
objective of early nuclear flight."

The Secretary also stated that the Alr Force had not defined
explicitly the military characteristics of the manned bombardment
weapon system, as to whether it would be high altitude supersonic,
subsonic low-level bombardment, or missile-launching aircraft; nor
did the Air Force believe it expedient to do so until the perform-
ance, shield, and weight characteristics of a nuclear propulsion
system could be more accurately defined. The Secretary stated that
it was mandatory, however, that the Alr Force nuclear propulsion
system employ turbojet machinery for high subsonic speed and super-
sonlc potential for maximum flexibility in the selection and opera-
tion of a manned strategic bombardment weapon system.

Accelerated program under consideration

In January 1958, DOD advised the Research and Development Sub-
committee, Joint Committee on Atomic FEnergy, that consideration was
being given to an accelerated program aimed at the early develop-
ment of a nuclear aircraft. ©Shortly thereafter, the Subcommittee
was advised that DOD was awaiting a review of an advisory committee
appointed by Dr. James R. Killian, Jr., Special Assistant to the
President,l before submitting recommendations to the President and
that no action would be taken until completion of the review.

Air Force cites urgent need for ANP plane

Early in February 1953 the Air Force advised DOD that the Ailr
FPorce had a firm requirement for a high-performance nuclear turbo-
jet system and that such a system could also satisfy the Navy's
long-range, high-speed, attack seaplane requirement. The Air Force
strongly recommended that the nuclear turbojet system development
proceed immedlately on an accelerated basis to provide an early
flight demonstration and that the Air Force develop a new, subsonic
experimental nuclear-powered aircraft.

lDr. Killian appointed Dr. Robert F. Bacher as chairman of this
committee in January 1958. The group was later reconstituted as
the Department of Defense Ad Hoc Panel on Manned Nuclear Aircraft.
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Review group disfavored accelerated program

Late in February 1958, the DOD Ad Hoc Panel on Manned Nuclear
Alrcraft submitted its views concerning the status and plans for
the ANP program. The Panel agreed wlth the Canterbury Board (see
p. 145) that within the present state of the art a nuclear-powered
alrcraft could not be built to meet the Alr Force General Opera-
tional Requirement No. 81. They concluded, in part, that accom-
plishment of the proposed accelerated Alr Force program schedule
for first experimental flight in January 1962 using the direct
cycle was very doubtful and recommended that major efforts be di-
rected toward developing a reliable, high-temperature reactor suit-
able for flying. They recommended also that nelther the Alir Force
nor the Navy accelerated program for early flight be implemented
at that time.

Accelerated program disapproved

After a meeting with DOD and AEC officials, the President of
the United States decided in February 1958 that an accelerated
flight program would detract from the goal of achleving militarily
useful aircraft and disapproved early flight proposals.

Other activities during period
(April 1957-February 1958)

The major effort of GE during this perilod was on developing
the XMA power plant and on conducting HTRE testsl at the AEC Na-
tional Reactor Testing Station. Experimental and analytical evalu-~
ations of the design and performance of components for the first
prototype of the power plant were made by GE.

Early in 1958, GE made an evaluation of a direct cycle
nuclear-turbojet propulsion system proposed in a book published in
the Soviet Union. The evaluation disclosed that the data appeared
to be realistlic and self-consistent but that there was no evidence
indicating that the Soviet power plant was actually under develop-
ment. Also early in 1958, the first chemical test operation of the
engine (X-211) was performed.

During July and August 1957, HTRE No. 2 experiments were con-
ducted. HTRE No. 2 further substantiated HTRE No. 1 experiment re-
sults and permitted the testing as inserts of full-size, advanced
fuel elements, moderators, and structural components.

At the end of this perlod P&W was continuing its efforts on
the solid-fuel reactor. The ultimate objective of the work was ths
engineering deslgn and development of reactors sultable for use in
an advanced alrcraft propulsion system.

lFor definition, see footnote 1, p, 141,
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DEVELOPMENT PROGRAM-~FLIGHT OBJECTIVE
IN MILITARTILY USEFUL AIRCRAFT--
March 1958-October 1958

The major difference in the objective during this period and
the objective during the preceding period appeared to be the desig-
nation of a subsonic airecratt.

Reorientation

The policy of the tresident ol the United States, with respect
to developing the nuclear plane, was summarized by ANPO in March
1958 as follows:

"The objective of the ANP program is the early
achievement of an operation.l military aircraft as op-
posed to an -~arly nuclear tlight demonstration having no
military utility. DNotwithstanding the importance of both
of these objectives, they were believed to be conflicting
in that the latter course would divert effort from attack-
ing fundamental problems that must be solved in achleving
a militarily important aircraft. Since the reed for a
high priority military aircraft was considered to over-
ride the significance of a nuclear flight demcnstration,
the program will continue to go forward as rapidly as it
effectively can, placing major emphasis on basic problem
areas such as materials and reactor development which
must be resolved in achieving an operational capability.
Developments in the program will be followed very closely
in order to capitalize to the greatest possible extent
on progress as it is achieved."

ANPO advised GE in March 1958 that the program objectives were
defined as the earliest possible achievement of a prototype propul-
sion system for application to a low-level subsonic mission. The
fundamental steps or milestones toward achieving this objective
were further defined as the early nuclear ground testing of the
first XMA propulsion system followed as closely as possible by the
initiation of flight development testing of the XMA system. In
July 1958, GE presented its revised program to ANPO and the reori-
ented program got underway.

The President revlied to congressional subcommittee

In March 1958 the President replied to the appeal made in Oc-
tober 1957 by the Research and Development Subcommittee, Joint Com-
mittee on Atomic Energy. (See p. 148.) The President, in addition
to expressing his current policy with respect to the development of
the nuclear-powered aircraft, stated that:
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"You also stressed the need for well-deflned future
objectlives and completlon target dates. The development
of a nuclear propelled alrcraft capable of military mis-
sions has aglways been the prime goal of this program.
This objective 1s clearly understood by all engaged on
the project. Because the program requires development
of new materials and techniques beyond the present state
of knowledge, the specifylng of dates for completion of
these endeavors must be somewhat arbltrary and therefore
may be unrealistic.”

Navy particlpation at P&W

The Navy awarded a study contract to P&W in April 1958 for
the preparation of reports on prellminary power plant characterls-
tics of several nuclear propulsilon systems and on the sultabllity
of specific alrcraft nuclear propulsion systems for application to
military missions. The contract authorized P&W to use the Connect-
leut Aircraft Nuclear Engine Laboratory for this work on a no-
charge-for-use basis.

Strategic Alr Command proposed CAMAL

In June 1998 the Strategic Air Command proposed an operational
requirement for a Continucusly Airborne Missile-Launcher and Low-
Level Weapon System (CAMAL). (See p. 155.)

Competition for development of system
to meet CAMAL reguirements

During August 1958 the Air Force awarded contracts to both
Convair and Lockheed. After performing the work outlined in the
contracts, the contractors were expected to propose to the Air
Force a development program for two aircraft together with the
technical management approaches, known solutions, and procedures
considered necessary to accomplish the ANP development objectives
through 2 years of nuclear flight test. These development aircraft
were to be prototype vehicles of an airborne alert, missile-
launcher, and low altitude penetration weapon system (CAMAL) for
the Strategic Air Command in the 1965-75 time perlod. After the
Air Force evaluation of the proposals, one contractor was to be se-
lected for developing a system to meet the CAMAL requirement. In
October 1958, Headquarters, United States Air Force established a
requirement for the CAMAL mission. (See p. 155.)

The contractors completed their work about October 1958 and

the following month presented thelr briefings to the Air Force.
The Air Force did not announce that Convalr was the winner of the
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competition until March 1959. (See p. 158.) Convair received a
contract to work with GE on an initial design of a nuclear-powered
bomber prototypes; however, it did not receive approval for the air-
plane development program. The CAMAL program was phased out in
July 1959 when the ANP program reverted to a research and develop-
ment program.

Secretary of Defense did not support
the "Princess! Program

The Navy conducted detailed studies of the "Princess" program,
under contracts with GE, P&W, Convair, Saunders Roe, and the Martin
Company, during the time the ANP program was directed toward the
development of a subsonic airplane. In October 1958 the Navy reaf-
firmed its position on the "Princess" program (see pp. 148 and 149)
and advised the Secretary of Defense that recent studies confirmed
the feasibility and desirability of utilizing the "Princess'" sea-
plane for the purpose of an 1nitial development aircraft effort.
The Navy considered an early flight aircraft development program
essential in achieving long-range ANP objectives and proposed that
a program of this type be initiated immediately. The Navy esti-
mated that the program could be completed through nuclear flight
test over a period of 5 years and that the total cest would be
about $200 million, including AEC costs of about $7% million.

Since no formal reply was received by the Navy, the Secretary
of Defense apparently did not support the Navy proposal for the
"Princess' program.

Other activities during period
(March 1958-0October 1953)

During this period GE continued work on the XMA power plant
and on the HTRE tests.l 1In support of GE's activities, Convair
conducted shielding materials tests and developed more adequate
techniques for integrated aircraft shield system design.

Low power testing of HTRE No. 3 started during this period.
This HTRE, unlike the two previous HTREs, employed a horizontal
configuration as would be required for flight purposes.

During this period, P&W continued studies of power plants for
supersonic bombers. A critical experiment designed to define the
nuclear characteristics of a 10-megawatt solid-fuel reactor (lith-
ium cooled) was performed in October 1958. Investigation contin-
ued on design and testing of other components external to the reac-
tor.

Tror definition, see footnote 1, p. 1hl.
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limitations precluded parallel major testing and large-scale hard-
ware developing of more than one type of advance core, and the me-
tallic core could be ground tested earlier than the ceramic core.

During the period when the.ANP program was geared to a devel-
opment effort for CAMAL, P&W continued its studies of nuclear power
plants for supersonic bombers and studies were made on power plants
for a low-level missile. Power plant and missile studies were ex-
panded to include the application of these power plants to a high
subsonic speed, low-level bomber and missile launcher.

Air Force requested funds for expanded progran

The Air Force submitted its fiscal year 1960 budget program to
DOD in October 1958. A total of $146.7 million was requested to
support an expanded ANP development program leading to nuclear
flight testing, consisting of $101.5 million for expanding the pro-
pulsion effort to include flight qualification of the direct cycle
XMA power plant and $45.2 million for initiating development and
fabrication of two experimental flight test airplanes and initiat-
ing a reactor test facility at the Connecticut Aircraft Nuclear En-
gine Laboratory.

Department of Defense disapproved expanded program

After DOD reviewed the budget between October 1 and Novem-
ber 27, 1958, program expansion to include flight testing was dis-
approved and program objectives were restricted to reactor develop-
ment with enough turbomachinery and other support work consistent
with such objectives. The funding level for the Air Force was es-
tablished at $75 million for fiscal year 1960.

Status of program early in 1959

In January 1959 representatives of DOD, Air Force, Navy, and
AEC testified on the status of the ANP program before the Joint
Committee on Atomic Energy. The Committee was informed that both
the Air Force and the Navy had established requirements for
nuclear-propelled aircraft. Representatives of both Air Force and
AEC stated that their agencies recommended increases in their 1960
funds for a flight program but the recommendations were not ap-
proved. The Chief, ANPO, estimated that budget cutbacks would re-
sult in a delay of about 1 year in achieving a ground test proto-
type and confirmed that no decision had yet been taken on a flying
program.

The Secretary of the Navy advised the Secretary of Defense in
January 1959 that, in recognition of the long-range potential of
the indirect cycle system and its relative development status in
comparison with the direct cycle system, the Navy was willing and
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ready to concentrate 1ts current ANP efforts on a Joint AEC-Navy
nuclear propulsion system development program with P&W at the Con-
necticut Aircraft Nuclear Engline Laboratory. The Secretary of the
Navy stated further that arrangements had been made with P&W to im-
plement the initial phase of this program in 1959 and that the Navy
was prepared to provide necessary fiscal support.

Joint Committee on Atomic Energy criticized program

After a series of hearings in executive session by the Re-
search and Development Subcommittee of the Joint Committee on
Atomic Energy,l the Joint Committee released certain information in
February 1959 regarding holdups in the ANP program and the need for
a greatver level of support for the ANP program. The committee com-
mented that:

"The results of these hearings have left us gravely
concerned, both from the point ol view of our national
security and from the standpoint of world confidence in
America's scientific capabilities.

"After twelve long years of effort, during which
time substantial technical progress has been made by our
hardworking scientists and engineers in the field, we
find this almost incredible situation:

"l. The program still has no firm set of objec-
tives looking toward the development of a nuclear
propelled alrcraft;

"2. No decision has been made regarding actual
nuclear flight and no target dates have been set for
such flight;

"3. Recommendations of the project director as
to funding levels required to get the job done have
been virtually ignored;

"L, It is authoritatively estimated that cuts
in proposed funding levels for the program in Fiscal
1960 will delay the achievement of a ground test pro-
totype for an additional year and will thereby delay
achievement of nuclear flight for at least that pe-
riod of timej

1Witnesses at the hearing included the Deputy Secretary of Defense,
the Secretary of the Air Force, the Secretary of the Navy, members
of the Atomic Energy Commisc . on, and the Chief, ANPO.
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"5, Administrative indecision at high levels
and inter-service rivalries have plagued the program
from the start and have rendered a great disservice
to the nation;

"6. No less than seven advisory committees have
been set up in the past decade to review the program,
including the so-called Killian Committee, and yet
the contractors in the field still have no clear
guidance as to where they stand or where the program
is going;

"7. The annual expenditure of $150 million for
the ANP program as a holding operation to avoid dif-
ficult technical and administrative decisions which
mist be made to lend clearcut direction to the pro-
gram is a completely indefensible use of the tax-
payers' money;

"8. The Air Force and the Navy, after due con-
sideration by their expert military advisers, have
established firm requirements for nuclear propelled
aircraft. The Air Force and AEC both recommended an
increase in their own fiscal 1960 budgets for the
program to back up these requirements, but have been
turned down.™"

Convalr won design competition

As a resultof design competition between Convair and Lockheed,
initiated under contracts awarded in August 1958 (see pv. 153 and
154), the Air Force in March 1959 announced the selection of
Convair. Convair was to work with GE in the initial design of a
nuclear-powered bomber prototype. The selection did not imply im-
mediate implementation of an airframe fabrication program nor did
it imply approval of the development airplane program.

Lockheed was to continue limited design work on a nuclear-
powered airplane and to operate the Georgia Nuclear Laboratory for
radiation effects experiments in support of the over-all nuclear
propulsion program.

Navy initiated development work
on _indirect cycle propulsion system

In March 1959 the Navy informed the Air Force that the Navy
was contemplating sup:.orting an aircraft nuclear propulsion compo-
nent development program with P&W, but that performance of the pro-
posed program was subject to Air Force approval of the use of the
Connecticut Aircraft Muclear Fngine [aboratory facility. Accord-
ingly, the Navy requested approval for the use of the facility in
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carrying out 1ts proposed program. The Air Force replied in March
1959 that it would be impractical to comment either affirmatively
or negatively to the request but that 1t would gilve the matter
prompt constructive consideration. The Air Force pointed out that
research accomplishments of P&W had progressed more rapidly than
anticipated and stated that it was currently reviewing the impact
of the accelerated progress. The Alr Force pointed out also that
the terms of its facilities contract with P&W restricted utiliza-
tion of the CANEL site and facility to that for which the facility
was established and that other usage was to be authorized only to
the extent that there would be no interference with the basic ob-
Jectives of the facility.

Ir. March 1959, DOD advised AEC that it had approved Navy's di-
rect participation in developing an indirect cycle system for tur-
boprop application, subject to such arrangements as were necessary
to insure resolution of any conflicting interests which might arise
in the Jjoint use of governmental and contractor facilities and to
insure maximum efficiency in the utilization of funds and person-
nel. However, DOD advised the Air Force and the Navy during April
1959 that implementation of the initial phase of the Navy program
through application of fiscal year 1959 funds had been held up
pending determination of the feasibility of the joint use of the
Connecticut Aircraft Nuclear Engine Laboratory facilities in the
prosecution of Air Force and Navy programs, which appeared to have
basically different objectives. ANPO stated that there was a dif-
ference between the Navy and Air Force indirect cycle requirements
in that the Navy low psrformance reactor would use sodium, while
the Air Force requirements called for higher performance based on a
lithium heat transfer system. ANPO stated further that these two
different subsystems would require different development programs
and test facilities, necessitating program and facility capability
review prior to agreement on the acceptability of conducting both
programs at CANEL. DOD stated in April 1959 that it was infeasible
to establish at that time a -firm program extending through experi-
mental reactor and prototype propulsion plant development because
such a course of action would require a change in the basic ANP ob-
Jective approved by the President of the United States. DOD stated
further that a decision had not been reached, from the standpoint
of public safety, as to the feasibility of constructing either an .
experimental or a prototype reactor at the Connecticut Aircraft Nu-
clear Engine Laboratory nor had formal AEC agreement to undertake
the development of either reactor been obtained. Pending a resolu-
tion of the above matters, DOD requested that, in order for the
first phase of the Navy program to be initiated without delay, the
Air Force and Navy cooperate in developing plans and making suit-
able arrangements for the proposed use of the facility.

ANPO agreed in June 1959 to make the Connecticut Aircraft Wu-

clear Engine Laboratory available to P&W for development work of
the Navy, provided that, amon., other things, priority would be
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given to development work of interest to the Air Force. A lithium-
cooled reactor experiment was considered by ANPO as the initial re-
actor development step leading toward the Air Force objectives.
ANPO stated that, should DOD and AEC approve development of an in-
termediate power indirect cycle propulsion system of Naval applica-
tion, this would be considered as contributory to the present high-
performance objJective of the Air Force, provided a lithium-cooled
reactor was utilized.

In June 1959 the Navy amended the study contract that had been
awarded to P&W in April 1958. The purpose of the Navy study con-
tract as amended was to carry on generalized development of those
propulsion components external to the reactor shield assembly in
parallel with the AEC-supported development of the reactor.

Prospects for direct cvecle propulsion sysitem

In April 1959 GE stated that studies indicated that the basic
XMA-1 power plant was suitable for the CAMAL mission. Studies by
both Convair and Lockheed on the CAMAL airplane based on design ob-
jectives for the xMa-1cl power plant indicated the possibility of
attaining such an airplane. GE proposed that, after the airplane
had been checked out on chemical power plants, the XMA-1A2 would
first be tested, to be followed by testing of the XMA-1C power
plant.

On June 19, 1959, the General Advisory Committee3 reported
that:

lExpected to use an advance fuel element of iron-chrome-aluminum or

a ceramic material. The turbine inlet temperature was expected to
be 17000 F., producing about HZ,OOO pounds of thrust at static sea
level conditions.

2Planned to operate with nichrome fuel elements at a turbine inlet
temperature of about 1500° F, producing about 26,000 pounds of
thrust at static sea level conditions. As a consequence of a pro-
gram reorientation in July 1959, work on the XMA-1A powerplant was
canceled in August 1959.

3Established by the Atomic Energy Act of 1946, as amended (42 U.S.C.
2036), composed of nine members appointed from civilian life by
the President of the United States to advise the AEC on scientific
and technical matters relating to materials, production, and re-
search and development.
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"The work by General [Flectric has now reached the
point where it appears likely that fuel elements can be
developed which will be capable of making the performance
of the direct cycle reactor high enough to be useful for
propulsion of military alrcraft. .

"If the Department of Defense is in favor of pro-
ceeding with this system, then the Reactor Subcommittee
recommends that the necessary steps be taken to develop
the XMA powerplants by General Electric and these steps
include provision for flight testing and demonstration of
these propulsion systems as proposed by General Electric
and Convair."

Guidance from Joint Chiefs of Staff

DOD received guidance from the Joint Chiefs of Staff on
June 19, 1959. The Deputy Secretary of Defense summarized the
guidance as follows:

"Briefly stated, the Joint Chiefs of Staff expressed
their conviction that there is considerable military po-
tential in the nuclear-powered aircraft and trat early
achievement of the capability for nuclear flignt would be
in the national interest. They stated, however, that
they were unable at this time to establish a military re-
quirement for nuclear-powered aircraft or to define the
specific weapons system for which it would be used. With
respect to the future course of the development program
the Joint Chiefs of Staff advised that the present pro-
gram should be extended to include flight test as soon as
technically feasible. The test vehicle selected should
be capable of testing any of the engines that may be de-
veloped and the program should enable the application of
advances of reactor technology as they occur."
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R&D PROGRAM WITH PRIMARY EMPHASTS ON
HIGH-PERFORMANCE REACTORS--July 1999-March 1961

During this final period, the ANP program was on an R&D
effort, with primary emphasis on high-performance reactors. The
work on the direct and indirect cycles was directed toward major
reactor experiments in the 1962-63 time period. At the conclusion
of these experiments, one of the cycles was expected to be selected
for further development and to be continued through a flight-test
phase.

Reorientation initiated

On July 7, 1959, the Director of Defense, Research and Engi-
neering (DDR&E),l advised AEC that DDR&E had completed a review of
ANPO's proposal for expanding the ANP program to include early
flight of the direct cycle XMA-1 power plant and of the various
proposals to augment the indirect cycle work. DDR&E's conclusions
were as follows:

"1. In generalj

(a) There should be no specific flight program prepa-
ration at this time, and

(b) The indirect cycle work should probably be ex-
panded to a greater extent than heretofore pro-
posed.

"2. In particular; we should

(1) Emphasize the development of only such reactors
(including other critical components such as heat
exchangers, shields, etc.) as would be suitable
for heating air to high enough temperatures to
give useful military performance. This should
hold for both the DAC (direct air cycle) and IDC
(indirect cyecle) versions.

(2) Continue the development of only such turbo ma-
chinery as may be necessary to establish the fea-
sibility of nuclear propelled aircraft.

1The principal adviser and staff assistant to the Secretary of De-
fense in the functional fields of scientific and technical mat-
ters; basic and applied researchj; research, development, test, and
evaluation of weapons, weapons systems, and defense materialj and
design and engineering for suitabllity, producibillity, reliabil-
ity, maintainability, and ma.arials conservation. He supervises
all research and engineering activities in the Department of Defense.
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(3) Defer plans for flight until:

a. One of the advanced power plants 1s established as
definitely feasible and potentially useful, and

b. Until a flight program can be instituted without
seriously interfering with the development of one
of the advanced reactors. We believe that an
early flight program at this time will seriously
impede progress in functional reactor problems and
may delay the final accomplishment of a useful nu-
clear airplane."

The DDR&E also requested the Air Force, with Navy participa-
tion, to work out with AEC a plan to implement the program along
the lines indicated above.

On July 7, 1959, DDR&E forwarded its conclusions to the Deputy
Secretary of Defense, the Secretary of the Air Force, the Secretary
of the Navy, and the Chairman of the Military Liaison Committeel
and stated that:

"In our opinion, no possible (within reason) ANP de-
velopment program can lead to an operational capability
which the military could depend on for important and use-
ful missions before approximately 1970. Since no one can
foresee what the military situation will be at that time,
it is not possible to describe in any detail what ANP
will be used for, although a number of disparate possi-
bilities, including CAMAL, logistics, and ASW or AEW/C
surveillance, have been proposed. Similarly it is not
possible to 'prove' as is sometimes attempted, by means
of cost effectiveness studies based on present require-
ments, that ANP is not useful. A recent paper of the
Joint Chiefs of Staff, dated 19 June 1959, solidly sup-
ports this view, and states that while no definite mili-~
tary requirement can be stated at this time, the contin-
ued development of ANP is considered as very important
and potentially very useful.

* : * * * *
"It is our view that during most of the last 13 years

and the expenditure of most of the $900 million, the ANP
program has been characterized by attempts to find short

—

1ror explanation, see footnote 1, p. 59.
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cuts to early flight and by brute force and expensive ap-
proaches to the problem. Thus we find that only a rela-
tively very small fraction of the funds and energies ap-
plied to this program has gone into trying to develop a
reactor with a potentially high performance. Most of the
resources have been applied to attempts to develop mate-
rials which could 'fly soonest'; to develop turbine ma-
chinery; to build facilities, many of which would only be
needed in support of a flight program; to conduct experi-
ments on the radiation resistance of tires, oils, insula-
tion, electronic components, etc; and to develop new com-
poneints for use in the unique environment which would be
encountered only in the divided-shield situation as found
in CAMAL and the old WS-125A. As a result of this ap-
proach to the problem we are still at least four years
away from achieving flight with a reactor-engine combina-
tion *** which can just barely fly. We regard the ANPO
proposal as being nothing more than an extension of the
past philosophy into the future. ***

P&W initiated reactor development program

The program reorientation did not significantly change the di-
rection of the effort on the indirect cycle program, but increased
emphasis was to be placed on that program. AEC authorized P&W to
initiate in October 1959 an experimental high-power, high-tempera-
ture reactor program utilizing a solid-fuel (lithium cooled) reac-
tor to be operated_at the Connecticut Aircraft Nuclear Engine Labo-
ratory facilities.l Plans were to operate this reactor at full
temperature but at lower power (10 mw) as a component test leading
to a subsequent integrated fuel power test of a propulsion system.
That reactor program was under consideration, however, prior to the
program reorientation and was rejustified under the reoriented pro-
gram, Construction of the reactor was intended to determine the
feasibility of developing high-temperature reactors (lithium
cooled) for application to a variety of possible nuclear propulsion
systems. The reactor experiment was scheduled for the first part
of 1963. This was the first reactor to be built and operated by
P&W after it began work on the ANP program in 1951, although it had
participated at the Oak Ridge National Laboratory in the Aircraft
Reactor Test that was canceled in October 1957.

1In November 1959, AEC decided to conduct this reactor experiment
at the AEC National Reactor Testing Station instead of the Con-
necticut Aircraft Nuclear Engine Laboratory.
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Review group recommended initiation of
flilght test program and permanent review group

The ANP Ad Hoc Committee, Air Force Scientific Advisory
Board,l issued a report on July 17, 1959, based on a review of the
ANP program during June 1959. The committee recommended the initi-
ation of a study of a test-bed aircraft for flight test purposes
compatible with the direct and indirect cycle systems, The commit-
tee pointed out that the earliest flight test could be made in
about 1964 by using the direct cycle system, with marginal nuclear
flight performance. The committee pointed out also that the ANP
program management might benefit from the services of a permanent
"Technical Advisory Board" with responsibility for periodic review
and advice to the Air Force on the conduct of the program. The
committee stated that the contractors should be shielded from the
narassment of continual reviews by new temporary committees and in-

vestigating bodles and tnat the field was too complicated for bene-
Tit To be derived from the inevitable superficiality of such brief
contacts.

ccint Committee on Atomic Enersy held

Tublic hearings on ANP progran

Puplic hearings on the ANP program were held for the first
time by trne Research and Development Subcommittee of the Joint Com-
rittee on Atomic Energy on July 23, 1959. These hearings culmi-
rated 1l years of consideration and discussion of the ANP progranm
oy <he Joint Committee in closed hearings. During these years the
coint Committee lent its active support to this vroject in recogni-
tion of the vital potential of nuclear energy for aircraft propul-
sion. A major point of controversy during the hearings was the
Guestion of so-called early flight. Proponents of the early flight
concept pointed out that historically aviation development has oc-
currea on a step-by-step basis and that, to begin with, prototype
aircralt are always limited-performance vehicles. Advocating this
aporoach were tvhe Chief, ANPO, the Chief of Staff of the Air Force,
the Chairman of AEC, the General Advisory Committee,2 and the Gen-
eral Electric Company. Those opposing the early flight concept
were principally the Deputy Secretary of Defense and the Director
o7 Defense Research and Engineering. The Deputy Secretary of De-
Yense, in referring to conclusions of a study by the DOD Weapons

lror explanation, see footnote 2, p. 127,
2For explanation, see footnote 3, p. 160.

3For explanation, see footnote, p. 162,
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Systems Evaluation Group, stated that nuclear-propelled aircraft
did not offer a substantial margin of improvement over chemically
fueled aircraft. He added that propulslon systems constructed of
materials that were essentially at hand at that time would fall
short of chemically fueled systems of competitors. DDR&E expressed
the view that an aircraft with a propulsion system utilizing avail-
able materials could not be a militarily useful vehicle and the
particular power plant involved would have little or no growth po-
tential. The Assistant Secretary of the Air Force for Material
stated that budgetary considerations had played a substantial role
in the decision not to proceed with a flight program at this time
and that consideration of the availability of funds from the 1961
budget also influenced this decision. The Joint Committee stated
that it was in the national interest to achieve nuclear flight as
early as possible, not only to meet stated military requirements,
but also to provide a boost to world confidence in America's scien-
tific capabilities. The Joint Committee stated also that it was
clear from the hearings and the history of the ANP project since
its inception that there had been a lack of concrete objectives and
target dates either for a ground test prototype propulsion system
or for early flight. The Joint Committee pointed out the need for
concrete objectives and firm target dates and a need to strengthen
program direction. With respect to a possible alternative, the
Joint Committee stated:

"In view of statements by Department of Defense rep-
resentatives that there is at present no general operat-
ing requirement by the Defense Establishment for a nuclear-
propelled aircraft, and that the program, as it is pres-
ently constituted, is basically a research and development
effort, the Congress may wish to consider the desirability
of placing primary authority and responsibility for the
conduct of the ANP program in the Atomic Energy Commis-
sion, which is well equipped to carry the program forward
as a development effort through the flight feasibility
and demonstration stage. Present cooperation with the
Defense Department would be continued, under such an ar-
rangement, but the primary emphasis of the program would
be upon the development of a ground test prototype pro-
pulsion system and the flight testing of such a propul-
sion system in an experimental aircraft. Such an approach
in the committee's opinion should prove out the feasibil-
ity of nuclear flight and would provide the basis for a
judgment by the Defense Department on firm military re-
quirements for a nuclear-propelled aircraft.m
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Department of Defense provided interim guidance
to Alr Force and Navy and suggested establishment

of review group

On August 13, 1959, DDR&E provided the Air Force and the Navy
with interim guidance for the ANP-program and proposed establish-
ing, at the DOD level, an ANP Ad Hoc Advisory Group for the purpose
of refining the interim guidance, establishing long-term objectives
of the program, and advising DDR&E of the program status. DDR&RE
stated that, until further refinement of the objectives of the ANP
program could be made, the objectives of both the direct cycle and
the indirect cycle programs should be to develop a power plant
which could be used (either singly or in coubination) to fly a
plane similar to the Convair model 54% design (later designated the
NX-2 airplane) at a speed of between Mach 0.8 and 0.9 at an alti-
tude of about 35,000 feet, which would have a potential 1ife of
about 1,000 hours under these conditions. The monies programed by
both the Air Force and the Navy were to be used for accomplishing
these objectives. Inasmuch as the Air Force's and the Navy's ob-
jectives had not as yet been reconciled, the proposed Ad Hoc group
was to find some way to include the Navy's objective of achieving a
nuclear turboprop or turbofan power plant within the indirect cycle
program but without creating dual development efforts, at least
during the next few years, in such matters as reactor power levels
and basic heat exchangers.

On September 9, 1959, DDR&E advised AEC that the Air Force and
the Navy had been furnished with interim guidance and that it would
be appreciated if AEC would accept this as the initial objective of
the program. No target dates were indicated.

Need for the Georgia Nuclear Laboratory questioned

ANPO advised the Air Research and Development Command (ARDC)
on August 13, 1959, that, in view of current DOD guidance and the
disapproval of a flight development program for the immediate fu-
ture, the necessity and the desirability of continuing to operate
the Georgia Nuclear Laboratory (GNL) with manned ANP funds had been
reevaluated, ARDC was advised by ANPO that it had been determined
that GNL could not be supported at previously planned levels and
that, except for a complete check-out of the Radiation Effects Re-
actor at the 10-megawatt level, subsequent support which could be
expected from the ANP program would be very minimal until such time
as a full-scale flight development program was approved. ANPO
stated that, if ARDC's internal program coupled with those of other
Government agencies and/or industrial efforts was not sufficient to
fund and to justify continuation of the GNL operation, appropriate
action would be taken to terminate the contract and close the fa-
cility.
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ARC cited plans for fiscal vyear 1960

In a September 1959 letter to DDR&E, AEC summarized the gen-
eral status of actions toward resolution and finalization of the
ANP program for fiscal year 1960. AEC stated that (1) primary ef-
forts would be placed on reactors having higher performance than
that indicated for the XMA-1Al power plant, (2) work on advanced
fuel elements and moderators would be accelerated with primary em-
phasls on ceramics, and (3)_the direct cycle program would be re-
oriented toward the XMA-1C.l AEC stated further that the cur-
rently planned program at P&W for fiscal year 1960, containing a
10-megawatt experimental reactor as an initial feasibility step to
higher power production, probably should not be increased to any
appreciable degree. AEC stated also that i1t had taken note of
DDR&E 's memorandum of August 13, 1959, to the Navy and the Air
Force and that the Commission considered that at that time a state-
ment of some definitive objective was of great ilmportance.

Decision of AEC concerning the AEC National Reactor
Testing Station as flight-test base made known

In September 1959, AEC informed the Joint Committee on Atomilc
Energy and DDR&E that the AEC Commissioners had unanlmously decided
that the AEC National Reactor Testing Station (NRTS) was not to be
used for an ANP flight-test base. The AEC Commlssioners had de-
cided in December 1958 that neither NRTS nor any other AEC instal-
lation was to be used for an ANP flight-test site.

The September 1959 letter to DDR&E was in reply to a July 1957
request from the Military Liaison Committee (MLC) that a decision
should be made at an early date concerning the selection of a loca-
tion for a runway suitable for testing the initial nuclear-powered
aircraft. In the July 1957 letter, MLC stated that the Air Force-
AEC agreement of June 1952 provided that flight-test facilities for
initial nuclear flight testing would be constructed at NRTS. The
letter stated also that congressional authorization had been ob-
tained for the flight-test runway and that architectural and engi-
neering work for the runway had been completed. The letter pointed
out that a declsion to locate the facilities at a site other than
NRTS would necessitate further studies, would entail an appreciable
additional expenditure of funds, and would probably delay the date
upon which initial nuclear flight testing could be contemplated.

A review group in April 1957 had stated that ANP test runways
should not be constructed at NRTS (see pp. 1M4+and 145), and another

tror explanation of XMA-1A and XMA-1C power plants, see footnotes 1
and 2, p. 160,
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review group in December 1957 had stated that a costal or 1sland
base was considered necessary for a flight-test base. (See

p. 148.)

Reorientation of activities at Convair and Lockheed

The Air Force interim guidance in September 1959 provided
that, because the redirection of efforts on the propulsion systems
eliminated the requirement for initiation of airframe construction
for 1 or more years, (1) the current design effort at Convair
should continue to review and refine the design of the Convair
model 54 airplane to be applicable to both the direct and indirect
cycle power plants, (2) the nuclear support activities at Convair
should be continued, (3) Lockheed's design efforts should be termi-
nated at the completion of the contract period (September 30,
1959), and (4) the nuclear support contract of Lockheed should be
renewed for a period of only 6 months.

AEC requested clarification of program obijectives

With reference to DDR&E's interim guidance of September 9,
1959 (see p. 167), AEC made the following request of DDR&E in Octo-
ber 1959:

"To assist us in our program planning, clarification
is requested as to whether it is intended that each of
these programs develop separate power plants to satisfy
the singular aircraft performance objective or whether it
1s intended that only one of these programs be extended
through the power plant development phase.™

Status of vrogram in November 1959

During November 1959, AEC reviewed the ANP program to deter-
mine whether or not it was practicable at that time to select a
single reactor approach in providing a nuclear propulsion system to
meet established DOD requirements. AEC decided that neither the
direct cycle nor the indirect cycle had reached a stage of develop-
ment where it could be preferentially selected with any degree of
technical confidence. AEC summarized the status of the two cycles
as follows:

"Direct Cycle: The direct cycle program is assessed as
being ahead of the indirect cycle in the engineering of
components and reactor know-how. Reactors have been op-
erated and a broad component test program is in being.
Cycle simplicity is of a prime consideration. However,
the requirement to achieve a minimum power plant welght
is countered by the requirement for a large heat transfer
area resulting in comparatively large reactor dimensions
and consequent large shield dimensions and welght,
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"Indirect Cycle: The indirect cycle program 1s on a par
with the direct cycle in the development of high tempera-
ture materials required for reactor operation. The effi-
ciency of 1iquid metal heat transfer allows a smaller
core, less shielding weight and a lower over-all power
plant weight. However, the reactor coolant has never
been used in a reactor, the structural alloy 1s new and
still under development, the Contractor has never built
or operated a reactor, and the neutron energy of the re-
actor is in a relatively unknown spectrum."

AEC stated that, in view of the technical uncertainties in-
volved, both the direct cycle and the indirect cycle programs had
been oriented toward the experimental verification of the critical
areas of uncertalnty and that, upon completion of these reactor ex-
periments in 1962 and 1963 together with the successful accomplish~
ment of concurrent component tests, a cycle selection could be made
with a greater degree of confidence.

Department of Defense directed the Navy
to _terminate development program

In December 1959, DOD reversed its position of March 1959 (see
p. 159) and advised the Navy that it would not be to the best in-
terests of the country to continue at that time with two parallel
development programs, one responsive to Navy requirements and one
responsive to Air Force requirements. DOD, therefore, requested
the Navy to terminate its development program at P&W as soon as
practicable but advised the Navy to continue to study the ANP pro-
gram, and the possible Naval applications, in order to be alert to
any technical developments which might make it desirable to reopen
the question of continued active development support by the Navy.

Air Force work resumed at P&W

In December 1959 the Air Force awarded P&W a new operating
contract for design and performance studies of power plants for ap-
plication to missile launching aircraft with low-altitude attack
capability., The radiator work funded by the AEC after the Air
Force work was terminated in October 1957 was transferred back
under the Air Force contract.

1In March 1960, the work under the Navy contract with P&W, together
with correSpondlng funds, was transferred to the Air Force con-
tract with P&W. This action ended Navy's actlve participation in
the ANP program.
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Report of ANP Ad Hoc Advisory Group
of Department of Defense

The Ad Hoc Group, proposed by DDR&E in August 1959 (see
p. 167), issued its report about January 1960. Although the report
could not be located by DDR&E, a part of the report was quoted 1n a
letter to AEC from DDR&E, dated February 27, 1960. That part of
the letter relating to the review group follows:

"On the question of propulsion system selectidn, the
group stated:

'As has been indicated, there does not exist, at the
present time, a sound technical basis for selection of
either the direct cycle or indirect cycle power plant if
one desires to expect without risk a flight date in the
mid-1960's. Critical problems can arise in either case
which could have significant effect on the development of
the power plant. On the other hand, there do not appear
to be fundamental limitations in either case, which could
eliminate the possibility of ultimate successful accom-
plishment of the desired goals. Therefore, assuming that
the achievement of manned nuclear flight in a reasonably
early time period in an aircraft possessing an interesting
military potential is deemed important, the best assur-
ance can be provided by continuing, for the present, the
dual approach. Both programs have been laid out with im-
portant milestones flagged. Continuation of the develop-
ments on the schedules suggested must be conditioned on a
successful attainment of those milestones. They can also
provide a basis for judgment as to whether, at some point
along the way, one or the other cycle should be elimi-
nated. However, there appears to be little opportunity
to reach a complete engineering basis for selection prior
to the completion of the advanced core test in the case
of the direct cycle, and the operation of the ten mega-
watt reactor in the indirect cycle case. The total fund-
ing allocated to this program and the importance of the
achievement of the flight goals must obviously be condi-
tioned by consideration of priorities in competition with
other programs. Ideally, it is felt that both cycles
should be pursued until after completion of the critical
tests outlined above, which should be achieved sometime
in 1962. This would insure that the flight date goal can
be anticipated with high confidence. If priorities and
budgetary considerations are such as to suggest that con-
siderable technical risks might be acceptable, it is of
course possible to make a system selection at any of the
milestones along the way. At the present time, the Group
is of the opinion that the greater promise and utility
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rests with the indirect cycle power plant and believes
that this program should be accelerated.'

* * * * *

"The Group also made the following recommendationss

1. The performance objectives of the interim guidance
should be established as the initial objective of the ANP
program. For the present and until the results of appro-
priately defined mileposts dictate otherwlse, the devel-
opment of both the DC and IDC power plants towards the
achievement of this objective should be continued.

2, If all milestones have been passed successfully, a
decision should be made no later than early 1962 to con-
tinue development of only one system through flight test.
This decision must be based upon an evaluation of the
technical potential demonstrated by each system at that
Time.

'3. As knowledge and experience in the techniques of
Aircraft Nuclear Propulsion advance, continuing studies
should be made leading to a definition of militarily and
economically effective weapon systems.'™

ARC received clarification of program guidance

On PFebruary 27, 1960, DDR&E answered AEC's request of October

1959 concerning clarification of plans for power plant development.
(See p. 169.) DDR&E stated that its reply to the October 1959 let-
ter had been delayed pending a report from an Ad Hoc Group formed
to make a more complete study of ANP and to recommend future
courses of action. The DDR&E stated further that:

k%% our aim in the ANP program should be to carry
one, and only one, of the two power plant developments to
the flight stage in the mid-1960's; but to continue with
both the direct and indirect cycle approaches toward a
relatively high performance plant until technical prog-
ress--or lack of progress--enables us to make a selection.

* * * * *

¥k Continuation of this program past 1962 will in-
volve construction of a suitable test aircraft and the
provision of an acceptable base for test flights. The
current studies on radiocactive fission product release
and other reactor hazards are expected to provide reason-
able and timely guildance in selecting a site for the test
base., "
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The basis of this decision was a report from the Ad Hoc Group.
(See pv. 171 and 172.) ANPO advised us in April 1961 that it had
received no further guidance from DDR&E during the remaining time
of the ANP program.

Georgla Nuclear Laboratoryv placed in standby status

The Air Force advised Lockheed to phase down the contract from
the $3 million annual level of April 1, 1960, to a standby annual
level of about $500,000 by October 1, 1960. Lockheed was advised
also that a total of $750,000 was avallable for the phase-down op-
eration and a complete check-out of the reactor at 10 megawatts.

The Air Force authorized Lockheed, beginning October 1, 1960,
to operate GNL at a reduced level of %éS0,000 for 1 year.

Initiation of work on new direct cycle
power plant configuragtion

GE and Convair completed a propulsion system configuration
study in February 1960. The purpose of the study was to establish
guidelines for research and development work, and the study was
aimed at a detailed reevaluation of the XMA-1 two-engine propulsion
system as opposed to a single-engine, single-reactor system. As a
result of the study, GE recommended a single-engine reactor system
and submitted a program proposal for its development. GE desig-
na&ed the new single-engine, single-reactor power plant as the
P140E.

On July 7, 1960, ANPO approved a program, essentlally based on
a GE proposal for developing the P1kOE power plant. The power
plant, including an Advanced Core Test (ACT) (a reactor/engine test
in the integral, in-line configuration) to operate in 1962, was the
primary objective of the direct cycle program. The program in-
cluded, for planning Burposes, a ground test power plant scheduled
to operate in mid-1964 and, pending selection of the direct cycle
for flight test, a flight test power plant scheduled for aircraft
installation and flight by mid-1965. The P140OE power plant concept
was under development at the time the ANP program was terminated in
March 1961.
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Advanced Development Oblective
established for the ANP program

In November 1960, the Air Force established Advanced Develop-
ment Objective (ADO)1 No., 20, superseding GOR 81 and GOR 172. The
ADO stated that the objective was:

"4 To develop a manned nuclear powered test alr-
craft with essentlally unlimited endurance independent of
in-flight refueling which will have the potential of add-
ing a new dimension to the spectrum of manned flight,.

Due to the present state-of-the-art, the Initial system
will be limited to subsonic performance, however, the ul-
timate attainment of supersonic speeds on nuclear heat
only is an objective of the program. The alrcraft will
be used to explore the feasibility and suitability of nu-
clear power for manned aireraft by studying (a) the per-
formance and handling characteristics of nuclear air-
craft, (b) the problems of carrying personnel and equlp-
ment for long flight durations, and (¢) the problems of
operations and maintenance,

"B To provide a manned nuclear powered alrcraft
which can be used to investigate the operational problems
and the applications of manned nuclear powered aircraft
to various military missions.”

Other activities during the period
(July 1959-March 1961)

Between November 1960 and January 1961, GE completed the last
phase of testing of HIRE No. 3 at NRTS. 1In the tests two turbojet
engines were started and brought up to normal operating range on
nuclear power alone, in contrast to previous HTRE experiments where
engines were started with chemical fuel and, once they had obtained
the operating range, were transferred to nuclear power.

The major effort of Convair during the period was directed to-
ward design of aircraft compatible with either the direct or indi-
rect cycle nuclear power plant.

The budget of the United States for the fiscal year ended
June 30, 1962, submitted to the Congress in January 1961, provided

1An Advanced Development Objective describes the general character-

istics of a new effort designed to (1) fulfill an anticipated
long-term operatlional requirecment beyond present technical capa-
bilities and/or (2) explolt a significant technological advance-
ment wilth a potential military application. 5
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for about one half the funds that had been requested for the pre-
ceding fiscal year and stated that the ANP project could be carried
at a lower funding level than had been programed in previous years,
as work was to be continued on one propulsion system. The budget
did not specify, however, whether the direct or indirect eycle pro-

pulsion system should continue.
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TERMINATION OF THE ANP PROGRAM--March 1961

President recommended the termination
of the ANP program

The message on national security, transmitted by the President
of the United States to the Congress on March 28, 1961, recommended
the termination of the entire ANP program. The President stated:

"Nearly 15 years and about $1 billion have been devoted

to the attempted development of a nuclear-powered alr-
crafts; but the possibility of achieving a militarily use-
ful alrcraft in the foreseeable future is still very re-
mote. The January budget already recommended a severe
curtailment of this project, cutting the level of effort
in half by limiting the scope to only one of the two dif-
ferent engines under development, although not indicating
which one. We believe the time has come to reach a clean-
cut decision in this matter. Transferrling the entire sub-
ject matter to the Atomic Energy Commission hudget where
it belongs, as a nondefense research item, we propose to
terminate development effort on both approaches on the
nuclear powerplant, comprising reactor and engine, and

on the airframej but to carry forward scientific research
and development in the fields of high temperature mate-
rials and high performance reactors, which is related to
AEC's broad objectives in atomic reactor development in-
cluding some work at the present plants, making use of
their scientific teams. This will save an additlonsl

$35 million in the Defense budget for filscal 1962 below
the figure previously reduced in January, and will avoid

a future expenditure of at least $1 billion, which would
have been necessary to achieve first experimental flight."

Contractors notified to terminate activities

On March 30, 1961, AEC advised GE and P&W that the ANP pro-
gram was being terminated. The contractors were notified that AEC
would not continue any work, under the contracts directed toward
developing a nuclear-powered aircraft, beyond the contract explra-
tion date of April 30, 1961. GE was requested to stop all work
except work related to basic high-teumperature materlials research.
P&W was requested to stop all work except work related. to high-
temperature materials research end development work directly nsces-~
sary to carry out a possible 10-megawati reactor experiment on a
relaxed time schedule with the prime objective of advancing nuclear
reactor technology in a broad avplication.

On March 30, 1961, Headquarters, USAF, directed the Alr Mate-
riel Command to issue termination notices to GE, P&W, Convalr, and
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Lockheed. AEC also notified ORNL to terminate the radiation
shielding work for the ANP program.

At termination of the ANP program, over 7,000 contractor em-
ployees were engaged in the ANP program. The manpower levels at
the various major contractors were as follows:

General Electric Co. L, Ol
Pratt & Whitney 2,924
Convair 206
Lockheed 213
Oak Ridge National Laboratory 157

Total employees 7,14

New research program initiated

After the termination of the ANP program, all work oriented
toward actual aircraft application was canceled. 1In April 1962,
AEC adopted a new research program for high-temperature mauerjals
and high-performance reactors. Some of the equipment znd facili-
ties previously used in the ANP program and the services of some of
the employees were utilized in the new progrem.

AEC's budget for fiscal year 1962 provided about $19.925,000
for the new research program, including about §6, 625 000 for hizh-
temperﬂtuze materials research--#4%,500,000 by GE, 9)0 000 by P&W,
and $1,175,000 by ORNL--and about %13 300,000 ior developln: a
high—performance reactor experiment by P&W
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SCHEMATIC OF TWO-LOOP, LIQUID-METAL, INDIRECT CYCLE NUCLEAR PROPULSION SYSTEM
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IN THE INDIRECT CYCLE, THE HEAT GENERATED IN THE REACTOR IS ABSORBED BY A
LIQUID-METAL COOLANT FLOWING THROUGH THE REACTOR CORE. THE LIQUID-METAL
COOLANT THEN FLOWS THROUGH AN INTERMEDIATE HEAT EXCHANGER WHERE THE HEAT IS
TRANSFERRED TO A SECONDARY LOOP, THE HOT LIQUID METAL IS THEN PUMPED TO THE
JET ENGINE, THE JET ENGINE CONTAINS RADIATORS, WHERE THE HEAT IS GIVEN UP BY
THE LIQUID METAL AND IMPARTED TO THE AIRSTREAM FLOWING THROUGH THE ENGINE,
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APPENDIX V
UNITED STATES

ATOMIC ENERGY COMMISSION

WASHINGTON 25, D.C.

IN REPLY REFER TO1

RD :AE :RCM . P 2- 1962

Mr. Arthur L. Litke
Assistant Director
General Accounting Office
Washington 25, D. C.

Dear Mr, Litke:

In accordance with vour request of December 18, 1961,
there is attached a statement which reflects the major
key technical accomplishments of the ANP Program., This
statement I belleve reflects & fair summation of the
principal contributions of the ANP Program to reactor

technology,
. /_ » /7
anerely/ ours, .
Q/
//Ij’: o
Fr&nk Ko ?1ttman, Director
Division of Reactor Development
Attachment:
Accomplishments

of ANP Program
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G@HTPI&UhAGMS OF TR AN2 TDROGALM
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A nuclear jot pr@pu‘ﬂiaﬂ syaten for alveralty application requlres
the ninimiging of size and vrfghﬁ and th2 wpaximizing of powsry
{heat) outpub., This vroblem ls further inereased in difficulty
by the necessity of providing adeguate nuclear shielding., 2over
autth is dervived fyom the heat preduced by the peactor, hence
the reguirenent for a reasctor which produces extremely high
temperaturss while at the saas Lime minlndzing size and welght.
The AP Program was, thorefore, gtarting at the upper linilts
of nuclear technology whieh required rany so-called "break
throughs” in materials, rcacior concunta, iuszrxﬂentatiOﬁ,
shielding ond controls. These clroewasitances avitomatically pro-
vided a tromendous accelerablon in she 2dvancement of auclear
reactor technologye.

Listed below are osome of the major contributieons wmade by the ANP
Program:

4. The ANP Clrecuiacing Fue ox
National Laboratory has iue ot Cen ai Reacltor Program
for c¢ivilisn pousy predently u S iF way at ORIML, In addition o
esvablisghing the fna“7b$1*uy tn g type of react cr by the
operatlon of the Alrcralt Rb;augf Eueperineat in 1954, the
folloving sccomplishments and spnlications were DFOV&@Gd’

?vnﬁrum at the Ouak Ridge

st
by
Y
i}
€
C'E”

(1) A new niekelenolybdenwr alloy {1i'0A-8) was developed
which Inercassd tne operatlng 1ife of reactors using lithium-
based fused salis,

rature liould ietal punps, valves, seals,
tlU?“ﬁbmwxﬁq tec‘zofooy have bewm wsed in
So fwm Graphite R@&ubﬂ Ligulid Metal
1wiao Fernl Fast Brecder ?eacuor

(2) High Lgﬁ ne

heat exchanmers and ing
the development of the
Fuel Reoactor and the Er

{3) Corrosion data on warious alloys with lithium,
sodlium, sodivm-potassiwa, lead, bismath and vafiuu" types of
Tused salts have besn obtained znd used In the above programs,

(4)  Bew materlals, reactor grads inconel and stalnless
steels, and new fabrieatlon technlgues for lavge beryllium
componentr, were developed,

stor (Swimelng Pool Reactor) was
designed ond built at O F1L taln shielding data on large
shield components for AP, Th the first uwimqing pool
reactor bullt, has scrved as a mn"CJ for mony of the ressarch
reactors that are in use at unlversibles throughowt the Free
World teday., The reactor that was demonstrated as a pari of
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the U, 8. exhibit at the first Geneva Conference was based on
thils reactor design.

{6) & new B MW spherical geometry tower shielding
reactor was design and febricated by ORNL for use In ANP radig-
tion shielding development., Due to the core geometry this unigus
reactor provides an lsotople radlation source for a varledty of
experviments. It has been used in radiatlon effects studies,
radioblology and 18 being used in connection with U, 5. Army
radiation studlies,

B, The Indirect Cycle Program efforb by Pratt and Whitney
has resulted in the development of extensive liguid metal teche
nology which has recently been dirvected to the development of
an advanced high temperature lithium-cooled raactor systen,
This work has produced the following important cunbributlons:

{1} A nigh strengbth refractory metal-columbiwa~zirconium
alloy has been developed for high temperature engluesring appli-
cabliong, Its demonstrated chemlecal compatibility with lithium
allows the design of very high power density nuclear reaclors csgpa-
ble of previocusly unattainable temperatures, The nucleay and
structural ramifications of this development provides substantial
advantages €0 any nuclear power converslon syatem requiring light
welght, high benperature performance,

{2) This technology has many possible applicatilons for
gpace, moblle packaged power, central statlon and marine power
plants,

{3) Development of a rellable, high power density, fuel
element has been a very significant accomplishment of the in-
direct cyele program., This development will permlt smaller
cores, higher specific power, higher fuel burn-up and iighter
welght systens,

G. The Direct Cyecle Program has provided the following
important contributions,

{1} The metalllc dispersion fuel element was Lirst
developed under this program, It has been used in the Army
Pover Package Program, the (as Cooled Reachor Experiment and
in the nuclear superhest system for the Pathfinder Clvilian
Power Reaclor Program,

(2} The zirconlum hydride solid modorator technology
nas been used in the Space Nuclear Auxdllary Power Prograwm and
in the TRIGA research and training reactors.
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{3) Separation, purification and fabrication of the
rarve earth yttrium was developed which ls used as an alloying
mabterial to provide high strength and oxidation resistance to
stainless steels, This material is now belng produced cop-
mercially. Yéorium 1 alsgo used as a gtabillizer Tor zlrvconlum
crucibles In use by industry Leday.

0(14.) Rhenlum-tungeten thermocounles which operate up
$o 3000°F 1n a2 nuclear envirooment were also developed,

{8Y Extensive information on radiation effects on
organic materdals such as alltyl dbanzens, Dowthern-A, eftc. vas
determined which 15 used in orgenlc moderated reachors,

{6) The Dircet Cyele Program produced extensive ce-
ramle Tuel element technology which contributed to The Nuelear
RamJet Missile, Maritime and Civilian Gas Cooled Reactor
Programe, Ceramic cosbed wives, reslistant ¢o high temnperature
and nuclear radiation wvere developed for thernccouple leads
gtor applications,

{(7) The fission product release problems of the direct
cycle program resulied in the establishment of extensive 1n-
formation on elestrostabic precipitavor ayatems o filter
effluent alyr which 1s of intercst %o the clvilian and gas
conled reaclor programs,

{8) In the field of reactor theory much informabion
has been developed on caleulaticnal methods which have been
programed for computer use. For example, one of the procedures
for heat transfer calculationglis used in the Nuclear Ramjet
Misslle Program.

(9) Numerous instrunents and devices, some minlaturized,
for determining test results and reactor contrel have been
pioneered under the Direct Cyecle Program,

(10} The Heat Transfer Reactor Experiments resulted
in the operation of turboejet azircraft englnes on heat supplled
by a nuclzar reactor. These tests proved the feasibility of
the direect cycle system by 65 continuous hours of operation ab
temperatures approaching 2000 ¥, using metalllc fuel elements,

D, Many engineers and scientlsts recelved valuable training
and experlence in the ANP Program, The knowledge and experience
gained was and is being used in other nuclear programs. .Under
the LNP Pregram new and unique test facilitles were daveloped,
deslgned and built whlch will conftinue to serve fthe advancement
of nuclear technology. }&3@
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-

¥hile the asbove ldentifles the major known contributions of the
ANP Program, 1t is not possible to inventory, realistically, the
total beneflts derived from the Program. The high temperature
materials and radlation shielding information was undoubtedly

of great value to the National space effort., The extent to
which thils information saved time and noney and sexpedited
program efforts in the space and other important programs would
he impossible to calculate, It -1s clear that by the very

nature of the program the technology produced was and is a very
important asset.



APPENDIX VI

LIST OF POLICY-MAKING
AND OTHER INTERESTED PRINCIPAL OFFICIALS
ATRCRAFT NUCLEAR PROPULSION PROGRAM

Tenure of office

From To
DEPARTMENT OF DEFENSE
SECRETARY OF DEFENSE:
James V. Forrestal Sept. 194%7  Mar. 1949
Louls Johnson Mar. 1949  Sept. 1950
George Catlett Marshall Sept. 1950 Sept. 1951
Robert A. Lovett Sept. 1951 Jan. 1953
Charles E. Wilson Jan. 1953 Oct. 1957
Neil H. McElroy Oct. 1957 Dec. 1959
Thomas S. Gates, Jr. Dec. 1959 Jan. 1961
Robert S. McNamara Jan. 1961 Present
DEPUTY SECRETARY OF DEFENSE:

Stephan T. Early* Aug. 1949  Sept. 1950
Robert A. Lovett Oct. 1950 Sept. 1951
William C. Foster Sept. 1951 Jan. 1953
Roger M. Kyes Feb. 1953 May  195h
Robert B. Anderson May 1954  Aug. 1955
Reuben B. Robertson, Jr. Aug. 1955  Apr. 1957
Donald A. Quarles May 1957 May 1959
Thomas S. Gates, Jr. June 1959 Dec. 1959
James H. Douglas Dec. 1959 Jan. 1961
Roswell L. Gilpatric Jan. 1961 Present

*Served as Under Secretary of Defense from May 2, 1949 until Au-
gust 9, 1949, when that position was abolished, and that of Deputy
Segretary of Defense was established.

DIRECTOR OF DEFENSE RESEARCH AND ENGINEER-
ING, formerly Assistant Secretary of De-
fense (Research and Engineering):
Herbert F. York Dec. 1958 Apr. 1961
Harold Brown May  1961- Present

(Position created under terms of the Reorganization Act of 1958.)
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LIST OF POLICY-MAKING
AND OTHER INTERESTED PRINCIPAL OFFICIALS
ATRCRAFT NUCLEAR PROPULSION PROGRAM {continued)

Tenure of office
From To

DEPARTMENT OF DEFENSE (continued)

ASSISTANT SECRETARY OF DEFENSE (RESEARCH
AND ENGINEERING) formerly Assistant Sec-
retary of Defense (Research and Develop-
ment) and Assistant Secretary of Defense
(Engineering):
Frank D. Newbury Mar. 1957 May 1957
Paul D. Foote Sept. 1957 Qct. 1958

ASSTSTANT SECRETARY OF DEFENSE (RESEARCH
AND DEVELOPMENT) formerly Chairman of
Research and Development Board:
Donald A. Quarles Sept. 1953 Aug. 1955
Dr. Clifford C. Furnas Dec. 1955 Feb. 1957

ASSISTANT SECRETARY OF DEFENSE (ENGINEER-
ING) formerly Chairman of Research and
Development Board:
Frank D. Newbury Aug. 1953 Mar. 1957

Combined with Assistant Secretary of Defense (Research and Develop~
ment) as Assistant Secretary of Defense (Research and Engineering).
This position was originally designated Assistant Secretary of De-

fense (Applications Engineering).

CHAIRMAN OF RESEARCH AND DEVELOPMENT BOARD:

V, Bush Septe 1947  Oct. 1948
Karl T. Compton Oct. 1948 Mar. 1950
William Webster Mar. 1950 July 1951
Walter G. Whitman Aug. 1951 June 1953

ASSISTANT SECRETARY OF DEFENSE (DEPUTY DI-
REC?OR, DEFENSE RESEARCH AND ENGINEER-
ING):
John H. Rubel May 1961  Present

(Position created in 1961)
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LTST OF POLICY-MAKING
AND OTHIR INTERLSTED PRINCIPAL CITICIALS
AIRCRAFT NUCLEAR PROPULSION PROGRAM (continued)

Tenure of office
from . To

DEPARTMENT OF DEFENSE (continued)

CHAIRMAN OF THE JOINT CHIEFS OF STAFT:

General Omar N. Bradley, USA Aug. 1949  Aug. 1953
Admiral Arthur W. Radford, USN Aug. 1953 Aug. 1957
General Nathan F. Twining, USAF Aug. 1957  Sept. 1960
General Lyman L. Lemnitzer, USA Oct. 1960  Present

DIEPARTMENT OF THE ATIR FORCE

SECRETARY Ov THE AIR FORCE:

W. Stuart Symington Sept. 19%7  Apr. 1950
Thomas K. Finletter Apr. 1950 Jan. 1953
Harold E. Talbott Feb. 1953 Aug. 1955
Donald A. Quarles Aug. 1955 Apr. 1957
James H. Douglas May 1957 Dec. 1959
Dudley C. Sharp Dec. 1959 Jan. 1961
Fugene M. Zuckert Jan. 1961 Present
CHIEF OF STAFT:

General Carl Spaatz Sept. 1947  Apr. 1948
General Hoyt S. Vandenberg Apr. 1948 June 1953
General Nathan F. Twining June 1953 June 1957
General Thomas D. White July 1957 June 1961
General Curtis E. LeMay June 1961 Present

DEPUTY CHIEF OF STAFF, RESEARCH AND TECH-
NOLOGY formerly, Deputy Chief of Staff,

Development:
Major General G. P. Saville Jan. 1950 July 1951
Major General D. L. Putt (Acting) July 1951  Nov. 1951
Lieutenant General L. 8. Craigie Nov. 1951  Apr. 1954
Lieutenant General D. L. Putt -Apr. 1954 June 1958
Lieutenant General Roscoe C. Wilson July 1958 Nov. 1961
Lieutenant General James Ferguson Dec. 1961 Present
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LIST OF POLICY-MAKING
AND OTHER INTERESTED PRINCIPAL OFFICIALS
ATRCRAFT NUCLEAR PROPULSION PROGRAM (continued)

Tenure of office

From To

DEPARTMENT OF THE AIR FORCE {(continued)

ASSISTANT DEPUTY CHIEF OF STAFF, R AND T
FOR ATOMIC ENERGY formerly, Assistant
DCS for Nuclear Systems; Aircraft Nu-
clear Propulsion Office (ANPO):

Major General Donald J. Keirn Nov. 1957 Aug. 1959
Brigadier General Irving L. Branch Aug. 1959 July 1961
Colonel Ola P. Thorne July 1961  Present

COMMANDERS, AIR FORCE LOGISTIC COMMAND
created April 1, 1961, formerly Air Ma-
teriel Command:

Lieutenant General Nathan F. Twining -

Acting Sept. 1947
Lieutenant General Nathan F. Twining Oct. 1947
General Joseph T. McNarney Oct. 1947  Sept. 1949
Lieutenant General Benjamin W. Chidlaw Sept. 1949 Aug. 1951
General Edwin W. Rawlings Aug. 1951  Feb. 1959
General Samuel E. Anderson Mar. 1959 Aug. 1961
General William F. McKee Aug. 1961 July 1962
General Mark E. Bradley, Jr. July 1962 Present

COMMANDERS, AIR FORCE SYSTEMS COMMAND
created April 1, 1961, formerly Air Re-
search and Development Command:

Major General David M. Schlatter Jan. 1950 June 1951
Lieutenant General Earle E. Partridge June 1951 June 1953
Lieutenant General Donald L. Putt June 1953  Apr. 195h
Lieutenant General Thomas S. Power Apr. 1954 June 1957
Major General J. W. Sessums, Jr. July 1957 July 1957
Lieutenant General S. E. Anderson Aug. 1957 Mar. 1959
Major General J. W. Sessums, Jr. Mar. 1959 Apr. 1959
General Bernard A. Schriever Apr. 1959 Present

DEPARTMENT OF THE NAVY

SECRETARY OF THE NAVY:

James V. Forrestal Msy 1944  Sept. 1947
John L. Sullivan Sept. 1947 May 1949
Francis P. Matthews May 1949 July 1951
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LIST OF POLICY-MAKING
AND OTHER INTERESTED PRINCIPAL OFFICIALS
AIRCRAFT NUCLEAR PROPULSION PROGRAM (continued)

Tenure of office
From ‘ Ta

DEPARTMENT OF THE WAVY (continued)

SECRETARY OF THE NAVY (continued):

Dan A. Kimball July 1951 Jan. 1953
Robert B. Anderson Feb. 1953 May 1954
Charles S. Thomas May 1954  Apr. 1957
Thomas S. Gates, Jr. Apr. 1957  June 1959
William B. Franke June 1959 Jan. 1961
John B. Connally Jan. 1961 Dec. 1961
Fred Korth Jan. 1962 Present

CHIEF, BURFAU OF AERONAUTICS Bureau dises-
tablished December 1959, Bureau of Naval
Weapons, activated January 1960, com-
bined Bureau of Aeronautics and Bureau
of Ordnance:

Rear Admiral Harold 0. Sallada June 1945 May 1947
Rear Adnmiral Alfred M. Pride May 1947  May 1951
Rear Admirsl Thomas S. Combs May 1951 June 1953
Rear Admiral Apollo Soucek June 1953 Feb. 195
Rear Admiral James S. Russell Mar. 1959 July 1957
Rear Admiral Robert B. Dixon July 1957 Dec. 1959

HIEF, BUREAU OF NAVAL WEAPONS:
Rear Admiral P. D. Stroop Dec. 1959 Present

DEPARTMENT OF THE ARMY

CHIEF OF ENGINEERS:
Lieutenant General Samuel D. Sturgis Jan. 1953 Oct. 19956
Lieutenant General Emerson C. Itschner Oct. 1956 Mar. 1961
Lieutenant General W. K. Wilson, Jr. May 1961  Present

ATOMIC ENERGY COMMISSION

COMMISSION CHAIRMAN:

David E. Lilienthal Nov. 194%6  Feb. 1950
Dean E. Gordon July 1950 June 1953
Lewis L. Strauss July 1953 June 1958
John A. McCone July 1958 Jan. 1961
Glenn T. Seaborg Mar. 1961 Present
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LIST OF POLICY-MAKING
AND OTHER INTERESTED PRINCIPAL OFFICIALS
ATRCRAFT NUCLEAR PROPULSION PROGRAM (continued)

Tenure of office
From To

ATOMIC ENERGY COMMISSION (continued)

GENERAL MANAGER:

Carroll L. Wilson Dec. 1946  Aug. 1950
Marion W. Boyer Nov. 1950 Nov. 1953
Kenneth D. Nichols Nov. 1953 Apr. 1955 -
Kenneth E. Fields May 1955 June 1958
Paul F. Foster July 1958 Nov. 1958
A. R. Luedecke . Dec. 1958 Present
DIRECTOR, DIVISION OF REACTCR DEVELOPMENT:
Lawrence R. Hafstad Feb. 19%9  Feb. 1959
W. Kenneth Davis Feb. 1955 July 1956—
Frank K. Pittman Oct. 1958 Present
CHIEF, AIRCRAFT REACTORS BRANCH:
Robert M. William Mar. 1950 Mar. 1951
R. L. Wassell Mar. 1951 Feb. 1953
Major General Donald J. Keirn Feb. 1953 Nov. 1958
ASSISTANT DIRECTOR FOR AIRCRAFT REACTORS:
Major General Donald J. Kelrn Nov. 1958 Sept. 1959
Brigadier General Irving L. Branch Nov. 1959 Mar. 1961_ .

MANAGER, LOCKLAND AIRCRAFT REACTORS OPERA-~
TIONS OFFICE:

Harry Gorman July 1958 June 1960

John L. Wilson June 1960 July 1961
MANAGER,'CHICAGO OPERATIONS OFFICE:

John J. Flaherty Apr. 1954  Nov. 1957

Kenneth A. Dunbar Nov. 1957 Present
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