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THE LEGAcCY CoLD WAR PROJECT

One of the nine task areas within the Department of Defense Legacy Resource
Management Program, the Cold War Project seeks to “inventory, protect, and conserve
DoD'’s physical and literary property and relics” associated with the Cold War.

Under the direction of Dr. Rebecca Cameron of the Air Force History Support Office,
the Cold War Project has commissioned several studies to examine the evolution of the
American military during the Cold War. The first of these, To Defend and Deter: the
Legacy of the United States Cold War Missile Program, traces the growth of the Army
and Air Force missile programs. A similar study, Navy Cold War Guided Missile Context:
Resources Associated with the Navy's Guided Missile Program, 1946-1989, examines the
development of the Navy’'s missile program.

A second group of Cold War studies takes a wider, more topical approach. Jointly
sponsored by the Cold War Project and the United States Air Force Air Combat
Command, these are broad studies designed to provide historians and cultural resource
managers with a national context for examining the military’s Cold War era programs,
structures, and artifacts. The first of the series, Training to Fight: Training and
Education During the Cold War, examines the changes in military training brought on
by the expansion of the military and the sophistication of its Cold War era weaponry.
Two companion pieces, Developing the Weapons of War: Military RDT&E During the
Cold War and Forging the Sword: Defense Production During the Cold War are now in
progress.
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FOREWORD

The Department of Defense (DoD) Legacy Resource Management Program was
established under the Defense Appropriations Act of 1991 to “determine how to better
integrate the conservation of irreplaceable biological, cultural, and geophysical resources
with the dynamic requirements of military missions.” One of Legacy's nine task areas is
the Cold War Project, which seeks to “inventory, protect, and conserve [DoD’s] physical
and literary property and relics” associated with the Cold War.

During the early months of 1993, Dr. Rebecca Hancock Cameron, Cold War Task
Area Manager for Legacy, assembled an ad hoc committee of approximately 20 cultural
resources experts from throughout the DoD to explore the cultural resources of the Cold
War. Their mission was to develop a plan for inventorying and managing these
resources. A two-pronged approach, which had been agreed on before the meeting,
included site-specific and national studies. The more immediate thrust was to compile
site-specific documentation of the most significant Cold War installations and sites. At
the time of the ad hoc meeting, studies were already beginning in such places as
Vandenberg Air Force Base, Air Combat Command installations, and several important
missile sites. Some of these sites are now listed on the National Register of Historic
Places.

The second thrust was to develop a series of national theme and context studies,
addressing the more prominent military themes during the Cold War era. These studies
were designed to provide a tool by which installations and sites of all types and sizes
could determine the significance of their Cold War cultural resources. The committee
developed an initial list of theme and context topics that ranged from missiles and intel-
ligence to hospitals and day care centers. While all of the topics were important in their

own right, a decision was made to focus only on those issues that held direct relation-
ship to primary Cold War missions.

The initial committee meeting, and the many meetings and telephone conversations
that followed, helped to trim the nearly endless list of potential topics down to a short
list that DoD would support as national theme and context studies. Those selected
included: missiles, radars, research and development, testing and evaluation, and train-
ing. To Defend and Deter: the Legacy of the United States Cold War Missile Program is
the first and largest of these studies.

To Defend and Deter is the product of a 2-year effort by personnel from the Tri-
Services Cultural Resources Research Center, located at the U.S. Army Construction
Engineering Research Laboratories (USACERL), working in cooperation with Dr.
Cameron and other members of the military history community. The goal of this effort
was to develop a history and reference guide suitable for use in identifying and evaluat-
ing the historical significance of missile-related cultural resources. The authors have



To Defend and Deter: The Legacy of the United States Cold War Missile Program

supplied the information necessary to locate, identify, and understand Army and Air Force
guided missile facilities. This, coupled with evaluative guidelines currently being devel-
oped within DoD, will help cultural resources personnel make substantive evaluations.

Three members of the USACERL cultural resources staff served as primary contrib-
utors to this publication. Dr. John Lonnquest and David Winkler, a doctoral candidate at
the American University in Washington, DC, prepared the narrative. Dr. Lonnquest, the
lead historian, wrote the sections on the evolution of missile technology and the develop-
ment and deployment of the long-range deterrent missile systems. He also edited the
manuscript, selected the photographs, and compiled the bibliography. Mr. Winkler
focused his attention on the development of the defensive missile systems, the social and
economic impact of the Cold War missile program, and arms control. Mr. Winkler also
prepared the histories of the missile development and deployment sites. Mr. Winkler
wrote the weapon system profiles for the defensive missile systems, and Dr. Lonnquest
prepared the system profiles for the long-range deterrent missile systems. Mr. James
Eaton, a graduate student in architecture at the University of Illinois at Urbana-
Champaign, identified and contacted all of the known missile sites within the United
States and developed the state-by-state guide to the applicable missile launch facilities
in the United States. All three of these gentlemen contributed energetically and self-
lessly throughout the project. In addition, Ms. Gloria J. Wienke of USACERL served as
managing editor for the project. Her input and perseverance during the final stages of
this project are greatly appreciated.

Virge Jenkins Temme
Julie L. Webster
Principal Investigators

USACERL
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PREFACE

Over the course of this project the authors received help from a great many people.
First and foremost, we would like to thank Dr. Rebecca Hancock Cameron, director of
the DoD Legacy Cold War Project. Her guidance and constant encouragement enriched
our work. We also want to acknowledge the help we received from Ms. Virge Jenkins
Temme, the Cold War series coordinator at the U.S. Army Construction Engineering
Research Laboratories. She helped smooth out many of the bureaucratic hurdles we
encountered, critiqued our work, and ever-so-gently reminded us of our deadlines. In
May 1996, Ms. Julie L. Webster became the principal investigator for this project. Over
the following summer and fall, she carefully and patiently shepherded the study through
completion. We gratefully acknowledge her help and good humor.

Dr. William Baldwin, of the U.S. Army Corps of Engineers Office of History, and Dr.
Alfred Beck, formerly of the Air Force History Office, have been involved with this pro-
ject since its inception. They reviewed our manuscript as did Dr. Raymond Puffer, for-
merly the chief historian at the Air Force Ballistic Missile Organization, and Dr. Dill
Hunley, historian at the National Aeronautics and Space Administration, Their careful
scrutiny and rigorous questioning improved our work.

During the long course of our research Dr. Martin Gordon and Ms. Lisa Wagner
guided us through the Army Corps of Engineers Research Collection. Chief historian Mr.
Michael Baker and Mr. Claus Martel of the Army Missile Command supplied many of
the administrative and weapon system histories on the Army missile program. Dr. Jim
Walker, chief historian at the Army Space and Strategic Defense Command, furnished
us with information on antiballistic missile (ABM) development. Dr. David Stumpf of the
University of Arizona reviewed the Titan weapon system profile, and Mr. Eric Lemmon
of the Thor Association reviewed the Thor section. Ms. Nancy Stillson, librarian at the
Redstone Scientific Information Center, provided us with information on early Army
missile development as well as the growth of Huntsville during the 1950s and 1960s.
Mr. Tony Turhollow, historian at the Army Engineer District, Los Angeles, supplied us
with background information on the formation of the Corps of Engineers Ballistic
Missile Construction Office.

Air Force Flight Test Center historian, Ms. Cheryl A. Gumm, helped us identify
materials discussing Edwards AFB’s role in missile development. Dr. Donald Baucom,
historian at the Department of Defense Ballistic Missile Defense Organization, provided
us with both documents and advice in our section on ABM development. At the Air Force
Historical Research Agency’'s Archives Branch, Mr. Archie DiFante helped us track down
documents, and in a number of cases, declassified them for us. Another important ally
was Ms. Grace Rowe, Chief of the Records Management Branch, Office of the Secretary
of the Air Force, who provided the authors with access to the Air Force Chief of Staff for
Guided. Missiles (AFCGM) records at the Federal Records Center, Suitland, Maryland.
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Locating the photographs and illustrations for this study was an arduous task. The
authors gratefully acknowledge help they received from Mr. Bryon Nicholas at the
National Air and Space Museum Archives; Mr. David Chenoweth at the Air Force
History Office, Mr. Dave Menard of the USAF Museum’s Research Division; Dr. Harry
Waldren of the Space and Missile Systems Center History Office; Dr. Todd White at the
U.S. Strategic Command; and Ms. Ramona Ruhl at the National Park Service’s Rocky
Mountain System Support Office. Colonel Milton B. Halsey, Jr., USA (Ret.), the National
Park Service's Nike Site Manager at the Golden Gate National Recreation Area, pro-
vided us with illustrations and photographs of various Nike sites and reviewed the air
defense sections of the study. Mark Morgan, a ranger with the National Park Service,
furnished us with photographs and descriptions of many of the Cold War missile sites he
visited.

Archaeologist Martin D. Tagg at Holloman AFB, New Mexico, provided drawings
and interpretation for Holloman AFB missile testing sites. At the Titan Il Missile
Museum at Green Valley, Arizona, Museum Manager Becky Roberts arranged for our
researchers to tour the launch facility and discuss our project with the museum staff. At
White Sands Missile Range, Public Affairs Officer Deborah S. Bingham supplied us with
information on the missile range and set up interviews with Range Archaeologist Robert
J. Burton and Diane H. Fulbright of the Range Commander’'s Council. Sam Hoyle,
Museums Division Chief at Fort Bliss, helped us identify source materials and artifacts
at the U.S. Army Air Defense Museum. At the Army Air Defense School Colonel Steve
Moeller provided us a copy of his Master's thesis about the history of the Army’s Air
Defense Command, and Patricia Rhodes identified some primary source materials relat-
ing to early missile defense. Also, architect John Cullinane provided us with information
on the BOMARC missile program and reviewed the BOMARC-related passages of this
report.

In preparing this study the authors were fortunate to receive the advice and counsel
of many people. While their assistance enhanced our work, the responsibility for any
errors or omissions is solely our own.

John Lonnquest and David Winkler, November 1996.
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INTRODUCTION: THE CoLD WAR
AND THE NATION

Between 1945 and 1989 the United States and the Soviet Union were locked in an
intense political, military, and economic confrontation that came to be known as the
Cold War. The struggle between the two superpowers dominated international affairs,
and the conflicts it spawned raged across the globe. The world was seemingly divided
into two armed camps: the United States and its allies against the Soviet Union and the
communist bloc.

The competition between the two superpowers was played out at many levels, but
none was more visible, more consistent, or had a greater impact on the United States
than the arms race. It was a race driven by fear and fueled by uncertainty; a contest
depicted by both sides as a struggle for national survival. In the United States the arms
race became a national obsession. Politicians promoted it, the military exploited it, and
the press gave it extensive coverage. But apart from the public debate, the arms race
was a battle for technological supremacy; a battle that was waged in laboratories and
factories across the country and encompassed the entire spectrum of military technology
from conventional arms to nuclear weaponry. As the arms race unfolded, a new class of
weapons-guided missiles armed with nuclear warheads-emerged as the defining
weapons technology of the Cold War.

In retrospect it is difficult to recapture the sense of fear and anxiety that, for many
Americans, characterized the early years of the Cold War. From the United States’ per-
spective the Soviet Union and its communist allies appeared to be on the offensive
around the globe, occupying Eastern Europe, taking over China, waging war in Korea,
conspiring with Fidel Castro in Cuba, and inciting revolution in Latin America, Africa,
and Asia. These were the days of the “Red Menace,” a time when school children
crouched under their desks during air raid drills; worried homeowners built fallout shel-
ters; and the government conducted an intrusive campaign to ferret out shadowy “com-
munist sympathizers” suspected of plotting against the nation.

Defense vs. Deterrence

At the end of World War 11 the United States was confronted by a host of challenges,
the most critical of which lay overseas. As the leader of the Western alliance, the United
States took the leading role in helping Europe and Japan rebuild their shattered
economies, but in doing so found itself increasingly at odds with the Soviet Union. The
situation was especially tense in Europe, where the United States faced a strong mili-
tary challenge from Soviet forces in Eastern Europe. Unable to match the conventional
military might of the Red Army, the United States chose to protect the beleaguered
nations of Europe by extending its nuclear umbrella overseas.

Between 1945 and 1949, when the United States had a monopoly on nuclear
weapons, that remained a viable strategy. But the strategic balance of power changed
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quickly in 1949 when the Soviet Union acquired nuclear weapons. Suddenly the United
States found itself vulnerable to Soviet air attack. To counteract the Soviets’ new offen-
sive capability, the United States hurriedly bolstered its air defense system by deploying
additional antiaircraft artillery batteries, and also by accelerating the development of
the Nike and BOMARC surface-to-air missiles. Simultaneously the nation expanded its
strategic nuclear deterrent; it increased the production of nuclear weapons, built new
long-range bombers, and developed long-range guided missiles.

These strategic and air defense missiles had distinctly different roles, which
reflected the divergent concepts of deterrence and defense. The so-called strategic mis-
siles, which included intercontinental ballistic missiles (ICBMs) and air-breathing
strategic missiles (the predecessors of today's cruise missiles), were deterrent systems.
In conjunction with the bombers of the Air Force’'s Strategic Air Command (SAC), the
deterrent systems were intended to discourage an aggressor from attacking either the
United States or its allies for fear of triggering a swift and certain nuclear retaliation. In
contrast, the ground-based antiaircraft missile systems, and later antimissile systems,
were purely defensive. Defense was a fallback position; a means of minimizing the
destruction in the event deterrence failed.

The Evolution of Strategic Doctrine

Although deterrence was relatively simple in concept, the composition of the United
States’ nuclear deterrent and the conditions governing its use were hotly debated. The
nation’s strategic doctrine underwent numerous revisions during the Cold War. In the mid-
1950s the Eisenhower administration, anxious to trim defense expenditures by reducing
conventional forces, formulated a new defense policy called the “New Look.” Its central tenet
was the concept of massive retaliation: the United States would respond to communist
aggression anywhere in the free world with atomic strikes on the Soviet Union and China.

A number of influential critics found significant flaws in the concept of massive
retaliation. First, it was based on the assumption that U.S. strategic forces would sur-
vive a Soviet first strike with the ability to retaliate; second, it seemed unlikely that the
United States would risk a nuclear war over disputes in Asia or the Middle East.

In 1961 the Kennedy administration implemented a new defense posture called
“Flexible Response.” Believing that the New Look was overly reliant on nuclear
weapons, the administration designed Flexible Response on the premise that the United
States needed to maintain a mixture of conventional and nuclear forces to respond to a
variety of threats in a proportionate manner. Today, Flexible Response remains the cor-
nerstone of American defense planning.

The Development of the Defensive Missile Force

The primary responsibility for defending the United States against air attack rested
with the Air Force. To accomplish this mission, the Air Force developed a defense-in-depth
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strategy that encompassed early warning radars, fighter aircraft, and long-range antiair-
craft missiles positioned to detect and engage the enemy before they entered American
airspace. If the enemy penetrated this outer layer, the last line of defense was the Army’s
antiaircraft missile batteries that defended key urban, industrial, and military targets.

The long-range antiaircraft missile was the Air Force’s BOMARC. Development began
in 1946 but the first units were not deployed until 1959. BOMARC resembled a long, sleek
fighter with sharply swept wings. The 45-foot missile was powered by ramjet engines and
traveled at nearly four times the speed of sound. It had an effective range of 440 miles and
could carry either a conventional or nuclear warhead. During the 1960s eight BOMARC
missile squadrons were deployed along the eastern seaboard and in the midwest.

The Army’s contribution to the air defense network was the Nike antiaircraft missile
system. Development of the initial model, the Nike Ajax, began in 1945, and the first
battery was deployed in early 1954. The liquid-fuel missile was 21 feet long, had a range
of 30 miles, and carried a conventional warhead. By 1958, 200 Nike batteries, each site
covering 40 acres, had been built across the country.

In 1958 the Army began to deploy the more capable Nike Hercules. The new missile
was 41 feet long and used both a solid-fuel motor and boosters that increased its range
to 75 miles and operational ceiling to 150,000 feet.” The Nike Hercules was the first
antiaircraft missile to be armed with a nuclear warhead. The new missiles replaced the
Nike Ajax, and were eventually deployed at 137 sites.

The Development of the Strategic Missile Force

To bolster the nation’s strategic nuclear deterrent, the Army Air Forces (the prede-
cessor of the Air Force) had been working since 1946 to develop two types of strategic
missiles: the winged, air-breathing missile and the futuristic ballistic missile.

The air-breathing missiles looked and performed like aircraft. They had wings to gen-
erate aerodynamic lift, used jet engines that required an external oxygen supply, and
were powered and guided throughout their flight. In contrast, the ICBM was bullet-
shaped, carried an internal oxygen supply, and the majority of its parabolic trajectory was
outside the earth's atmosphere. It was called a ballistic missile because once the warhead
reached the apogee of its flight path, it followed a ballistic trajectory to its target.

The Air Force’s two air-breathing missile programs, the Snark and the Navaho,
began in 1945 and 1946, respectively The 70-foot long Snark had a top speed of nearly
600 miles per hour and could carry a 7,000-pound warhead 5,000 miles. The Navaho was
a more ambitious project. It was equivalent in size and range to the Snark, but was pro-
pelled by two powerful ramjet engines that gave it a top speed of 2,150 miles per hour.

Until 1954 the Air Force favored the air-breathing missiles over ICBMs because it
believed the former would be easier to build and was a convenient technological midpoint in

% The range of the BOMARC and Nike air defense missiles was expressed in terms of statute miles.
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the development of an ICBM. Both were errpneous assumptions. The Snark and Navaho
programs were beset with severe guidance and control problems that were never adequately
resolved. After spending hundreds of millions of dollars, the Air Force canceled the Navaho
program in 1958. It briefly deployed one squadron of Snark missiles in the early 1960s.

While the Air Force was spending huge amounts of money on its air-breathing mis-
siles, the Atlas ICBM program, which began in 1946, languished in obscurity. Many Air
Force officers dismissed the ICBM as “Buck Rogers” stuff. The critics charged that the
ICBM was not technologically feasible; they also begrudged it the money it was divert-
ing from the service’s aircraft development programs.

Given the technology of the day, the ICBM was a radically new weapon. The Atlas
stood 82 feet tall, was 10 feet in diameter, and powered by three large liquid-fuel rocket
boosters. Depending on the propulsion system and payload, Atlas had a range of 5,500 to
6,750 nautical miles and a guidance system accurate enough to land the warhead within
2 nautical miles of its target.® Flying at nearly 16,000 miles per hour, a flight of 6,750
miles would take just 43 minutes. Moreover, once in flight, the ICBM was virtually
impossible to intercept.

After considerable foot-dragging, the Air Force accelerated the Atlas program in the
spring of 1954; then progress became rapid. But Atlas was not the only ICBM program
underway in the late 1950s. In 1955 the Air Force began work on a second ICBM, the
large liquid-fuel Titan, as a hedge in case the Atlas failed. Three years later it started
work on a third ICBM, the solid-fuel Minuteman.

In the late summer of 1957 the Soviet Union boasted it had an operational ICBM,
and the following October shocked the West when it launched Sputnik. As the tiny satel-
lite whirled around the earth, Congress demanded to know the status of the American
missile program and the phrase “missile gap” entered the political lexicon. Beginning in
June 1959 the Air Force, in conjunction with its European allies, deployed seven
squadrons of Thor and Jupiter intermediate range ballistic missiles (IRBMs) in Europe.
The IRBMs had a range of 1,500 miles and were based in Great Britain, Italy, and
Turkey. Within the United States the first Atlas ICBMs went on operational alert in
September 1959, followed by the first Titan squadron in April 1962, and the first ten
Minuteman missiles in October 1962. The Air Force continued to deploy ICBMs through-
out the decade, and by 1969 1,054 missiles stood poised in their underground silos.

The Changing Face of the U.S. Missile Force

The 1960s and 1970s saw widespread changes in the U.S. defensive missile force.
Beginning in the mid-1960s the Army began to close many of its Nike installations, a
move prompted in part by improved relations with the Soviet Union and also by the
need to pay for America’s rapidly escalating involvement in Southeast Asia.

bA nautical mile is equal to 1.15 statute miles. The ranges and accuracy requirements for the ICBMs and
IRBMs cited in this study are expressed in nautical miles.
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But important technological changes were also at work. By the mid-1960s it
became apparent that the Soviet Union was not going to build a large fleet of long-
range bombers. Instead it focused on developing a large ICBM and submarine-
launched ballistic missile (SLBM) force, and in doing so, rendered much of the U.S. air
defense system obsolete. In an effort to regain the technological initiative, the Army
experimented twice with developing an antiballistic missile (ABM) defense system, but
the program was canceled shortly after the Anti-Ballistic Missile Treaty was signed in
1972.

The cancellation of the ABM program reflected the United States’ realization that it
could do little to defend itself against a Soviet ICBM attack other than to respond in
kind. It was that grim logic that drove the Reagan administration to embrace the
Strategic Defense Initiative during the 1980s. Despite the billions of dollars spent on the
program, the end of the Cold War and the absence of a domestic consensus on the need
for such a system led to its demise.

While defensive missile systems went into decline in the 1960s, new and upgraded
ICBMs continued to enter the inventory throughout the Cold War. Over time the mis-
siles became progressively more powerful and more accurate, and their launch com-
plexes better hardened to withstand a nuclear attack. By 1965 the Air Force had retired
all its temperamental Atlas missiles and replaced the Titan Is with the improved Titan
11s. It had also deployed 800 of the new solid-fuel Minuteman missiles, each housed in
an unmanned silo and ready to fire at a moment's notice.

Starting in 1966 the Air Force began upgrading the Minuteman force with the new
Minuteman Il. This missile had a longer range, a more accurate guidance system, and
carried a more powerful warhead than its predecessor. Further improvements followed,
and in 1971 the Air Force deployed its first Minuteman I1l. The new missiles were the
first ICBMs to be fitted with multiple independently targetable reentry vehicles
(MIRVs). Each missile carried three warheads, each accurate to within 800 feet.

The final installment in the Cold War ICBM program was the Peacekeeper or MX
missile. Concerned over the increased size and accuracy of the Soviet ICBMs the Air
Force explored nearly 40 basing schemes for its new ICBM, ranging from shuttling
them over the southwest on railroad cars to basing them deep in the ocean floor. While
the debate over the basing strategy raged in Congress, between 1986 and 1988 the Air
Force installed 50 Peacekeepers in reconfigured Minuteman 11l silos. The new ICBM
was a four-stage solid-fuel missile that carried ten warheads, each accurate to within
400 feet. The Air Force, however, was unable to devise a satisfactory basing strategy,
and Congress canceled the Peacekeeper program after the first 50 missiles were
deployed.

The Physical Legacy of the Missile Program

The Army and Air Force missile programs left an indelible imprint on the American
landscape. Missile launch sites, scattered from California to Maine and from Texas to



To Defend and Deter: The Legacy of the United States Cold War Missile Program

North Dakota, dotted the country. The Army built 263 Nike batteries in the continental
United States and Alaska, and an enormous ABM complex in North Dakota. To house its
ICBM force, the Air Force built over 1,200 launch facilities clustered in and around 22
installations in 17 states. But these launch sites represent only the tip of the iceberg;
behind them lay a complex infrastructure of research laboratories, test sites, production
facilities, training centers, and logistics and maintenance facilities. It was these diverse
elements that furnished the United States with a powerful defensive and deterrent mis-
sile force.

Today, half a century after the Cold War missile program began, many of these facili-
ties are still in use. Many others, however, have been closed down or abandoned as a
result of advancing technology, arms limitation treaties, or the post-Cold War military
drawdown. Before these missile facilities and artifacts are destroyed, it is necessary that
they be examined and cataloged to enable future generations to understand and assess
the legacy of the Cold War missile program.

Purpose of This Document

This study was written primarily as a research guide for Department of Defense
(DoD) cultural resource managers. Its purpose is three-fold. First, it traces the evolution
of the Cold War missile program to enable the readers to evaluate missile facilities and
artifacts in their proper historical content. Second, through the comprehensive listing of
missile facilities and launch sites, the study establishes the missile program’s scope and
its truly national impact on the American landscape. Third, through the combination of
the historical narrative, extensive bibliography, and weapon system profiles, the study
aims to provide its core DoD audience, plus state historic preservation officers (SHPQOs),
military facility managers, and scholars with a readable, informative guide that can
serve as a solid foundation for further research.

Scope of the Study

Considering the sheer number of missiles the United States developed during the
Cold War, it became apparent early in the work that this study could not address them
all. Some were one-of-a-kind test models, others were more fully developed but never
entered production, and still others were operational for only a limited time. To deter-
mine which missiles should be included in the study, the authors assessed the strategic,
economic, and cultural significance of each. That led to two general guidelines. First, the
study includes only missiles that entered full-scale production and were deployed at fixed
launch sites within the United States. Second, the study does not consider wing-mounted
tactical and intermediate-range missiles because they did not exert a decisive strategic
impact and had no extensive network of fixed launch sites and support facilities.

Using these selection criteria, the authors focused on missiles with intercontinental
range and air-defense missiles deployed at fixed launch sites. The missiles that met
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these criteria were Atlas, Titan | and I, Minuteman I, Il, and 111, and Peacekeeper
ICBMs and the Snark, an early cruise missile. The defensive systems examined included
the Nike family and BOMARC, and the Sentinel and Safeguard antiballistic missile sys-
tems.

There were, however, exceptions to the listing criteria. The Thor and Jupiter
intermediate-range ballistic missiles were included because, despite being deployed
exclusively abroad, they were (during the late 1950s and early 1960s) a critical com-
ponent of the nation’s long-range ballistic missile force.

Organizing the Report

In assembling this report the authors sought to strike a comfortable balance
between historical scholarship and the more concrete requirements of the cultural
resource manager. Fortunately the two disciplines proved to be complementary and the
needs of one invariably strengthened the other.

The study contains three parts, each one being progressively more specific. Part | is
an introductory essay that examines the evolution of the U.S. missile program and its
impact on the American military and society. Part Il contains profiles of the weapon sys-
tems. Part Il is a state-by-state listing of missile sites and related facilities.

By design, the three parts are closely intertwined. For example, because Part | is an
overview of the entire missile program, it does not include detailed descriptions of the
missiles systems or the facilities. That information is contained in Part Il, which is a
series of illustrated technical descriptions of each major weapon system included in the
study. Each profile includes a developmental history, technical specifications, a descrip-
tion of the launch facilities, and an operational history. Part Ill contains information on
missile sites and facilities. The state-by-state list includes launch sides; research, devel-
opment, test, and evaluation (RDT&E) facilities; and logistic support, training, and gov-
ernment production facilities.

Each part includes bibliographic information. The bibliography for Part | is the most
extensive because it covers the entire missile program. In Part Il the bibliographies that
accompany the weapon system profiles address the individual weapon systems; and in
Part 11l the bibliography includes citations for each military reservation. Appendix A
lists the current status of the sites listed in Part Ill. Note, however, that the information
in the Appendix is subject to change. It was current as of mid-1995.

Photographs

This study contains many photographs and illustrations that provide vibrant images
of the people, places, and weapons systems that shaped the Cold War missile program. A
listing of the photo and illustration credits is included in Appendix B.
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CHAPTER 1

IN THE BEGINNING:
THE EARLY HISTORY OF ROCKET

AND GUIDED MISSILE DEVELOPMENT

The U.S. Cold War missile program left a very rich and diverse legacy of artifacts,
both large and small. They range from the mighty intercontinental ballistic missiles
(ICBMs) to sleek Nike surface-to-air missiles; from Nike missile bases located on the
outskirts of major U.S. cities to the unmanned Minuteman ICBM silos buried under the
desolate plains of North Dakota; from the laboratories at the California Institute of
Technology to the huge rocket engine test stands at the Redstone Arsenal, Huntsville,
Alabama.

Taken individually, these artifacts might appear as nothing more than a jumble of
weapons technology and abandoned launch sites, all of which were once supported by a
complex infrastructure of test sites and support facilities. But in a larger context, the
physical legacy of the Cold War missile program mirrors the broad historic themes of
the period. The growth of the U.S. missile program reflected the exigencies of the Cold
War, the maturation of aerospace technology, and basic changes in the nation’s strategic
posture.

Early Rocketry

Although the exact origin of the rocket is unclear, the Chinese are credited with
inventing rockets and were known to use them in combat, primarily as incendiary
weapons, in the 13th century. The missiles were relatively crude, consisting of little
more than a hollow bamboo tube stuffed with black powder and affixed to a long bamboo
pole for stabilization. But these weapons had all the distinguishing characteristics of
modern rockets: the black powder supplied both fuel and an oxidizer to support combus-
tion independent of an external air supply, and they were not actively guided in flight.
One simply pointed the rocket at the enemy, lit the fuse, and then watched it go.

The Mongols and Arabs soon transferred rocket technology to Europe, and by 1379
the Italians were calling them rocchetta, from which the term “rocket” is derived.
Between the 15th and 18th centuries the French, Dutch, and Germans all developed
rockets, and some were used in combat. The Europeans used rockets as direct-fire
weapons. Rockets were an appealing alternative to artillery; they were easier to trans-
port, required less training to use, and could deliver explosive shells, grapeshot, or fire-
bombs.
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The British started experimenting with rockets at the beginning of the 19th century.
In 1807, Colonel William Congreve of the Royal Laboratory of Woolwich Arsenal began
developing a series of barrage rockets weighing between 18 and 300 pounds. The most
popular of Congreve’s rockets was the 32-pounder, which had a cast-iron warhead, was
affixed to a 15-foot wooden shaft, and had a range of 3,000 yards.

Rocket design remained relatively static during the remainder of the 19th century.
The British used Congreve rockets with moderate success against American forces dur-
ing the War of 1812. The rockets were ineffective in the famous bombardment of
Baltimore’s Fort McHenry, but the memory of the “rockets’ red glare” is preserved in
the U.S. national anthem. American forces, armed with spin-stabilized rockets, fought
in the Mexican War, but the military’s interest in the technology waned after midcen-
tury. Rockets were little used during the American Civil War as the increased range
and accuracy of rifled artillery reduced the rockets’ utility as direct fire weapons, and
parallel 1improvements in communications reduced their usefulness as signaling
devices.

The decline of military rocketry continued in the early 20th century with the wide-
spread use of radio and rifled breech-loading artillery. However, during World War 1,

Developed by the U.S. Army, the Kettering “Bug” combined a rudimentary inertial guidance

system with aircraft technology.
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inventors in the United States and Great
Britain took the first halting steps toward
the development of guided missiles when
they outfitted small aircraft with auto-
matic guidance systems to create “flying
bombs” or “aerial torpedoes.”” Although
these fragile craft proved to be of little
practical value, they established the idea
that the difference between a rocket and
missile was a matter of guidance. Rockets
are not guided in flight; missiles are.

During the early 20th century a small
group of civilian scientists and inventors
began exploring the feasibility of using
rockets for space travel. One of the most
notable was an American, Dr. Robert
Goddard. In 1909 Goddard, a physicist at
Clark University in Worcester,
Massachusetts, began detailed studies of
the physical properties of liquid- and solid-
fuel rocket motors. By 1914 his work had
progressed to a point where the U.S. gov-
ernment awarded him patents for seminal
innovations in the areas of combustion
chambers, propellant feed systems, and
multistage rockets.?

Dr. Robert Goddard with one of the early
liquid-fuel rockets.

In 1926 Goddard launched the world’s first successful liquid-fuel rocket from a farm
pasture near Auburn, Massachusetts, and in 1930 he established a research facility near
Roswell, New Mexico. During the following decade, Goddard and his two assistants
experimented with a wide range of rockets, the largest of which was 22 feet long, 18
inches i:n diameter, and weighed almost 500 pounds. In the most successful test, one of
his rockets soared to a record altitude of 9,000 feet.*

World War Il

While Goddard and his assistants were developing missiles in the arid Southwest, a
very different type of missile program was taking shape in Germany. In 1929 the
German Army, anxious to escape the prohibition on heavy artillery contained in the
Versailles Treaty, began to secretly explore the possibility of delivering explosives with
long-range rockets. In 1931 the German Army Board of Ordnance established a rocket
development group and in 1937 built a test station at Peenemiinde on the Baltic Coast.
On this isolated stretch of coastline the Germans developed the V-2, the worlds first
long-range ballistic missile.

13
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A cutaway view of the JB-2 bomb, the American copy of the German V-

While the German Army was experimenting with long-range ballistic missiles, in
1935 the Luftwaffe began developing a “flying bomb,” later known as the V-1.2 Designed
for mass production from inexpensive and readily available materials, the V-1 was 25
feet long with a wingspan of 16 feet. Lift was provided by the two stubby wings bolted to
the midsection of the fuselage. The noisy pulsejet engine that earned the V-l the nick-
name “buzz bomb” was mounted on the top of the fuselage behind the wings.

Most V-1s were catapulted off long inclined ramps, although a few were air-launched
from bombers. The missiles had a cruising speed of 340 miles per hour, a range of
approximately 150 miles, and were armed with an 1,800-pound conventional warhead.
The guidance system, which consisted of an onboard gyroscope autopilot and an altime-
ter, was inaccurate. German tests showed that at a range of 110 miles, only 31 percent
of the missiles would land within 15 miles of the target.®

Between June 1944 and March 1945 the Germans hurled 10,500 V-1s at Great
Britain. Most of the missiles never reached their targets. The British were able to
destroy 60 percent of the missiles in flight and in the process exposed their fatal flaw:
predictability. The V-1 was slow, and it maintained a constant course, speed, and alti-
tude. Once located, it could readily be intercepted.”

The V-I served as a powerful stimulus to the fledgling U.S. missile program. In July
1944 the Army Air Forces (AAF), working from salvaged parts, reproduced the German

4 The so-called “V” weapons were named by the German Ministry of Propaganda. The “V” stood for
Vergeltungswaffe (vengeance weapon): the V-l was the first of the series and the V-Z was the second.

14




In the Beginning: The Early History of Rocket and Guided Missile Development

missile and designated the American version the JB-2.* Initially the AAF envisioned
using large numbers of JB-2s in conjunction with its strategic bombing campaign, but
testing at Eglin Field, Florida, showed the missile to be too inaccurate and expensive for
that purpose. When the AAF terminated production of the JB-2 in September 1945, a
consortium of manufacturers had built 1,385 of these early “cruise missiles.” Although
the JB-2 never saw combat, it provided the AAF with valuable experience in missile
development and testing.?

Just as Britain was learning to defend itself against the V-Is, in September 1944 the
Germans unleashed a new missile, the supersonic V-2. The world’s first long-range bal-
listic missile, the bullet-shaped V-2 was 46 feet tall, 5 feet in diameter, and weighed 14
tons. Armed with a 1,650-pound conventional explosive warhead, the V-Z had a range of
230 miles. Powered by a single liquid-fuel rocket engine and equipped with a rudimen-
tary internal guidance system, the V-2 followed a parabolic flight path that carried it 50
to 60 miles above the earths surface. After reaching the apogee of its trajectory, the V-2
plunged back to earth at several times the speed of sound, offering no warning before its
deafening explosion at impact.

The V-2 was classified as a long-range bal-
listic missile because of its range and flight
characteristics. By today’s standards, the mis-
sile’s 200-mile range would make it a tactical
weapon, but in the mid-1940s the V-2 was con-
sidered a long-range weapon. The V-2 also had
the flight characteristics of a ballistic missile.
The V-2 did not use aerodynamic surfaces to
produce lift; it was actively guided during the
first half of its flight; and after thrust from the
engines ceased, the missile followed a purely
ballistic trajectory down toward its target. In
other words, after the V-Z reached the apogee of
its parabolic flight path, the only forces that
controlled its descent were gravity and drag.

The V-2 was a technological milestone in
missile development. Although its effectiveness
was compromised by an inaccurate guidance
system and ineffective fuse mechanism, the V-2
lent a new and more ominous meaning to the
concept of air power. Once launched, the V-2
The German V-2, the world’s first long- could not be stopped. It was a terror weapon in
range ballistic missile. the truest sense of the word.

b JB stood for “Jet-Bomb.” The JB-2 was one of a series of jet-bomb projects the AAF sponsored during
the war.
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The Allies’ reaction to the V-2 attacks was swift and predictable. First they bombed
the launch sites. Next, in late 1944, the United States Army Ordnance Department
launched a research program to study long-range ballistic missiles. Finally, the Army
began searching for a way to intercept the V-2s in flight using antiaircraft artillery.

Independent of the stimulus that came from the German missile program, the
United States was without experience in rocket development at the end of the war. In
1936 a small group of graduate students at the Guggenheim Aeronautical Laboratory
(GALCIT) at the California Institute of Technology (Caltech) began experimenting with
rockets. Their goal was to develop a high-altitude sounding rocket that would enable sci-
entists to conduct experiments in the earth’s upper atmosphere. Over the next 2 years,
the group, led by graduate student Frank Malina, conducted numerous experiments and
engine tests. By 1938 they had accumulated a substantial body of test data.?

In 1939 Malina’'s work caught the attention of the U.S. Army Air Corps, which hoped
to use the rockets as supplemental power sources to help heavily-laden aircraft take off.
Later that year the Army hired the GALCIT group to develop jet-assisted takeoff (JATO)
apparatus, and between 1939 and 1942 the GALCIT scientists produced a series of pro-
gressively more powerful solid- and liquid-fuel JATO boosters.10

In the summer of 1943 Dr. Theodore von Karman, director of the Guggenheim
Aeronautical Laboratory, asked the members of the GALCIT project to evaluate several
startling British intelligence reports on the German rocket program. The GALCIT
group, which in 1944 began calling itself the Jet Propulsion Laboratory (JPL), consid-
ered the reports alarming and proposed initiating research to produce a long-range jet-
propelled missile.

The Army Ordnance Department accepted JPL's proposal, and in January 1944
awarded the laboratory a contract to develop a missile capable of carrying a 1,000-pound
warhead between 75 and 100 miles at a speed sufficient to avoid interception by fighter
aircraft. Reflecting the identity of the new sponsor, the new effort was called the ORD-
CIT project. ! In December 1944 JPL fired its first 24-pound solid-fuel Private A missile
from a temporary test range set up at Camp Irwin, California. The 92-inch long missile
had a range of about 11 miles.

JPL continued to develop missiles after the war, and in December 1945 it launched
its first liquid-fuel missile, the WAC Corporal. Powered by an Aerojet engine that gener-
ated 1,000 pounds of thrust, the missile rose to a then-record altitude of 235,000 feet.!2
In retrospect, Caltech’'s World War Il research and development (R&D) programs made
two important contributions to the postwar missile program. First, the Corporal evolved
into the Army’s first tactical-range surface-to-surface missile. Second, and more impor-
tant, the Caltech laboratories were the training ground for many of the scientists and
engineers who later played pivotal roles in the Cold War missile program.

In November 1944, in an effort parallel with JPL’s, the Ordnance Department hired

General Electric (GE) to study the development of long-range rockets and related equip-
ment. The study, called the Hermes Project, had three phases: collecting and analyzing
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technical data on rockets and guided missiles; assembling and launching captured V-2s;
and designing a family of new antiaircraft and intermediate-range surface-to-surface
missiles.

In another 1944 development, the U.S. Army Ground Forces asked the Ordnance
Department to explore the feasibility of developing a “direction-controlled, major caliber
antiaircraft rocket torpedo.” The search for a new antiaircraft weapon was prompted by
the introduction of new aircraft such as the German jets and the Army’s own high-flying
B-29 bomber, both of which revealed the limitations of conventional antiaircraft artillery.
Moreover, the Army wanted to determine if an antiaircraft missile would be a viable
form of defense against the V-2.

In February 1945 the Ordnance Department contracted with Western Electric to
study the feasibility of developing a surface-to-air missile capable of shooting down a
bomber such as a B-29. When the Army chose Western Electric and its research affiliate,
the Bell Telephone Laboratories, to design the new system, it sent aircraft manufactur-
ers a clear message: building missiles required expertise never before used in building
aircraft. The key components of the new antiaircraft missile system were radar and
high-speed computers, and Western Electric and Bell Labs had ample experience in
both. To compete in missile development, the airframe industry would have to develop
expertise in a number of new areas, particularly solid state electronics.

The World War ll-era research performed by JPL, GE, Western Electric, and Bell
Labs formed a firm foundation for later missile development. Equally important, the
working relationships forged between the military, the academic community, and indus-
try served as a template for later Cold War partnerships. Finally, many of the military’s
premier missile-testing facilities were established during World War I1l1. In November
1943 the Navy established a missile research and development complex at China Lake,
California, and in July 1945 the Army established its White Sands Proving Ground in
New Mexico. A week later, on land that would eventually become part of White Sands,
another technological achievement occurred that would greatly affect the future of mis-
sile development; the detonation of the first atomic bomb.

Endnotes
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CHAPTER 2

THE | MVEDI ATE POST-WAR ERA
1945— 1950: OPPORTUNITIES

AND CONSTRAINTS

For the U.S. missile program, the immediate post-war period was one of both
tremendous opportunity and frustrating constraints. The opportunities were the product
of the new technologies developed during World War II; technologies such as atomic
weapons and jet aircraft that had the potential to revolutionize warfare. In contrast, the
constraints were mainly a product of the immediate post-war period. Following the end
of World War Il the U.S. military underwent sweeping changes: the nation demobilized,
defense spending plummeted, and in 1947, the National Security Act resulted in a
wholesale reorganization of the military establishment.?

The factor that had the greatest impact on the missile program in the post-war period
was the shrinking defense budget. Defense spending had peaked at $81.5 billion in 1945.
In 1946 it fell to $44.7 billion, and in 1947 it further declined to $13.1 billion, The Army
Air Forces' (AAF) missile program was hard-hit by the budget cutbacks. In April 1946 the
AAF’s comprehensive missile development program consisted of 28 projects that included
surface-to-surface, surface-to-air, air-to-surface, and air-to-air missiles. In December 1946
the War Department reduced the AAF’s budget for missile research and development
(R&D) by more than 50 percent, from $29 million to $13 million. As a result, by July
1947, the AAF was forced to cancel 14 of its development projects.?

The drastic military spending cutbacks may seem paradoxical in retrospect. As the
euphoria of victory subsided, the United States found itself in an international landscape
changed forever by the upheavals of World War 1l. America’s role in the international
community had permanently changed: at war's end the United States was one of the
world’s two predominant military powers, and also the leader of the Western alliance. In
that capacity the United States was confronted not only with the challenges of convert-
ing its economy back to a peacetime basis, but also with helping the war-ravaged nations
of Europe and Asia rebuild their economies and stand up to challenges from an increas-
ingly bellicose Soviet Union.

Relations between the United States and the Soviet Union deteriorated rapidly after
the war. Soviet delays in withdrawing from northern Iran drew protests from

& The Act subordinated the military services under the new National Military Establishment (later to
become the Department of Defense), made the Secretary of Defense the principal advisor to the President in
all matters of national security, and established the Air Force as a separate service. Public Law 253, 61 Stat.,
Chap. 343, 80th Congress, 1st session, “The National Security Act of 1947” 26 July 1947.
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Washington, as did the Soviet handling of occupied Eastern Europe. At the Yalta confer-
ence in February 1945 Stalin promised Roosevelt and Churchill that the Soviet Union
would allow the nations of Eastern Europe to hold free and fair elections to choose their
own governments. The Soviets, however, soon reneged on their promise and over the
next 3 years installed a succession of satellite governments in the once-sovereign nations
of Eastern Europe.

Yet despite these worsening relations, the United States did not perceive the Soviet
Union to be an immediate military threat. U.S. leaders generally viewed the Soviet
Union as a tired and battered nation at the end of World War Il. Four years of fighting
had taken the lives of 22 million of its people, and great expanses of its cities and coun-
tryside lay in ruins. Although the mighty Red Army posed a constant threat to Western
Europe, the United States, then the sole possessor of the atomic bomb, was confident
that it could deter Soviet aggression through the threat of nuclear retaliation.

More important, to a nation anxious to forget about the war in Europe, the Soviet
Union seemed to be a distant enemy. In the late 1940s the Soviets did not have the
means to strike directly at the continental United States. The Soviet Union’'s small fleet
of long-range bombers lacked the forward air bases necessary to attack the United States,
and its navy was configured primarily for coastal defense. Furthermore, American ana-
lysts predicted that the Soviets would not obtain an atomic capability until the 1950s.

The Impact of Emerging Technologies

World War 11 produced a revolution in weapons technology that included atomic
weapons, jet aircraft, solid-state and miniaturized electronics, and long-range missiles.
After the war, U.S. military planners started to assess the impact of those technologies
and also began to debate which services would develop and control the new weapons.
Apart from the dispute over the Air Force’s self-proclaimed monopoly on delivering
nuclear weapons, no issue would be more hotly contested than the struggle for control of
the military’s budding guided missile program.

The bitter interservice rivalry that eventually arose over long-range missile develop-
ment illustrates the impact of new technology in blurring the distinction between the
services’ established roles and missions. Traditionally, a service’s roles and missions
were determined by its primary operational environment: the Army conducted combat
operations on land, the Navy at sea, and the newly independent Air Force, in “all opera-
tions in the air.”?

Although the services’ areas of operation had never been completely separate, long-
range missiles promised to further blur the distinctions by enabling each service to
encroach on the operational environment of the others. For example, the Army could use
long-range missiles to attack targets far behind the line of battle, thus undermining the
Air Force’s exclusive role in conducting strategic air warfare. The situation was much
the same for the Navy. Each service saw long-range missiles as an opportunity to
expand its scope of operations at the expense of a rival. This competition produced an
inevitable succession of conflicts. Fach service zealously guarded the integrity of its role
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because it was on that basis that missions were assigned and funding allocated.
Moreover, because neither the Army nor Navy was equipped to deliver nuclear weapons
in the late 1940s, each saw missile programs as a means to acquire a nuclear capability.

Long-Range Missile Development

The jurisdictional dispute over guided missiles between the Air Force and Army
began during World War Il. At that time both the AAF (the Air Force's predecessor) and
Army Service Forces (ASF) began developing missiles. The AAF saw missiles as an
extension of aircraft technology that should be placed under its control. The ASF, which
included the Army Ordnance Department, argued in response that missiles were merely
an extension of artillery. In 1944, to settle the dispute, Lt. Gen. Joseph T. McNarney, the
Army Deputy Chief of Staff, issued a directive assigning the AAF responsibility for mis-
siles launched from aircraft as well as surface-to-surface missiles equipped with wings
that provided aerodynamic lift. The ASF would be responsible for developing surface-
launched missiles that depended exclusively on momentum for sustaining flight.3

Initially the McNarney Directive appeared to favor the ASF, especially considering
the German missile technology the Army acquired at the end of the war. During the clos-
ing months of the war a team from the U.S. Army Ordnance Department raced into
Germany just ahead of the onrushing Soviets and retrieved huge quantities of valuable
technical data plus enough V-2 components to assemble 100 missiles. In an even greater
coup the United States secured the services of Germany’s top missile experts when
Wernher von Braun, technical director of the German Army Ordnance rocket develop-
ment program, surrendered to U.S. forces with approximately 120 members of his staff.

Under the code name “Operation PAPERCLIP,” the Ordnance Department transferred
von Braun and his missile development team to Fort Bliss, Texas, to continue work on the
V-2. These Germans brought to the United States extensive experience in the development
and testing of airframes, liquid fuel rocket engines, and guidance systems. They also had
first-hand experience in the production and deployment of a complex missile system.

Beginning in April 1946 GE personnel, working under Project Hermes, began collab-
orating with von Braun’'s team to assemble operational V-2s from the mountain of parts
brought back from Germany. Over the next 5 years they launched 67 of the refurbished
missiles from the White Sands Proving Ground. With this practical, hands-on training,
the American engineers gained valuable insight into designing, testing, and handling
large ballistic missiles.? The experience gained through Project Hermes was later
applied to a number of successful Army missiles.

Immediately after the war both the ASF and AAF charged ahead according to their
own interpretations of the McNarney Directive. In 1946, at the direction of General
Henry H. (Hap) Arnold, Commanding General of the Army Air Forces, the AAF greatly
expanded its missile research and development program. A key element in that program
was a December 1945 study entitled “Toward New Horizons,” prepared at Arnold’s direc-
tion and led by Caltech’s Dr. Theodore von Karméan, who was also the chairman of the
AAF Scientific Advisory Group.
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Von Kdarman recommended that over the next 10 years the AAF engage in the “sys-
tematic and vigorous development” of new technologies including long-range guided mis-
siles, which at that time the Air Force called “pilotless bombers.”” The ultimate goal of
the long-range missile program, von Karm#n wrote, was an intercontinental missile, and
he recommended that the Air Force develop two types. The first should be an air-breathing
“high-altitude, pilotless, jet-propelled bomber” with a speed of Mach 2 and a range of up
to 3,000 miles. These “pilotless, jet-propelled bombers” were the predecessors of today’s
cruise missiles. They derived aerodynamic lift from wings, required an external air sup-
ply, and were internally guided and powered throughout flight.

Von Karman also suggested that the Air Force develop a missile of the “ultrastratos-
pheric” type, powered by the “rocket principle” and not intended for level flight. What
von Kdrman envisioned was a ballistic “glide missile” with wings, which was one of the
conceptual predecessors of the intercontinental ballistic missile (JCBM). The wings were
intended to increase the trajectory of the missile and also provide it with additional sta-
bility during nonpowered flight.

In April 1946 the AAF missile program included 11 surface-to-surface missile-development
projects, of which all but one were air-breathing; the exception was a study project by the
Consolidated Vultee Aircraft Corporation (Convair) of Downey, California. Convair first
became involved in the missile program in October 1945 when, in response to an AAF
Technical Service Command solicitation, the aircraft manufacturer submitted a proposal to
study the feasibility of building a ballistic missile capable of carrying a  5,000-pound payload
up to 5000 miles. The AAF liked Convair's approach, and in April 1946 awarded the airframe
manufacturer project MX-774, a $1.4 million effort to study long-range ballistic — missiles.”

The missile that the Convair team designed was based on the proven V-2 but
included three pioneering innovations. To reduce weight, Convair abandoned the V-2’s
conventional fuselage composed of rings and stringers; instead the MX-774 would derive
its structural rigidity from pressurized, integral fuel tanks. Second, to stabilize the mis-
sile in flight and reduce drag, Convair abandoned the carbon steering vanes, which
worked much like the rudder of a boat, mounted in the engine exhaust. As an alterna-
tive it mounted the engines on gimbals, enabling them to swivel and supply directional
thrust. Third, to save weight, improve post-boost flight characteristics, and reduce fric-
tion during reentry, Convair pioneered the use of a separable warhead.®

The Convair project, however, would soon fall victim to post-war budgetary con-
straints. In July 1947 Convair had been working on the MX-774 for just over a year
when sweeping defense cutbacks prompted the AAF to cancel the program. The AAF
decided that the program was too expensive, estimating that completing R&D would
cost an additional $50 million. The AAF also forecast that the missiles would be prohibi-
tively expensive-about $500,000 each. Rather than investing more money in the long-
range ballistic missile program, the AAF’ felt it would be more prudent to build
air-breathing “glide type” missiles, which studies indicated would have a longer range,
larger payload, and would be easier to develop.?

Along with fiscal constraints, interservice rivalry and bureaucratic prejudices
worked against the Convair program. Maj. Gen. Donald Putt, Commander of the Air
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Force's Air Research and Development Command (ARDC) and later Deputy Chief of
Staff, Development (DCS/D), thought that the Air Force’s ongoing dispute with the Army
over the future of long range missiles weighed against the MX-774. Citing the
McNarney Directive, throughout the late 1940s and early 1950s the Army claimed that
all surface-launched ballistic missiles were merely extensions of artillery, and thus
should be under its control. Putt felt that by making its missiles air-breathing and giv-
ing them wings the Air Force was consciously trying to distance itself from the Army’s
interpretation that missiles were extensions of artillery. “We were afraid that if we
developed them [missiles] to look like rockets or a big artillery shell,” Putt said, “that
eventually the Department of Defense would give the mission to the Army. . . .10

Despite its decision to cancel the MX-774, the AAF allowed Convair to use its
remaining funds to build three small missiles to test the feasibility of the swiveling
motors, guidance system, and the separable warhead. The missiles, which Convair
referred to as the Hiroc (HIgh altitude ROCket) series, or RTV-A-2, looked much like a
much smaller version of the V-2. They were 32 feet high, 30 inches in diameter, and,
when fully loaded, weighed slightly over 2 tons. Propulsion came from four alcohol and
oxygen motors that together generated 8,000 pounds of thrust.

Between 1947 and 1948 Convair tested the RTV-A-2s at White Sands. Missile perfor-
mance improved with every flight, and the last missile soared to an altitude of over 30
miles. Although the test results were not spectacular, they were encouraging and confirmed
the desirability of using swiveling engines for flight stabilization and control.l! Yet despite

Built for the MX-774 program, Convair's RTV-A-2 missiles were the forerunners of
the Atlas ICBM.
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the promising results, the Air Force (it had become a separate service in September 1947)
refused to allocate additional funding for the ballistic missile program. Unwilling to aban-
don the project and lose its lead in a potentially lucrative market, Convair decided to sup-
port the ICBM program until it could find a new government sponsor to fund it.

When it canceled the MX-774, the nation’s only ICBM development program, the
AAF continued to develop two strategic air-breathing missile programs: the Snark
(SM-62) built by Northrop Aircraft and the Navaho (XMS-64) built by North American
Aviation. From the AAF’s perspective, air-breathing missiles had two distinct advan-
tages. First, the AAF thought that air-breathing missiles could be developed quickly and
easily; and second, at that time, their 5,000-mile range and 7,000-pound payload far
exceeded the capabilities of ballistic missiles. The payload was the key factor; the Air
Force based the payload requirement on the size of its smallest atomic warhead. General
Putt also noted that these missile programs benefited from the Air Force’s institutional
bias in favor of aircraft. “The air-breathing missiles looked like aircraft,” Putt said, and
psychologically that made them easier to accept than the bullet-shaped ICBMs.!2 The
Air Force even reclassified its air-breathing missiles as “strategic pilotless bombers” to
reinforce its claim that the missiles were an offshoot of aircraft.

Long-Range Air-Breathing Missile Development

The Snark program began in March 1946 in response to an AAF requirement for a
missile capable of carrying an atomic warhead 5,000 miles at a speed of 600 miles per
hour, The Snark looked much like an airplane. The swept-wing missile was 67 feet long

The Snark’s long-range and heavy payload made it an attractive alternative to ballistic missiles.
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and had a wingspan of almost 43 feet. Initially the
prime contractor, Northrop Corporation, promised
the Air Force that it could develop the missile
within 21/, years at an average cost of $80,000 for
each missile. Development of both the airframe
and the guidance system proved much more diffi-
cult than Northrop expected, and the first success-
ful flight was not launched until April 1951.13

To complement the Snark, the AAF began work
in April 1946 on another long-range air-breathing
missile, the supersonic Navaho. This new missile
would have the same range and payload as the
Snark, but was designed to travel at supersonic
speed. In its final form the delta-wing Navaho was
70 feet long and powered by two powerful ramjet
engines that gave it a cruising speed of 2,150 miles
per hour. Launched vertically, the missile sat atop
a 76-foot rocket booster that carried it up to its
operating altitude and then fell away.

The Air Force’s decision to abandon the ICBM
in favor of the Snark and Navaho would have far-
reaching consequences. Initially, air-breathing
missiles offered superior performance, but in the
early 1950s, improvements in ballistic missile
technology erased that early advantage. Perhaps
the Air Force assumed that air-breathing missiles would be a technological midpoint in
the development of the ICBM, but the assumption proved to be incorrect.!* The Snark
and Navaho programs turned out to be far more difficult than expected, and with the
exception of the Navaho booster, the technology was not readily adaptable to the ICBM
program.

Launched atop arocket booster, the
Navaho cruised at supersonic speed.

Both the Snark and Navaho missiles were plagued with severe guidance and control
problems. So many Snarks crashed during testing that the waters around Cape
Canaveral, Florida, were said to be unfit for swimming because they were “Snark
infested.” Navaho's persistent technical problems earned it the moniker “never
go-Navaho.” That name proved to be prophetic: after spending $700 million the Air
Force canceled the Navaho program in 1958. The Snark, on the other hand, saw brief

duty. The Air Force deployed a single squadron at Presque Isle, Maine, in February
1961, then deactivated it less than 6 months later.l5

Surface-to-Air Missiles

A debate over surface-to-air missiles eventually would mar relations between the
Army and Air Force in the 1950s. The Army Ordnance Department’'s surface-to-air missile
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program began in late 1945 when it hired Western Electric to develop what later became
the very successful Nike system. At the same time the Army was developing Nike, the
AAT was also supporting three surface-to-air missile projects: Thumper, Wizard, and the
Ground-to-Air Pilotless Aircraft (GAPA).

Thumper and Wizard were study programs. For the Thumper project General
Electric envisioned a short-range “collision intercept” defense missile to counter V-2 type
weapons. The Wizard project was more difficult. In that effort the AAF asked the
University of Michigan to investigate the feasibility of developing a missile that could
defend against incoming ICBMs.16

The contractor for the GAPA missile program was the Boeing Aircraft Company.
The Air Force envisioned that GAPA, conceived late in World War |1, would be a ramjet-
powered missile launched by a solid-propellant booster capable of reaching an altitude
of 60,000 feet at a range of 35 miles. Conceptually, under the provisions of the October
1944 McNarney Directive, GAPA should have been under the jurisdiction of the Army
Ordnance Department. However, the AAF took considerable pains to explain that guid-
ance for GAPA obviously would be determined by aerodynamic forces, thus placing the
project within “the sphere of responsibility of the Army Air Force,”17

GAPA showed promise. After a year of successful prototype testing from Wendover
Air Force Base in Utah, the Air Force assured the President’s Air Policy Commission in
October 1947 that GAPA should be operational by the mid-1950s. But in 1948 budget
cuts prompted the Air Materiel Command (AMC) to reduce funding for the program
from $5.5 million to $3 million, hardly enough to sustain Boeing’s R&D organization.
The final blow to GAPA came in late 1949 when the Joint Chiefs of Staff (JCS) decided
that the three services were developing too many short-range surface-to-air missiles.
GAPA was canceled.18

The debate between the Army and Air Force over surface-to-air missiles was typical
of the type of disagreements that kept appearing as the services attempted to define
their respective roles and missions. Unable to wrest agreement on service functions from
the JCS, Secretary of Defense James Forrestal in March 1948 held a meeting with the
JCS at the naval station at Key West, Florida.

Before the Key West Conference, negotiations between the services had foundered on
determining what role the Navy should have in strategic air warfare, and whether the
Army or the Air Force would have responsibility for land-based air defense. After the
meetings, the service chiefs agreed that the Air Force would have sole responsibility for
strategic air warfare as well as the lead role in protecting the nation against air
attack.!® The Army, however, still had a role in continental air defense because it
retained responsibility to “organize, train, and equip” antiaircraft artillery units. At first
glance it appeared that the Army and Air Force air defense roles overlapped, but in
practice the roles were quite different. Continental air defense was a huge undertaking
that required a complex infrastructure of early-warning radars, fighter aircraft, and
command and control facilities. In contrast, the Army’s antiaircraft artillery (AAA) bat-
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teries were intended for point defense to protect targets such as a bridges, airfields, or
troop concentrations.

Although the Key West Conference assigned a role for Army AAA within continental
air defense, the Army refused to place its antiaircraft batteries under Air Force control.2®
The Army argued that if it diverted a portion of its limited antiaircraft capability to con-
tinental air defense, troops in the field would be left without an adequate air defense
capability. In a sense this was true; at the time, most of the Army's AAA units were in
reserve status, attached administratively to the six continental armies. The great major-
ity of the Army’s active AAA units were deployed abroad because the Army considered a
Soviet attack on U.S. forces overseas much more likely than an assault on the American
mainland.

The bickering between the Army and the Air Force abated in September 1949 when
a somber President Truman told the nation that the Soviet Union had developed an
atomic bomb. Suddenly, continental air defense, previously a low priority, became a
pressing concern. Faced with this new threat, in the fall of 1949 the Air Force began for-
mulating an integrated air defense system, and called upon the Army and the Navy for
support. In the spring of 1950 the Army deployed the 518th AAA Battalion at Hanford,
Washington, to protect the atomic weapons production facilities. It was the first of many
AAA units to deploy around the nation’s vital military and industrial areas. In July 1950
the Army established the Anti-Aircraft Command (ARAACOM) and a month later, in a
spirit of cooperation brought on by a sense of urgency, agreed to place its AAA units
under operational command of the Air Force’'s Continental Air Command.?!

Despite the fiscal constraints and rivalries that at times appeared to hobble the
three services, between 1945 and 1950 the guided missile program made some progress.
The Army’s Nike program continued to make steady progress; air-breathing missile
development was somewhat erratic; and the Air Force contemplated the fate of its ballis-
tic missile program.

One notable achievement during this period was the founding or expansion of many
missile development and test facilities. These facilities would later play crucial roles in
the Cold War missile program. The Army’s White Sands Proving Ground rapidly evolved
from a few Quonset huts into a premier research, development, test, and evaluation
facility used by all three services. During the late 1940s the Air Force also began build-
ing the Arnold Engineering Development Center at Tullahoma, Tennessee, which was
destined to become one of the most sophisticated aerospace testing facilities in the
world. At Edwards Air Force Base, California, during the same period, the Air Force
began construction of a series of massive rocket engine test stands for a facility that
later became known as the Rocket Propulsion Laboratory. Finally, in 1950, the Air Force
established a long-range missile test range headquartered at the recently deactivated
Banana River Naval Air Station on the east coast of Florida, 210 miles north of Miami.
The Air Force renamed the installation Patrick Air Force Base and designated it home of
the Air Force Missile Test Center. Among the facilities adjacent to the 16,000-acre base
were the launch sites at Cape Canaveral.
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CHAPTER 3

THE BEGINNING OF REARMAMENT,
1950- 1954

Upon learning that the Soviets had developed an atomic bomb, President Truman
acted with characteristic dispatch. He immediately ordered the Atomic Energy
Commission to launch the full-scale development of the hydrogen bomb. Soon after, he
created an interdepartmental task force led by the State Department's Paul Nitze to
conduct a general review of U.S. national security policy.

The study, called NSC-68, was completed in the spring of 1950. It warned that if the
United States was to deter Soviet aggression, it needed to spend considerably more on
national defense. Indicative of the dangers ahead, the study estimated that by 1954 the
Soviets would have enough long-range bombers and atomic weapons to launch a devas-
tating attack on the United States. To meet the Soviet threat, defense planners esti-
mated that by fiscal year 1952 defense spending would need to rise to $40 billion; almost
a 300 percent increase over the Pentagon’'s 1950 budget.

As if to confirm the dire warnings in NSC-68, in June 1950 North Korea launched a
surprise attack on South Korea and the United States suddenly found itself embroiled in
a conflict in Asia. As the military recalled reservists and mobilized to meet the challenge
in Korea, a massive U.S. rearmament campaign began.

In 1950 the Army and Air Force missile programs were at different stages. The Army
was making substantial progress on its Nike surface-to-air missile system and also begin-
ning work on a 500-mile tactical-range ballistic missile.? While the Army was diversifying
its missile program the Air Force used Secretary of Defense Louis Johnson’s March 21,
1950 directive on guided missiles to claim sole responsibility for developing all long-range
missiles.! During the early 1950s the Air Force directed most of its attention to coaxing
along its slow-moving Snark and Navaho air-breathing missile programs. At the same
time the Air Force’s other long-range missile program, the ballistic MX-774, was in limbo.
Officially canceled since 1947, the MX-774 led a curious unofficial existence, financed
mainly by Convair and quietly supported by missile advocates within the Air Force.

The 1949 revelation that the Soviets had tested an atomic bomb stoked new interest
in air defense, particularly the Army’s Nike program, which had made great strides

& The rapid evolution of missile technology after World War Il made missiles suitable for an increasingly
wide range of missions. Whereas the V-2 was considered “long-range” in the mid-1940s, by the early 1950s
the United States was developing three distinct classes of ballistic missiles: (1) tactical missiles with ranges
under 500 miles; (2) intermediate-range missiles with ranges of approximately 1,500 miles; and (3) strategic
or intercontinental-range missiles with ranges in excess of 1,500 miles.
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since its inception in 1945. The Air Force air-defense missile programs had not fared as
well. The Air Force lost its first surface-to-air missile program, the ground-to-air pilot-
less aircraft (GAPA) project, in 1949. However, the Air Force was unwilling to allow the
Army to exercise complete control over ground-based air defense, and that same year
the Air Materiel Command (AMC) contracted with Boeing Aircraft and the University of
Michigan’s Aeronautical Research Center to develop a long-range air defense missile,
which came to be known as the BOMARC (IM-99).

In October 1950 K.T. Keller, the Secretary of Defense’s newly appointed Director of
Guided Missiles, recommended that the Army’s Nike program be accelerated. At the
same time Keller also pushed to expedite the development of the Air Force’'s BOMARC.

In November 1951 a Nike successfully intercepted a target drone in the skies over White
Sands, and in 1952 Douglas Aircraft opened its first Nike production facility in Santa
Monica, California. In a related development, in April 1950 the Army began to consoli-
date its missile development programs at the new Ordnance Guided Missile Center at
the Redstone Arsenal in Huntsville, Alabama. One of the organizations transferred there
was the Ordnance Research and Development Division SubOffice (Rocket) formerly based
at Fort Bliss, Texas, and home to Wernher von Braun and the “Operation papeErcLI P
team. Since 1946 the Suboffice had administered Project Hermes, and in September
1950 the Ordnance Department ordered the Guided Missile Center to make a prelimi-
nary study of a 500-mile tactical-range ballistic missile. Under the direction of von

Braun, that study ultimately led to the Army’s successful Redstone and Jupiter missiles.

Early ICBM Development

While the Army consolidated its missile development program at Huntsville, the Air
Force allowed its ICBM program to languish. With a skepticism bred from extensive
operational experience, few in the Air Staff (the planning body within the Headquarters,
U.S. Air Force) believed that the ICBM could reliably and effectively attack targets at
intercontinental range. Instead, the Air Force chose to invest in new bombers and, to a
lesser extent, long-range air-breathing missiles.

Despite widespread hostility, a small group of ICBM advocates composed of Air
Force officers and their allies in industry lobbied for the Air Force to resume its support
of the ICBM program. Recent events strengthened their hand: the Soviets had developed
an atomic bomb, NSC-68 recommended that the United States diversify its nuclear
deterrent, and defense spending was on the rise. Even more promising, in late 1950 a
study by the Rand Corporation indicated that recent advances in engines and guidance
systems made the ICBM technologically feasible.?

This combination of events at home and abroad prompted the Air Staff to look at the
ICBM program in a new light, and in January 1951 it resurrected the ICBM. Although
the new study contract was essentially a continuation of the MX-774, the project was
given a new name: MX-1593. Under the terms of the contract, the Air Force directed
Convair to study the feasibility of developing a ballistic missile capable of carrying an
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8,000-pound warhead 5,000 miles and striking within a circular error probable (CEP) of
1,500 feet.P

Convair completed the missile study in July 1951. The airframe manufacturer con-
cluded that its long-range ballistic missile, which it now called Atlas, was technologically
feasible, and it urged the Air Force to begin development without delay. Convair then
submitted the study to the newly independent Air Research and Development Command
(ARDC).© ARDC shared Convair's sentiments. In September 1951 Brig. Gen. John
Sessums, the ARDC Deputy for Development, strongly urged the Air Staff to begin
development of a long-range ballistic missile immediately, and requested additional
funding to support the effort.?

The Air Staff did not share ARDC’s enthusiasm for the ICBM. It refused to fund a
full-scale development effort and ordered ARDC to limit its activities to a preliminary
test program.* ARDC protested the Air Staff's decision, noting that the Atlas guidance
system, engines, flight-control apparatus, and fuselage had already been tested success-
fully. It “urgently recommended” that the Air Staff establish a formal requirement for a
long-range ballistic missile. With the “proper application of funds and priorities,” ARDC
believed Atlas could be operational by 1960. Furthermore, ARDC warned that the Soviet
Union might also be developing an ICBM, and cautioned that if Atlas were delayed, “we
may be running a grave risk of being subjected to an intense bombardment to which we
may not be able to retaliate.”

The sparring between ARDC and the Air Staff continued for the next 2 years; ARDC
wanting to plunge into an ambitious development plan with an eye toward production
while the Air Staff favored a slower approach to begin with additional research. In 1953
the two sides finally reached a compromise that yielded a development plan. No definitive
date was set for completing the R&D phase; instead planners estimated it would be “some-
time” after 1964. The development plan provided for an operational capability in 1965, but
noted that this date could be moved ahead by 2 or 3 years with additional support.’

ICBM Technology

As ballistic missile technology continued to improve throughout the early 1950s, the
Air Staff's resistance to the ICBM program became increasingly untenable. For exam-
ple, when the Air Materiel Command canceled Convair's MX-774 program in 1947, one
reason given was that available engines lacked the power to deliver a warhead at inter-
continental range. Yet by the early 1950s North American’s X143-NA-3 engine, devel-
oped as a booster for the Navaho missile program and capable of producing 120,000

b The CEP is the radius of a circle within which half of the ordnance targeted for the center of the circle
can be expected to land.

¢ Before 1951 R&D was controlled by the Air Materiel Command (AMC), Critics of the arrangement com-
plained that AMC was not structured to support far-reaching research programs like the ICBM, and urged
that a separate R&D command be created.
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pounds of thrust, was considered the most advanced rocket engine in the world.”
Guidance technology was making similar strides.® Since the mid-1940s, C. Stark Draper
of the Massachusetts Institute of Technology Instrumentation Laboratory had been
experimenting with radio-inertial and all-inertial guidance systems. By 1951 Draper’s
all-inertial systems, tested aboard long-range aircraft, were accurate to within 2 miles
after a 3,000-mile flight.? There also had been substantial progress in designing a func-
tional reentry vehicle, the protective shroud that encased the warhead, which was con-
sidered by many experts to be the most difficult hurdle of the entire development effort.®
In June 1952 H. Julian Allen, a scientist at the National Advisory Committee for
Aeronautics, Ames Research Laboratory, pioneered the concept of the blunt-body reentry
vehicle that later became a central feature of the ICBM program.

A heat sink reentry vehicle on a Thor (SM-75) IRBM.

¢ Radio-inertial guidance used a series of ground-based tracking radars to determine the missile’s posi-
tion. That information was then relayed to ground-based computers that compared the missile’s position
against the programmed flight path and relayed course corrections to the missile’s flight control system. In
contrast, the all-inertial guidance system was completely self-contained. Before launch the missile was pro-
grammed to follow a specific flight path. Using a system of gyroscopes and accelerometers, the guidance sys-
tem constantly monitored the missile’s position relative to its designated flight path. If the missile strayed
from its programmed course, the guidance system sent COUISE corrections to the flight control system. Unlike
radio-inertial guidance, the all-inertial system was not susceptible to radio jamming.
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In the years that followed, the
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more streamlined and dissipated
heat as the outer layers burned

away.

A Air Force experimented with two
B types of reentry vehicles: heat
; { sink and ablative. The heat sink
] I vehicle contained a large, blunt
§ { copper core that absorbed heat to
JI | D keep it away from the sensitive
|
]

\

ey .
e During the early 1950s a revo-
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warhead; D--container for auxiliary equipment. by November 1952 successfully
tested an experimental device at
Eniwetok Atoll in the Marshall
Islands. Further improvements fol-
lowed rapidly, and by early 1953
the United States had perfected an operational thermonuclear weapon.V These new
weapons were several orders of magnitude lighter and more powerful than the fission war-
heads they replaced.” For example, the fission bomb dropped on Hiroshima weighed
approximately 10,000 pounds and had an explosive yield of 13 kilotons.f In contrast, by
mid-1953 scientists working for the Air Force estimated that by the end of the decade the
United States would be able to build a 1,500-pound thermonuclear warhead with a yield of
1 megaton. Only 15 percent the weight of the Hiroshima weapon, the thermonuclear
weapon would be approximately 70 times more powerful.

The heat sink reentry vehicle on the left absorbed heat;
the ablative vehicle on the right was designed to
dissipate it.

The advent of thermonuclear weapons enabled the Atlas design team to overcome
two of its most intractable problems, both related to the missile’s originally specified
3,000-pound fission warhead. First, by reducing the weight of the warhead from 3,000
pounds to 1,500 pounds, they could reduce the size of the missile by half. Second, because

€ They were called thermonuclear weapons because of the tremendous heat (nearly 100 million degrees
Kelvin) reyuired to facilitate nuclear fusion. They were also called “hydrogen bombs” because they used the
hydrogen isotopes deuterium and tritium as their principal fuel.

Fission weapons, such as those used at the end of World War 11, generate energy by splitting the nucleus
of very heavy atoms such as plutonium or uranium. In contrast, thermonuclear weapons generate energy
through nuclear fusion, the process of creating heavy nuclides from lighter ones. This process makes ther-
monuclear weapons more powerful, because a fusion reaction generates four to five times the energy produced
by fission. Thermonuclear weapons also can be made more powerful because they are not restricted by the size
of the critical mass.

I A Kiloton is equal to the explosive force of 1,000 tons of TNT; a megaton has the explosive power of
1,000,000 tons.
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the thermonuclear warhead was approximately 50 times more powerful than the pro-
posed fission warhead, and also had a much larger destructive radius, the missile’s CEP,
a measure of error in delivery accuracy, could be expanded from 1,500 feet to several
miles. Expanding the CEP made designing the guidance system much less complicated.

The Air Staff, however, failed to grasp the implications of these developments. These
men, who had spent much of their careers in the cockpit, seriously questioned whether
the ICBM could function as a reliable component of the nation’s strategic nuclear deter-
rent. Other Air Force officers resisted the ICBM simply because they were unable to
appreciate its tremendous potential. Many pilots were hostile to the ICBM because they
feared its effect on their profession. In the early 1950s the Air Force was a tightly knit
professional community dominated by pilots and centered on aircraft. Aircraft were the
cornerstone of the Air Force’s professional and social order, and any change threatening
to disrupt that paradigm was perceived by most of the officer corps with apprehension.l1

ICBM Advocates

Before 1953, ICBM advocates at ARDC had made little headway against their
entrenched opposition. That changed in the spring of 1953 when the ICBM program
gained two new advocates: Trevor Gardner and Bernard Schriever. Gardner arrived on
the scene first. In February 1953 he was appointed Special Assistant to the Secretary of
the Air Force for Research and Development. Gardner, 38 years old at the time, was an
engineer and businessman who left his job as president of Hycon Manufacturing in
Pasadena, California, to join the government.

Gardner was short and stocky, with closely cropped hair and wire-rimmed glasses.
Those who liked him called him blunt, outspoken, and a gifted manager. Herbert York,
the Director of the Atomic Energy Commission’s Livermore Laboratories, described
Gardner as “intelligent, vigorous, somewhat volatile, and impatient to make changes
quickly.”2 Gardner’s opponents were not charitable in their descriptions-they called
him “sharp, abrupt, irascible, cold, and a bastard.”3

James Killian, President Eisenhower’s respected science advisor, described Gardner as
“technologically evangelical,” and the new special assistant wasted little time in making
his mark on the Air Force. Soon after taking office Gardner embarked on an aggressive
campaign to identify and develop promising new technologies; this led him to the ICBM.
Gardner became a zealous proponent of the ICBM because he believed that if the long-
range missiles were developed quickly, they offered the United States a tremendous tech-
nological opportunity, He envisioned ICBMs providing the nation with a devastating and
virtually unstoppable nuclear deterrent, an advantage that would catapult the United
States years ahead of the Soviet Union in the arms race. Moreover, Gardner also promoted
ICBMs as a way to diversify the nation’s strategic nuclear deterrent, which at the time
was carried exclusively by the bombers of the Air Force’s Strategic Air Command (SAC).8

& A 1953 study by Rand mathematician Albert Wohlstetter found that as many as 85 percent of SAC’s
bombers could be destroyed on the ground by a Soviet surprise attack, leaving the United States open to
nuclear extortion. Fred Kaplan, The Wizards 0f Armageddon (New York: Simon and Schuster, 1983), pp. 90-102;
Michael R. Beschloss, Eisenhower, Krushchev, and the U-2 Affair (New York: Harper and Row, 1986), p. 73.
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To push the ICBM program forward, however, Gardner needed an ally in the Air
Force’'s R&D community. In March 1953 he found that ally in Brig. Gen. Bernard
Schriever, the Assistant for Development Planning under the Deputy Chief of Staff for
Development.

A bomber pilot and maintenance officer during World War 11, the tall, soft-spoken
Schriever joined the Air Staff in 1946. By 1953 he was one of the most influential mem-
bers of the Air Force’s then-small R&D community. Schriever was an ardent proponent
of new technology, and within several months be and Gardner had joined forces to pro-
mote a stronger role for R&D within Air Force war planning. Together they formed an
effective alliance. Schriever was the inside man, familiar with the Air Force’s ongoing
programs as well as the politics of the R&D process. Gardner made his contribution at
the secretarial level. His intuitive grasp of R&D, coupled with his aggressive approach
and the strong support he received from his mentor, Secretary of the Air Force Harold
Talbott, made him an unusually effective advocate. Gardner also understood the practi-
cal limits of his authority, and he was not afraid to go outside of the Air Force to win
support for his programs. The Atlas ICBM was a case in point.

The father of the Air Force ICBM program, General Bernard A. Schriever.
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Although both Gardner and Schriever recognized that the ICBM had tremendous
potential, they were also pragmatists. They understood that their support alone was
insufficient to overcome the Air Force’s resistance to the missile program. Faced with
widespread opposition, they realized that to accelerate the Atlas program they needed
two things: a convincing justification and a cadre of influential scientists and engineers
who would support their actions.

The justification Gardner and Schriever seized upon was thermonuclear weapons. In
the spring of 1953 the Air Force Scientific Advisory Board (SAB) estimated that by the
end of the decade the United States would develop a 1,500-pound thermonuclear war-
head with yield of 1 megaton. It is important to note that thermonuclear weapons were
not the single missing ingredient that made ICBMs possible; the warheads were only
one of several new technologies to be incorporated in the missile. But on a broader scale
thermonuclear weapons served as a badly needed catalyst to accelerate the ICBM pro-
gram. First, the new warheads furnished Gardner and Schriever with an ideal pretext to
lobby for taking a fresh look at the ICBM program. Second, because thermonuclear
weapons weighed far less and were tremendously more powerful than fission weapons,
they made the job of developing an ICBM much less demanding and much less expen-
sive, which in turn made the project politically feasible.

To exploit the thermonuclear technology breakthrough, Gardner and Schriever’s first
task was to get official confirmation of the SAB’s earlier unofficial estimates. They did
this through a subcommittee of the SAB’s Nuclear Weapons Panel, chaired by the distin-
guished mathematician John von Neumann of the Institute for Advanced Study,
Princeton, New Jersey. The authorization for von Neumann's study came from Air Force
Vice Chief of Staff General Thomas White, who at Gardner and Schriever’'s urging asked
the SAB to estimate the size, weight, and yield of nuclear weapons that could be devel-
oped over the coming 6 to 8 years.

Von Neumann’s group completed its study in October 1953. To no one’s surprise, the
Nuclear Weapons Panel confirmed that in the next 6 to 8 years the United States would
be able to build a thermonuclear weapon weighing 1,500 pounds and generating an
explosive yield of 1 megaton. The panel also observed that the size, shape, and yield of
thermonuclear weaponry made it perfectly suited for the ICBM. Equally important, the
von Neumann group noted that the new weapons would have a significant impact on the
current Atlas program. One of the most notable examples, the subcommittee found, was
in the area of guidance accuracy. In light of the thermonuclear warheads greatly
enhanced yield, von Neumann reasoned that the Atlas guidance requirements should be
eased considerably.* He recommended expanding the CEP to a range of 3.2 to 4.5 miles,
almost 16 times larger than the original 1,500-foot specification. '

The Teapot Committee

The Nuclear Weapons Panel’s finding enabled Gardner to convince Secretary of the
Air Force Harold Talbott that the Air Force’'s long-range missile program needed to be
evaluated “by a special group of the nation’s leading scientists.”'® With Talbott's
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approval Gardner began assembling his “blue ribbon” scientific advisory committee in

October 1953. Officially entitled the “Strategic Missiles Evaluation Committee,” every-
one referred to the group by its code name: the Teapot Committee. To lead the commit-

tee, Gardner once again called on the man Time magazine called “the smartest man on
earth,” the brilliant and affable Dr. John von Neumann.!®

Gardner gave the Teapot Committee a broad mandate: study the Air Force long-
range missile program and make recommendations for improving it.2 The committee
began meeting in October 1953, and over the course of the next several months it made
a detailed study of the Snark, Navaho, and Atlas programs.

The committee completed its succinct lo-page report in February 1954. The commit-
tee’s report stated that the Atlas program was beset by a number of serious technologi-
cal and managerial problems. The Committee found that many elements of Convair's
design were outdated and they recommended that the entire Atlas program be reviewed
in light of the recent advances in thermonuclear weapons.'”

Design deficiencies, however, were only the beginning of the problem. The Atlas pro-
gram’s most pressing need, the committee concluded, was new management. Convair’s
management approach, which used the technology and management techniques of the
airframe industry, proved ill-suited for missile development. In its place the committee
proposed creating a new “development-management” group composed of an “unusually
competent group of scientists and engineers capable of making systems analyses, super-
vising the research phases, and completely controlling the experimental and hardware
phases of the program.. . .” The committee warned that assembling such a staff might
require that the government “draft” members from industry, academia, and government.
Furthermore, the committee also cautioned the Air Force that if the new group was to be
effective it would have to be “relieved of excessive detailed regulation by existing govern-
ment agencies.”'8

The Teapot report provided Gardner and Schriever with powerful leverage for accel-
erating the Atlas program, and in meetings the following month with the Air Staff and
the Secretary of the Air Force they laid out the framework of a revised development
plan. Their goal was to establish a preliminary ICBM capability by mid-1958, and to
build 20 launch sites and 100 ICBMs by 1960. But to do that Gardner warned Secretary
of the Air Force Talbott and Chief of Staff Twining that the service would have to “dra-
matize” the development process by simplifying standard development procedures, giv-
ing the program a high defense priority, and placing the development effort under the
control of a high-ranking officer with direct access to senior Air Force officialg.’?

h The other members were: Hendrik Bode, Bell Telephone Labs; Louis Dunn, director of the Jet
Propulsion Laboratory, California Institute of Technology; Lawrence Hyland, Bendix Aviation; George
Kistiakowsky, Harvard University; Clark Millikan, president of the Guggenheim Institute, California
Institute of Technology; Allen Puckett, Hughes Aircraft; and Jerry Weisner, Massachusetts Institute of
Technology. U.S. Congress, House, Committee on Government Operations, Military Operations Subcommittee,
Hearings on the Organization and Management of Missile Programs, 86th Cong., 1st sess., (Washington DC:
GPO, 1959), p. 19.
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CHAPTER 4

THE ICBM PROGRAM TAKES FLIGHT,
1954 — 1955

The Teapot report provided Gardner and Schriever with a powerful tool for acceler-
ating the ICBM program, and in May 1954 Air Force Vice Chief of Staff General Thomas
White ordered that the Atlas program be accelerated to the maximum extent technology
would permit. White gave the ICBM program the service's top development priority and
assigned. responsibility for the program to ARDC with the understanding that the
research command would delegate that authority to a field office soon to be established
on the West Coast.!

The Western Development Division

That new office was ARDC’s Western Development Division (WDD), and in August
1954 Schriever became its first commanding officer. The WDD was a hybrid organiza-
tion, combining the functions of a program management office with the authority of
Headquarters ARDC. Reflecting the importance the Air Force now attached to the ICBM
program, ARDC gave Schriever “complete control and authority over all aspects of the
Atlas program . . .2 It was an unprecedented move, and one that gave Schriever extra-
ordinary powers. In addition, Schriever was also given the authority to bypass
Headquarters ARDC and communicate directly with major commands, the Air Staff, and
the Secretary of the Air Force.?

Initially the WDD was housed in a former parochial school, a rambling collection of
buildings on East Manchester Avenue in Inglewood, California, a suburb of Los Angeles.
Schriever occupied the principal's office and used the chapel as a conference room. His
staff, which called itself “the schoolhouse gang,” initially consisted of 12 officers and 3
enlisted men. It grew quickly. By December 1955 the WDD had grown to 166 people and
in early 1955 it moved out of its temporary quarters into a new four-building complex
near Los Angeles International Airport. The WDD’s rapid growth continued over the
next several years, and by early 1959 its military and civilian staff had grown to 1,200.*

But as the WDD took shape in Inglewood, Gardner was fighting a series of politi-
cal skirmishes in Washington. During the fall of 1954 he and Schriever became con-
cerned that the ICBM program’s hard-won independence was being compromised by
restrictive Air Force and Department of Defense budgeting procedures as well as
lengthy review and approval processes. In letters to Gardner, Schriever warned that
unless the troublesome requirements were lifted soon, the Atlas program would fall
behind schedule.
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In June 1954 the newly established Western Development Division found temporary quarters in
what was formerly St. John’s Catholic School in Inglewoocl, California.

To cut through the tangle of red tape that threatened to hold back the missile pro-
ject, Gardner launched a carefully orchestrated campaign to designate the ICBM as the
nation’s most important research and development program. Gardner reasoned that if
he could imbue the ICBM program with the same sense of urgency that surrounded the
vanHaTTAN  prasect,  he could thwart the efforts by the Air Force and DoD to exert
greater control over missile development.? Gardner realized that to get that same type of
priority would require high-level political support, and he thought the best place to get it
was the White House.

Search for External Support

Initially Gardner tried to approach President Eisenhower through the Office of
Defense Mobilization Science Advisory Committee (ODMSAC), a little-used organization
within the Executive Office of the President. In his meetings with the advisory commit-

4 Several of Gardner's critics charged that he wanted to wrest control of the ICBM program away from the
Air Force and create a completely separate missile development agency that he would run. Col. R.E. Soper,
interview by Harry C. Jordan, 29 November 1966, Air Force Historical Research Agency, Maxwell Air Force
Base, Montgomery, AL, p. 5.

40



The ICBM Program Takes Flight, 1954-1955

tee Gardner spoke forcefully of the Air Force’'s need to redirect its R&D programs to
make better use of new and emerging technologies, and he argued that the ICBM pro-
gram should be the centerpiece of that effort. The message Gardner wanted the commit-
tee to convey to President Eisenhower was clear: the White House needed to investigate
the political and strategic implications of new defense technologies.?

The committee, however, never got to voice Gardner’s concerns to the President.
Instead, President Eisenhower asked the committee to study how science and technology
could be used to protect the United States against the risk of a surprise attack.

In response to the President’'s request, the ODMSAC formed the Technological
Capabilities Panel, which soon came to be known as the Killian Committee after its
chairman James Killian, the president of the Massachusetts Institute of Technology.
Composed of 68 of the nation’s foremost scientists and engineers, the panel received sev-
eral briefings over several months from Gardner and Schriever on the status of the
ICBM program.

In February 1955 the Killian Committee briefed President Eisenhower and the
National Security Council (NSC) on its findings. The committee had looked closely at the
ICBM program and, on the whole, found that it was well run and progressing satisfacto-
rily. But the committee shared Gardner and Schriever's concerns about the future, espe-
cially the possibility that the ICBM program could be delayed by overly restrictive
development procedures. To offset that risk, the Killian Committee recommended that
the NSC should break tradition, it had never previously endorsed a specific weapon sys-
tem, and recognize the ICBM program as a “nationally supported program of the highest
order.”®

An unanticipated but welcomed byproduct of the Killian Report was the State
Department’s interest in the ICBM. The diplomats regarded the news of a possible delay
in the ICBM program with grave concern, fearing that there would be serious foreign
policy implications if the Soviet Union developed a long-range ballistic missile before the
United States. Reflecting the State Department’'s concern, Under Secretary of State
Herbert Hoover Jr. urged the NSC to recommend that President Eisenhower make the
ICBM program the nation’s top defense priority.”

At the same time Gardner and Schriever were feeding the State Department infor-
mation on the ICBM program, other missile advocates were briefing Senator Henry
Jackson (D-Washington), Chairman of the Military Applications Subcommittee of the
Joint Committee on Atomic Energy, on the hurdles facing the ICBM. Jackson was sym-
pathetic and agreed to press President Eisenhower for more vigorous action.
Consequently, in a June 1955 letter written for him by Gardner and Schriever, Jackson

too urged the President to designate the ICBM program as the nation’s foremost defense
priority.8

Acting on the advice of the State Department and Congress, on July 28, 1955

President Eisenhower summoned Gardner, Schriever, and von Neumann to the White
House to brief him and the NSC on the missile program. The hour-long meeting went
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well. The President and the NSC were receptive, and the missile advocates left the
meeting with a feeling of accomplishment.®

In the wake of the White House briefing events moved rapidly At the NSC meeting
on August 4, 1955 Eisenhower ordered the NSC Planning Board to prepare a list of pro-
posed changes to the ICBM program based on the Killian Committee Report and the
July 28th briefing. The Planning Board submitted its proposed NSC action to the
Council on August 30. Finding that “there would be the gravest repercussions on the
national security and the cohesion of the free world” if the Soviets developed an ICBM
before the United States, the Planning Board described the ICBM program as “one of
the highest priority.”

The State Department's Policy Planning Staff complained that the NSC’s proposed
action missed the mark. It said that designating the ICBM program as “one of the
highest priority” was meaningless because 180 other projects were in the same cate-
gory. The planning staff suggested that what the missile program needed instead was
specific relief against its most pressing problem-the seemingly endless cycle of pro-
gram reviews and budget approvals that threatened to disrupt Schriever's carefully
crafted development schedule. Using information supplied by Gardner and Schriever,
the State Department estimated that the ICBM program could be accelerated by a
year or more by streamlining administrative procedures, and it noted that the
Secretary of Defense had the authority to “short cut” the development process.
“Doubtless,” the Policy Planning Staff memo read, “to do so will entail certain risks of
waste of funds and effort. In view of the stakes involved, it appears that these risks
should be taken.”'®

The NSC ultimately recommended that the President increase his support for the
ICBM program, and in September 1955 Eisenhower approved NSC Action No. 1433,
which designated the ICBM program as the nation’s highest R&D priority and directed
the Secretary of Defense to prosecute it with maximum urgency.!! Several days later
Deputy Secretary of Defense Reuben Robertson transmitted the President’s message to
the Secretary of the Air Force and directed him to “recommend . . . as soon as possible
such additional actions or administrative arrangements as he considers necessary . . . to
implement this responsibility.”?

This was the chance the missile advocates had been impatiently waiting for. To pro-
vide the Secretary with the requested recommendations, in mid-September Gardner
asked Hyde Gillette, Deputy for Budget and Program Management in the Office of the
Air Force Assistant Secretary for Financial Management, to lead a study to streamline
management of the ICBM program. After a 5-week review, the committee released the
“Air Force Plan (revised) for Simplifying Administrative Procedures for the ICBM and
IRBM Programs.”™ The document soon came to be known simply as the “Gillette
Procedures.”

b The Intermediate-Range Ballistic Missile, IRBM, had a range of 5,000 miles.
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The Gillette Procedures

The Gillette Procedures were a thorough, top-to-bottom restructuring of the ICBM
program’s management structure and procedures. The focus of the procedures was the
reallocation of authority: they required the DoD to delegate, to the greatest extent possi-
ble, responsibility for the ICBM program to the Air Force, which in turn would delegate
that authority to Schriever and the WDD.13

The Gillette Procedures enabled the WDD to exercise greater control over procure-
ment and facilities construction, and they also established a separate budget category
for the ICBM program. The Gillette Procedures also overhauled the weapons system
planning process. Previously, WDD’s annual development plans were reviewed by liter-
ally dozens of DoD and Air Force agencies, reviews that sometimes could take months.
The Gillette Procedures swept that cumbersome system away and in its place estab-
lished two powerful new committees: the Office of the Secretary of Defense Ballistic
Missile Committee (OSD BMC), and the Air Force Ballistic Missile Committee (AF
BMC). The OSD committee was the “single program review and approval authority” at
its level, and it delegated administrative authority to the Air Force committee “to review,
approve, and direct implementation of the Ballistic Missile Program.” With review and
approval authority centralized within these two committees, decisions that previously
took weeks could be made within hours.1*

The breadth of Schriever's newfound authority put a premium on astute program
management. For that Schriever came to rely heavily on his systems engineering and
technical direction (SE/TD) contractor, the Ramo-Wooldridge Corporation.t The young
company was named after its founders, Simon Ramo and Dean Wooldridge, and had
been a part of the ICBM program since the days of the Teapot Committee.

Ramo-Wooldridge’s role in the ICBM program was a significant departure from the
Air Force’s established procedures. In the past, when developing a new aircraft or mis-
sile, the Air Force had always selected an aircraft manufacturer as the prime contractor,
and then relied on it to coordinate the development process. That arrangement, however,
would not work on the ICBM. Neither the Air Force nor Convair had the necessary
expertise in the critical areas of electronics, propulsion, and guidance to manage the
development effort. Unable to manage the project itself, and unwilling to give that
responsibility to Convair, the Air Force turned to Ramo-Wooldridge.15

Ramo-Wooldridge's role was controversial. The firm was responsible for much of the
day-to-day management and administration of the missile program. While directing the
efforts of the program’s many contractors, Ramo-Wooldridge was acting as the govern-
ment’'s agent. A number of critics, including the General Accounting Office (GAO), charged
the Air Force with abnegating its program-management responsibilities.’® Convair was
also vociferously opposed to the arrangement, charging that Ramo-Wooldridge was using

¢ Ramo-Wooldridge merged with Thompson products in 1958 creating Thompson-Ramo-Wooldridge, or, as
it is now called, TRW.
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its privileged position to steal the airframe manufacturer’s trade secrets. The Air Force
officers who worked with Ramo-Wooldridge, however, defended the company's role, saying
that its expert advice shortened the ICBM program by several years.

Concurrency

The Air Force was under intense pressure to deploy an ICBM by 1960, and to meet
that goal Schriever adopted a risky new development methodology he called “concur-
rency.”® Before the ICBM program, the Air Force usually developed its weapons systems
sequentially, completing one component and then moving to the next. Sequential devel-
opment was a conservative, slow-paced approach well suited to developing aircraft in
peacetime. Prototypes were built by hand and rigorously tested. Only after the Air Force
made its selection did the service think about producing the weapon in gquantity and
maintaining it in the field.

In contrast to the ordered cadence of sequential development, concurrency was a
dizzying whirl that Schriever described as “moving ahead with everything and every-
body, altogether and all at once, toward a specific goal.”?’ In other words, concurrency
was based on the simultaneous progress of R&D, production, base construction, training,
and support activities.

Although a seemingly straightforward concept, concurrency was difficult to apply.
Inherently it was a complex process, further complicated by the breadth of the WDD’s
program responsibilities. Unlike the process for developing a new aircraft that could use
existing runways and repair facilities, the WDD had to develop the missile, its support
structure, and the launch sites all at the same time. It was comparable, Schriever liked
to say, to making General Motors also build roads, bridges, service stations, and teach
driver’s education.!®

There is little question that concurrency enabled the Air Force to deploy its ICBMs
more quickly than it could have using sequential development. But saving time had its
price. For example, because the Atlas ICBM was developed at the same time its launch
facilities were being built, changes in the airframe often required costly modifications to
the silos. In short, the Air Force used concurrency to buy time: it considered developing
the missile quickly was more important than how much it cost.

The many managerial innovations the Air Force incorporated into the ICBM
program-an independent development organization, streamlined management, and
concurrency-were soon adopted by the other services. When the Army established the
Army Ballistic Missile Agency (ABMA) and the Navy created the Special Projects Office
to manage the Polaris project, both used the WDD as an organizational model. The simi-
larities did not stop there. The Army and Navy programs also operated under the
Gillette Procedures, used concurrency, and in one form or another, employed systems
engineering and technical direction contractors.

4 Strictly speaking, concurrency was not new; it had been used before, notably on the B-29 bomber pro-
gram. Schriever, however, was the first to apply concurrency on such a large scale.
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CHAPTER 5

THE DEBATE OVER INTERMEDIATE-RANGE
BALLISTIC MISSILES, 1955— 1958

At the same time the Air Force ICBM program was taking shape on the West Coast,
the Army was expanding its ballistic missile program at the Ordnance Guided Missile
Center at Redstone Arsenal, Huntsville, Alabama. One of the missile center’'s primary
missions in the early 1950s was developing tactical-range surface-to-surface missiles.
Under the direction of Wernher von Braun, the Guided Missile Center in late 1950
began 1Work on the Redstone missile, designed to deliver a 1,500-pound payload 500
miles.

To complement the Redstone, the Army also wanted to develop a ballistic missile
with a range of 1,000 miles, capable of engaging targets anywhere within a theater of
operations. By 1953 experience gained from the Redstone program convinced von Braun
and his staff that developing such a missile was within the Guided Missile Center's
reach, and they petitioned the office of the Chief of Ordnance for permission to do it.2

Killian Report

Despite several proposals by von Braun, the Chief of Ordnance showed little inter-
est in developing the 1,000-mile-range missile. The program likely would have
remained a low-priority study had not the February 1955 Killian Report sparked the
Army'’s interest in the missile. In its report to the President, the Killian Committee
urged that the United States, in addition to the ICBM, should also develop a new class
of 1,500-mile intermediate-range ballistic missiles (IRBMs) to counter a similar pro-
gram thought to be underway in the Soviet Union. Anticipating that an IRBM would be
easier to build than an ICBM, the committee feared that the Soviets would deploy their
IRBMs before the American ICBMs were ready. Not only would that be a blow to
American prestige, it would also allow the Soviets to intimidate U.S. allies in Europe
and Asia.

To counter the Soviet missile program, the committee recommended that the United
States develop both land- and sea-based IRBMs. Stationed at bases in Western Europe
and on ships steaming just off the Soviet coast, the missiles would counter-balance the
Soviet IRBMs and serve as a forceful reminder of the United States’ resolve.>

The Army and Navy were pleased with the committee’s recommendations. The
IRBM program offered them a chance to expand their missile programs and diversify
their nuclear delivery capabilities. The ruling also set another important precedent: it
broke the Air Force’s monopoly on long-range ballistic missile development.
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President Eisenhower endorsed the committee’s recommendations, and during the
fall of 1955 the three military services debated how they would develop the new mis-
siles. Initially the Army proposed building the land-based IRBM for the Air Force at the
Redstone Arsenal, but the Air Force, doubting that the Army would relinquish control of
the missile after it was completed, declined the offer. Initially the Air Force showed little
enthusiasm for starting yet another missile program. Its hesitation sprang from
Schriever’'s concern that diverting crucial resources to develop an IRBM would impede
the ICBM program. But when faced with the prospect of losing the mission to the Army
or Navy, the Air Force decided to build its own IRBM. At first the Western Development
Division (WDD) proposed developing the IRBM as a derivative of the ICBM, but after a
DoD study panel showed that approach to be impractical, the Air Force decided to
design a new missile, the Thor (SM-68).2

By the fall of 1955 all three services were requesting permission to build and operate
an IRBM, and that led to another round of interservice squabbling over roles and mis-
sions. In November 1955 Secretary of the Army Wilber Brucker made an impassioned
plea to the National Security Council (NSC) that his service be allowed to deploy an
IRBM, but the council did not support his cause. Later that month the Joint Chiefs of
Staff were unable to decide which service would build the new missile, and as a compro-
mise they recommended that the Air Force develop a land-based IRBM and the Army
and Navy jointly develop the sea-based version.* In December 1955 President
Eisenhower showed his support for the IRBM when he designated it as one of the
nation’s top-priority programs, second in importance only to the ICBM.5

Army and Air Force IRBM Programs

When the Army was negotiating with DoD to win a share of the IRBM program it
promised to establish an independent development organization to manage the effort.
On February 1, 1956 it kept that promise by activating the Army Ballistic Missile
Agency (ABMA) at Redstone Arsenal. The Army created the ABMA exclusively to
develop the Redstone (XSM A-14) and the new Jupiter (SM-78) IRBM. Much as the Air
Force did when it established the WDD, Secretary of the Army Brucker granted the
ABMA’s first commander, the flamboyant Maj. Gen. John B. Medaris, wide-ranging
authority. The Army gave Medaris complete control over its tactical and IRBM pro-
grams, and also allowed him to waive normal procurement regulations and communicate
directly with the Army Chief of Staff.’

From the outset the Air Force opposed the Army’'s Jupiter program, and relations
between the WDD and ABMA were strained. Incensed that the Army was meddling in
an area that had been its exclusive preserve, the Air Force was also concerned that the
Army IRBM, which depended on many of the same manufacturers and suppliers as the
ICBM, would impede work on the larger missile.” The Air Force also was deeply suspi-

2 |t should be noted that although Thor had a new airframe, it used the booster engine and guidance sys-
tem from the Atlas ICBM.
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cious of the Army’'s motives for entering the IRBM program. Many at the WDD feared

that the Jupiter program was only the opening salvo of an all-out Army attack to seize
the ICBM program and dominate the future military space program.®

A comparison between the Jupiter and Thor missiles reveals few major differences.
The Jupiter was a single-stage, liquid-fuel missile 60 feet tall, 9 feet in diameter, and
weighed 110,000 pounds. Guided by an all-inertial navigation system, Jupiter could
carry a 1,600-pound payload 1,500 miles. The Thor was a bit taller and slimmer, 65 feet
high and 8 feet in diameter, but weighed almost the same. It too used an all-inertial
guidance system, carried the same payload, and had a 1,650-mile range. Both missiles
used the same power plant-a single 150,000-pound thrust Rocketdyne engine that had
been developed for the Atlas program.?

The biggest difference between the Army and Air Force missile programs was not
the missiles but the methodology used to develop them. ABMA used a modification of the
Army’s time-honored arsenal concept. The missile was designed and the initial test mod-
els assembled by the ABMA and Redstone Arsenal. Once the Army was satisfied with
the prototypes, it awarded the production and technical management contract to the
Chrysler Corporation Ballistic Missile Division in Detroit, Michigan.

The Air Force used a different development
approach called the Air Force-Industry concept.
Instead of developing the weapons system in-
house, the Air Force relied on a team of contrac-
tors. Naturally, the Army was critical of the Air
Force’s methods, alleging that the contractors, not
the Air Force, were running the missile program.
The Air Force fired right back: it argued that the
arsenal approach failed to make full use of the
nation’s scientific and industrial capabilities.
Furthermore, it charged that the handcrafted
Jupiter prototypes built at Redstone had little
operational value.!?

Less than a year into the IRBM program,
Jupiter suffered two major setbacks. The first
came in September 1956 when the Navy with-
drew from the project to build the solid-fuel
Polaris submarine-launched ballistic missile
(SLBM). Two months later Jupiter suffered what
many thought was a mortal blow when Secretary
of Defense Charles Wilson finally gave the Air
Force sole responsibility for building and operat-
ing all surface-launched missiles with a range in
A Jupiter IRBM undergoes preflight excess of 200 miles. In practical terms that
inspection at Cape Canaveral. meant the Army would never operate the missile
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it was building. With the Jupiter program
perilously close to being canceled, Medaris
took his case to Washington. In a meeting
with Secretary of the Army Brucker and
Deputy Secretary of Defense Reuben
Robertson, Medaris pointed out that in con-
trast to the Redstone and Jupiter's many suc-
cessful test flights, the Air Force had yet to fly
a single missile. Given the uncertain nature
of the Air Force’s relatively new ballistic mis-
sile program, Medaris told the group that if
the United States wanted to develop an IRBM
quickly, Jupiter was its only chance. The
Army general must have presented a convinc-
ing case, because Jupiter survived. M

Medaris and the ABMA greeted DoD’s deci-
sion with a huge sigh of relief. It was, however,
only a partial victory. Because Jupiter's range
exceeded 200 miles, the Army would not be
allowed to deploy the missile; that task still
would fall to the Air Force. Despite the
Secretary of Defense's ruling, Medaris and the
ABMA nurtured hopes that in a head-to-head
competition Jupiter would prove superior to
Thor, which would in turn prompt Secretary
Wilson to rescind the 200-mile restriction. To that end Medaris directed the ABMA to
exert every effort to get Jupiter flying as quickly as possible. He hoped that a string of
early successful test flights would sway DoD’s support over to the Jupiter program.

A Thor IRBM is readied for a test flight at
Vandenberg AFB.

In the race to develop an IRBM, the Army initially had a sizable advantage because
it was building on the Redstone program and was able to use 28 of those missiles as
Jupiter A and C test platforms. Jupiter A testing, which focused on general design crite-
ria, the guidance system, and propulsion thrust control, began in September 1955 and
continued through June 1958. The Jupiter C was an elongated Redstone with clusters of
scaled-down Sergeant rockets forming the second and third stages. This configuration
was designed to test reentry vehicles and procedures, and in September 1956 a Jupiter
C test vehicle fired from the Army Missile Range at Cape Canaveral, Florida, logged a
successful flight of 3,300 miles. The following May a prototype Jupiter soared 1,150
miles out over the Atlantic, an event the Army billed as the nation’s first successful
IRBM launch.!?

While the Army prepared press releases touting Jupiter's success, it also pointed out
that the Thor program had fallen several months behind schedule. Thor flight testing
began inauspiciously in January 1957 with four successive failures. The Army used each
miscue to argue that the Air Force was not qualified to be the sole custodian of the
nation’s ballistic missile program. The Air Force refuted the Army’s charges, noting that
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On April 19, 1958, the second test flight of aThor IRBM ended in a thunderous
explosion on the launch pad at Cape Canaveral.

unlike the Jupiter, which it dismissed as an upgraded Redstone, the Thor was a com-
pletely new missile and would take longer to develop. Finally, in October 1957, a Thor
IRBM staged a successful 1,100-mile test flight, an event the Thor program manager
said may have saved the Air Force missile program.'3

The competition between the Thor and Jupiter programs reached fever pitch in the
summer and fall of 1957 as Secretary of Defense Wilson prepared to select one missile to
put into full production. In an attempt to influence the outcome, each side sought to dis-
credit the other, and charges and counter-charges flew about in congressional debates
and in the press. General Medaris led an intense public relations campaign against the
Air Force missile, and one of his officers, Col. John C. Nickerson Jr., was court-martialed
for leaking secret documents to investigative reporter Drew Pearson.'* The Air Force
responded in kind: it claimed the Army’s flight-test data amounted to a “mish-mash of
half-truths and outright fabrications,” and that Jupiter would not be operational until
several years after Thor.19

Effect of Sputnik

This interservice bickering was still raging when the Soviet Union launched
Sputnik, the world's first man-made satellite, on October 4, 1957. Suddenly the debate
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over which missile to deploy became irrelevant: on October 10, 1957, President
Eisenhower ordered DoD to build both Jupiter and Thor. The move was intended not
only to boost production, but also to provide for a generous degree of redundancy
between the missile systems. Should either the Thor or Jupiter unexpectedly fail, the
United States could still deploy the other.

On the surface Eisenhower’s decision appeared to be a victory for the Army. But that
did not prove to be the case. The Army was unable to demonstrate that Jupiter was
superior to the Air Force IRBM, and also was unable to convince DoD to allow it to oper-
ate missiles with ranges in excess of 200 miles. As a result, although ABMA was allowed
to build the Jupiter, it did so as a subcontractor to the Air Force.

In retrospect, it is difficult to understand what the Army hoped to gain from its long
and acrimonious defense of the Jupiter program. It appears that Medaris and the ABMA
were gambling that Jupiter would win the TRBM competition, thus enabling the Army to
mount a new challenge to the Air Force missile program, or perhaps, make a bid to run
the entire military space program. When the Army failed to secure a clear victory in the
IRBM competition, however, its fortunes in long-range missile development began to
wane. Although the Army missile program did score several later successes, notably the
launching of the nation’s first satellite on January 3, 1958, its days of developing long-
range missiles were rapidly drawing to a close. In December 1959 the Army agreed to
transfer Wernher von Braun and the Development Operations Division, along with
many of its test and development facilities, to the newly created National Aeronautics
and Space Administration (NASA).18

Four Thor squadrons, each comprising 15 missiles, were deployed in England.
Britain’s decision to accept the missiles was the subject of fierce political debate in that
country, and critics charged that their island nation was being turned into an American
missile base. To assuage British fears, the missiles were manned by Royal Air Force
(RAF) crews, but the warheads remained under American control. The first RAF Thor
squadron went on operational alert in June 1959, and by April 1960 the remaining three
had been activated.! Three Jupiter squadrons were deployed abroad: two in Italy and
one in Turkey. The squadrons in Italy went on operational alert in July and August
1960, and the squadron in Turkey became operational in November 1961. The overseas
deployment, however, was short-lived. Once the Atlas and Titan ICBMs went on opera-
tional alert in 1960, the IRBMs were quickly withdrawn from service. All of the missiles
in England were taken off operational alert in August 1963, and Jupiter squadrons in
Italy and Turkey were deactivated at the same time.

b Placing the missiles on operational alert was the culmination of the deployment process. It indicated
that the missiles were in place and ready to fire.

52




The Debate Over Intermediate-Range Ballistic Missiles, 1955-1958

Y

“There is a demand by the natives that missile bases should be manned by R.A.F. personnel. Very  welt. .’

Although the RAF manned the Thor IRBMs deployed in Great Britain, the British press
guestioned who really controlled the missiles.
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CHAPTER ©

THE AIR DEFENSE DEBATE

Of all of the interservice battles over missions and roles in the post-war period, few
were so intensive as the feud between the Army and Air Force over control of ground-
based antiaircraft batteries.

At the end of World War Il the Army insisted on maintaining a “point defense” anti-
aircraft capability to protect troop concentrations and vital installations on or near the
battlefield. Because the Army dedicated its antiaircraft batteries to supporting combat
troops, when the Army demobilized after the war, it placed the vast majority of antiair-
craft artillery (AAA) units in reserve status under the control of the six continental
armies. In the immediate post-war period the Army saw defending the continental
United States from enemy air attack as a secondary mission.!

At the March 1948 interservice Key West Conference, the Joint Chiefs of Staff
agreed that the Air Force would have primary responsibility for protecting the nation
against air attack. At that time the Air Force was funding the Ground-to-Air Pilotless
Aircraft (GAPA) surface-to-air missile system with the intent of fielding it around
America’s key military, industrial, and urban centers by the mid-1950s. However, there
was no sense of urgency because the Soviets did not pose an immediate threat.
Intelligence revealed that the Soviets did not have the planes or the bases from which to
attack the United States. Furthermore, analysts believed that the Soviets were still
years away from developing the atomic bomb. With defense dollars tight, the Air Force
invested its money in developing strategic bombers and long-range air-breathing mis-
siles. Thus, GAPA missile funding was cut and a radar net to detect an air attack
remained only in the planning stages. Further cuts were made to fighter forces. Almost
by default the Army was being given the role of providing point air defenses for
America’s strategic targets during a time of elevated tensions.2

This time of increased tension occurred during 1948-1950, and included events
ranging from the Communist takeover of China and the Berlin crisis to the Soviet deto-
nation of an atomic bomb. These tensions prompted a reevaluation of U.S. objectives and
strategic plans. This reevaluation, documented in NSC 68, recommended boosting mili-
tary expenditures. This policy paper, dated April 7, 1950, warned that the Soviets would
have a fission bomb stockpile of 200 by 1954. Based on this critical fact, NSC 68 “esti-
mated that the Russians could deliver between 75 and 125 atomic bombs on targets in
the United States, unless defenses are greatly increased.”

As NSC 68 was being prepared, the Air Force exerted pressure on the Army to
deploy antiaircraft artillery units around America’s strategic sites. The first AAA battery
arrived at Hanford, Washington, in March 1950. Soon the Army activated and deployed
additional 90mm and 120mm guns (and their associated troops) around the outskirts of
areas identified as having strategic value.*
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The outbreak of the Korean War validated NSC 68 recommendations for increased
spending to include improved air defenses, and the Department of Defense (DoD) conse-
guently initiated steps for better coordinated air defenses to include antiaircraft mis-
siles.5 In July 1950, the Army Anti-Aircraft Artillery Command (ARAACOM) was
established to assume command of all of the gun batteries being activated and to coordi-
nate directly with the Air Force’s Continental Air Command (CONAC).2

Meanwhile Western Electric, Bell Telephone Laboratories, Douglas Aircraft
Company, and other subcontractors continued work on developing a missile capable of
knocking down high-altitude bombers. Throughout the late 1940s, dozens of Nike mis-
sile prototypes soared into the heavens over White Sands.

Accelerating the Nike Ajax Program

In October 1950, Secretary of Defense Charles E. Wilson named K.T. Keller of
Chrysler Corporation to the newly established position as the DoD’s Director of Guided
Missiles. Keller reviewed the progress of all antiaircraft missile programs in develop-
ment and quickly concluded that the Army’s Nike program was furthest along. In view
of the ‘ongoing Korean War, Keller recommended accelerating the program to build 1,000
production models by December 31, 1952, with a production capacity of 1,000 missiles
per month thereafter.

In January 1951, Secretary Wilson approved Keller's recommendations despite the
need for additional testing of the system, Testing continued, and on November 27,

1951, a Nike missile succeeded in destroying a drone QB-17 bomber flying over White
Sands.®

In April 1952, the Army impressed visiting VIPs in a demonstration of the system’s
viability Yet, the Army Ordnance Department already understood that “Nike I” had lim-
itations in discerning targets within closely packed aircraft formations. However, if the
warhead could be made more lethal, the problem would not matter. During the following

a CONAC was created in December 1948 as an efficiency measure to incorporate fighters of the Tactical
Air Command (TAG) with those of the Air Defense Command (ADC), Both TAC and ADC would continue to
exist as subordinate commands of CONAC. This structure lasted 2 years. During the Korean War, TAC and
ADC were re-elevated to major command status. From December 1950 until September 1954, the Air Force's
Air Defense Command held responsibility for the nation’s air defense.

ARAACOM, formed in July 1950, was redesignated as U.S. Army Air Defense Command in 1957 and
Army Air Defense Command (ARADCOM) in 1961. ARADCOM lasted until 1975. Through a 1950 agreement
between the Army and Air Force Chiefs of Staff, ARAACOM came under operational control of the Air Force.
This arrangement changed on September 1, 1954 with the formation of the Continental Air Defense Command
(CONAD) under direct control of the Joint Chiefs of Staff. With the activation of CONAD, the Joint Chiefs
usurped responsibility from the Air Force for the nation’s air defense. ARAACOM, along with the Air Force’s
Air Defense Command (later Aerospace Defense Command) and a U.S. Navy component, became subordinate
commands of CONAD.

The inclusion of the Canadian Air Defense Command within the air defense structure in 1957 forced a
reorganization and the formation of a combined command that became known as the North American Air
Defense Command (NORAD).
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month, the Chief of Ordnance asked Bell Telephone Laboratories to investigate the feasi-
bility of placing a nuclear warhead on the missile.

After consulting with Sandia Laboratories and Picatinny Arsenal, New Jersey, Bell
returned with two options: (1) place an XW-9 “gun-type” warhead on the current missile,
dubbed “Nike Ajax,” or (2) design a wider missile with a greater range to carry the XW-7
warhead. The Army selected the second option with the condition that the follow-on mis-
sile could be deployed using the same ground infrastructure being designed for the Nike
Ajax missile. In December 1952, the Army approved a development plan for the follow-
on missile that would eventually be known as “Nike Hercules.” Consequently, develop-
ment of the warhead for Nike Hercules commenced at Sandia Laboratories in
Albuguerque and at Los Alamos. Eventually they produced the W-31, a warhead with
variable nuclear yields. The low-yield setting produced the explosive equivalent of 2 kilo-
tons of TNT; the higher yield produced an explosion 20 times more powerful. In March
1953, this program received a 1A priority designation from the Joint Chiefs of Staff.”

While the Army received the go-ahead to develop a follow-on missile, Nike Ajax pro-
duction models were undergoing evaluation at White Sands. With consistent testing suc-
cesses, the Army began training its troops to deploy with the new weapon. Training was
conducted at Fort Bliss, Texas, and at
the newly established Red Canyon
range in New Mexico. The first battal-
ion began arriving at Fort Meade,
Maryland, late in 1953, and the first
Nike Ajax battery was put into opera-
tion in April 1954. The 34-foot long
missile had a range of 25 to 30 miles,
carried a conventional warhead, and
could engage targets at altitudes of up
to 70,000 feet. Soon after, Nike Ajax
batteries began replacing gun units
that had been stationed in and around
cities such as Boston, Los Angeles,
Chicago, Detroit, New York, and San
Francisco.®

The Air Force welcomed Nike Ajax
deployment as an enhancement of the
point-defense mission that the Army
provided for the nation’s strategic tar-
gets. Although the Air Force had
always expressed concern that a lack of
coordination between the services could
: = place Air Force aircraft within range of
Nike Ajax surface-to-air missiles on their the Army’s antiaircraft forces, interser-
launchers. The launchers were hinged at the vice cooperation between ARAACOM
base; here they are shown at maximum elevation.  and the Air Defense Command (ADC)
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A battery of Nike Ajax missiles in 1959. Note the heavy earthen berm that surrounds the
refueling area at the extreme right of the picture.

had resolved many of the coordination problems.? Besides, the Air Force believed that
two strategic concepts, deterrence and defense, if fully supported, would prevent Soviet
bombers from getting close to American cities.

Air Force Air Defense

The first concept, which took precedence in Air Force as well as national strategic
doctrine, was deterrence through possession of overwhelming offensive capability. For
example, in the event of a Soviet invasion of Western Europe, SAC bombers would
destroy the bases from which Soviet bombers could lift off. In the Eisenhower adminis-
tration this strategy served as a key component of a national strategic doctrine titled
“the New Look.”10

The second strategic concept was based on the engagement of incoming enemy
bombers before they reached American territory. The best way to do that, the Air Force
thought, was through the area defense concept, which engaged attacking enemy
bombers far from their targets. Ironically, Air Force proponents of defense had to com-
pete for limited defense dollars with proponents of deterrence within their own service.
With SAC receiving a greater share of the available resources, the Air Defense
Command struggled to build up a radar network supported by a command and control
organization. To compensate for early radar limitations, ADC recruited a volunteer
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civilian Ground Observer Corps to look out for radar-evading low-flying planes swooping
down from the Arctic.® ADC planners also understood that advance warning had little
value unless the defending commander could quickly distribute orders to interceptor
squadrons and missile batteries to destroy the intruding force.!!

In December 1951, the Air Force awarded the Massachusetts Institute of Technology
(MIT) a contract to conduct a study on air defense that eventually became known as the
“Lincoln Project.” By mid-1952, MIT Lincoln Laboratory scientists proposed that a com-
puter-driven air defense network was feasible, effectively cutting down evaluation and
decision-making times. In April 1953, after considering an alternative computer-driven
air defense scheme proposed by the Willow Run Research Center of the University of
Michigan, ARDC selected MIT’s Lincoln Laboratory to proceed on the “Lincoln
Transition System,” which eventually became known as the Semi-Automatic Ground
Environment (SAGE) system.

Under SAGE, targets being tracked by remote radars would be displayed instanta-
neously at central SAGE command centers, along with the targets’ speed, direction, and
altitude. Using that information, air defense commanders could efficiently allocate their
fighters to engage the enemy aircraft. Another defensive asset the Air Force intended to
incorporate into the SAGE system was a long-range surface-to-air missile.l?

As noted previously, in the immediate post-war years the Boeing Aircraft Company
developed and launched GAPA missiles from sites in Utah and New Mexico. Then in
1949, Boeing received a contract and subsequently teamed up with the University of
Michigan Aeronautical Research Center to design a defensive missile dubbed BOMARC
for the Boeing and Michigan Aeronautical Research Center. When guided missile direc-
tor K.T. Keller directed the Army to accelerate Nike production, he also raised the prior-
ity for development of this new Air Force surface-to-air missile.

BOMARC looked very much like a manned fighter aircraft. The missile was 45 feet
long, had sharply swept wings, and was powered by two ramjet engines that gave it a
top speed of Mach 4 and a range of 440 miles. Beginning in September 1952, prototype
BOMARG s lifted off from Patrick Air Force Base into the skies over the Atlantic Ocean.
However, not until February 1955 did the BOMARC perform in a manner that could be
considered successful. Testing continued. On August 15, 1958, BOMARC engineers
reached another milestone when a SAGE computer in New York directed a BOMARC A
missile from Cape Canaveral, Florida to intercept a drone flying over the Atlantic. By
this time the Air Force’s BOMARC program was seen as a direct competitor to the Nike
Hercules program.!?

While testing continued on the BOMARC, development and production of the Army’s

Nike Hercules missile had proceeded rapidly. On September 10, 1956, the first Nike
Hercules launch against a drone occurred over White Sands. Nike Hercules backers

b As the Air Force’s radar net grew in size and sophistication in the mid-1950s, the Ground Observer
Corps was disbanded.
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An Air Force BOMARC surface-to-air missile being removed from test equipment prior to launch
at Patrick AFB, Florida, in August 1958.

claimed that the missile provided not only point defense but also area defense because it
had a range of 75 miles. Furthermore, the Army also realized that its command and con-
trol system needed to be automated, and contracted with The Martin Company (for-
merly the Martin Aircraft Company) to build a system to coordinate Nike engagements
so that two batteries would not end up shooting at the same aircraft. The product of
Martin's work, the “Missile Master” system, was considered by the Air Force to be
duplicative and a challenge to SAGE. Secretary of Defense Charles E. Wilson’s June
1956 directive placing SAGE in control of all air defense weapons, and directing SAGE
to pass information on to Missile Master, only served to keep the feud going,!4

Competition Between BOMARC and Nike Hercules

As BOMARC development showed promise, Air Force officials began to openly criti-
cize the Army’s system. The New York Times featured a representative salvo in an article
headlined “Air Force Calls Army Nike Unfit To Guard Nation.” This piece, dated May
21, 1956, cited an Air Staff analysis that challenged the Nike testing program and ques-
tioned the missile’s ability to intercept high-speed bombers. Responding to the Air Force
criticism, Defense Secretary Wilson reminded Americans in a Newsweek article that “one
hard solid fact emerges above them all: no matter what the Nike is or isn't, it's the only
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land-based operational anti-aircraft missile that the U.S. has.”® From the Air Force per-
spective, this situation had to change.

In 1958 the Army began replacing some of its Nike Ajax batteries with the improved
Nike Hercules system. The solid-fuel Hercules was a significant improvement over the
Ajax. The new missile was 41 feet long, had a range of over 75 miles, could carry either
a conventional or a nuclear warhead, and could engage enemy aircraft at altitudes up to
150,000 feet. By late 1958, with the Hercules being deployed around America’s major
cities, the debate between the Army and the Air Force over air defense intensified. In a
television interview in late August, Senator Stuart Symington (D-Missouri) bemoaned
the fact that the government had invested upwards of $7.5 billion in the Nike system.®
Shortly thereafter, an article titled “Air Force Seeks to Abolish Chicago Nike
Installations” appeared in the Chicago Sun-Times. In the article, Air Force officials
declared the new Nike missile inadequate. Similar articles comparing the merits of Nike
Hercules unfavorably with BOMARC appeared throughout the country. Noting that
these articles always seemed to appear in cities slated to receive Nike Hercules batter-
ies, Army Air Defense Commander Lt. Gen. Charles E. Hart asked the Secretary of
Defense to order the Air Force to stop what appeared to be a well organized campaign to

Ceremony marking the conversion from Nike Ajax to Nike Hercules at Fort Barry in Sausalito,
California. This site has been restored and is how maintained by the National Park Service.

¢ Syrﬁington had served as Secretary of the Air Force during the Truman administration.
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discredit the Nike Hercules system. In
addition, the Army began its own public

relations campaign dubbed “Project
Truth.”16

In November 1958, Secretary of
Defense Neil H. McElroy seemingly
resolved the feud by announcing the
procurement and deployment of both
the Nike and BOMARC systems, which
he saw as complementary. However,
both programs and their congressional
allies realized that under such an
arrangement neither side would receive
the funding necessary to meet the
Soviet threat. The Air Defense
Command lowered its deployment goal
from 40 to 31 BOMARC squadrons, but
most senior Air Force officials realized
this new goal was unrealistic because of
rapidly unfolding events.

With the Soviet launch of Sputnik in
October 1957, many in Congress ques-
tioned funding defenses against “obso-
lete” bombers. Military officials
contributed to the congressional
dilemma by successfully arguing for increased appropriations to fund U.S. ballistic mis-
sile systems as the best hedge against Soviet attack. Also, unexpectedly high defensive
system operating expenses, such as the cost of AT&T (American Telephone and
Telegraph) land line hookups between radars and SAGE centers, stunned many in
Congress.

The solid-fuel Nike Hercules, the second
generation of the Nike series.

Consequently, in 1959 House and Senate committees began scrutinizing two missile
systems that many saw as duplicative. After their respective hearings, the Senate and
House Armed Services Committees came to opposite conclusions. The Senate Committee
recommended cutting funds for Nike Hercules and the House Committee recommended
cutting off BOMARC. Ultimately, Congress supported the Master Air Defense (MAD) Plan
developed by the Office of the Secretary of Defense. MAD retained both missile programs,
but reduced SAGE construction and cut the number of BOMARC squadrons to 18.17

Although it may have been premature to do so, in an effort to obtain favorable pub-
licity, on September 1, 1959, the Air Defense Command declared the BOMARC squadron
at McGuire Air Force base operationally ready. According to Air Defense Command his-
torian Richard McMullen, the announcement strained the concept of operational readi-
ness. As of that date, of the 46th Air Defense Squadron’s 60 missiles, only 1 was
operational. While the Air Force and Boeing engineers struggled through the fall to get a
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second missile operational at McGuire, efforts continued to have a second BOMARC
squadron declared operational at Suffolk County, New York, by year's end.!®

The publicity effort failed to impress Congress. During House appropriation hear-
ings for fiscal year (FY) 1961 held in January 1960, congressmen again bitterly attacked
the Air Force program. Dol officials who spoke on behalf of the missile seemingly lacked
conviction as they offered their testimony in the wake of a series of failed BOMARC B
tests. Still, Air Force leadership remained committed to deploying all 18 BOMARC
squadrons.

Nevertheless, this commitment was not yet firm. In an unusual move, the Air Force
requested that the House hold hearings to consider revisions to the FY 61 budget. On
March 24, 1960, Air Force Chief of Staff General Thomas D. White surprised many of
his officers by recommending that BOMARC be deployed only to eight U.S. sites and two
Canadian locations, and that SAGE improvements be canceled. White urged that the
money would be better spent for ICBMs. White's recommendation stunned the Air
Defense Command and prompted several congressmen to question the need for continu-
ing any further funding for BOMARC. ¥ In the wake of the House hearings, retired
Army Brig. Gen. Thomas R. Phillips wrote an article for the St. Louis Post-Dispatch,
published on April 10, which concluded that the BOMARC program and companion
SAGE had been the “most costly waste of funds in the history of the Defense
Department.”@

However, an obituary for BOMARC would have been premature. The missile still
had friends in the Senate, including Senator Henry Jackson (D-Washington). Three days
after the Phillips article was published, the Air Force finally staged its first successful
BOMARC B launch. Another successful test on May 17 allowed General White to
approach the Senate Appropriations subcommittee with a willingness to support a lim-
ited BOMARC deployment. The Senate restored the funding to build and equip 10 sites
(including 2 in Canada), and even added $75 million for 2 additional sites in the north-
west. The additional sites were deleted when the conference committee met in July, but
work would continue to deploy BOMARCs at the 8 U.S. sites. Some of these sites
remained operational until 1972.20

The apparent victor in this interservice missile program showdown was the Army’s
Nike Hercules. Because the Army deployed Nike Hercules ahead of BOMARC, the idea
of scrapping a deployed system in favor of an untested system of questioned reliability
was unacceptable to many in Congress. In addition, there is little doubt that the Army
decision at this time to incorporate National Guard units into the ARADCOM infrastruc-
ture also pleased many members of Congress. By 1963, phaseout of Nike Ajax had been
nearly completed and ARADCOM boasted of some 134 Nike Hercules batteries in ser-
vice. However, like BOMARC, most of these batteries would be deactivated by the early
1970s.

d Estimated final costs were given for BOMARC and SAGE at about $2.2 billion and $1.6 billion, respec-
tively.
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CHAPTER 7

BUILDING MissIiLES, 1954— 1966

The ICBM program that Trevor Gardner and Bernard Schriever set in motion in
1954 grew at an astounding rate over the next 12 years. After accelerating the Atlas pro-
gram in May 1954, the Air Force launched two other ICBM programs before the end of
the decade. In April 1955 the Western Development Division (WDD) began work on the
Titan, a large two-stage liquid-fuel ICBM, and in February 1958 it began developing the
revolutionary Minuteman-the nation’s first solid-fuel ICBM. These new weapons sys-
tems not only demonstrated the growing sophistication of American missile technology,
they also reflected the deadly seriousness of the arms race between the United States
and Soviet Union.

As the United States’ ICBM program grew, the military kept a wary eye on events in
the Soviet Union. Throughout the 1950s American intelligence had little success collect-
ing reliable information on the Soviet missile program, and its capabilities remained a
troubling mystery.! In 1952, German scientists repatriated from the Soviet Union told
American intelligence personnel that the Soviets were working hard to develop a long-
range ballistic missile. Soon after that the
Central Intelligence Agency (CIA) began moni-
toring Soviet ballistic missile tests from a
radar station in Turkey. Using the information
provided by the Germans, coupled with the
ClA’s observation of Soviet missile tests, the
United States estimated that the Soviets
would be able to field a ballistic missile with a
range of 2,300 miles between 1955 and 1957.2

wws]
Sputnik and the Missile Gap

The Air Force and CIA were well aware that
the Soviets were rushing to develop a long-
range ballistic missile. However, Congress and
the American public, secure in their perception
of American technological supremacy, were
shocked when the Soviet Union placed the
worlds first artificial satellite, Sputnik I, into
orbit in October 1957. As Sputnik whirled
overhead, Congress demanded to know why
the Soviet Union, a nation widely regarded as
technologically backward, could have surged
From left to right, scale drawings of the ahead of the United States in missile develop-
Atlas,Titan |, and Minuteman | ICBMs. ment. Suddenly the ICBM program was thrust
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into the national spotlight and became the focus of a furious political debate over the
effectiveness of the Eisenhower administration’s defense policy. The administration’s
critics charged that the President's efforts to trim defense spending and balance the bud-
get had compromised national security and created the so-called “missile gap.”®

Those claiming that a missile gap existed argued that Sputnik, coupled with the
Soviet Union's August 1957 pronouncement that it had successfully tested an ICBM,
convincingly demonstrated that the Soviet missile program was years ahead of the US.
program. These critics speculated that the Soviets would have operational IRBMs and
ICBMs years before the United States, thus creating a missile gap that would tilt the
strategic balance of power heavily in the Soviets' favor. That situation, the critics
charged, would be catastrophic. In one missile gap scenario, appropriately called
“nuclear blackmail,” analysts speculated that a surprise attack by Soviet ICBMs could
destroy all of SAC’'s bombers on the ground. Shorn of its nuclear retaliatory capability,
the United States would be vulnerable to Soviet extortion.

The missile gap was front-page news across the country. The Air Force, the aircraft
industry, and Congress all attempted to exploit it toward their own ends. The Air Force
used the missile gap as justification for expanding its strategic arsenal; the missile
manufacturers used it to bolster sales; and the Democrats seized upon it as a powerful
issue for the upcoming 1960 presidential elections. In November 1958 Senator John F.
Kennedy (D-Massachusetts) charged that the missile gap was caused by the
Eisenhower administration placing fiscal policy ahead of national security. As a result,
he said, the nation faced “a peril more deadly than any wartime danger we have ever
known."*

President Eisenhower refused to succumb to the clamor for a radical overhaul of the
ICBM program. Based on photographs taken during U-2 reconnaissance flights over the
Soviet Union, which began in June 1956, the President was certain that there was no
missile gap. Because the U-2 photographs were top secret, however, Eisenhower could
not use them to justify his seemingly conservative missile development policy. Rather
than restructure the missile-development program that had made such great strides
over the preceding 3 years, the administration made several prudent mid-course correc-
tions. In addition to his previously mentioned decision to build both the Thor and
Jupiter IRBMs, the President also increased the number of Atlas squadrons from four to
nine, blocked the cancellation of the forthcoming Titan 11 ICBM program, accelerated
the Navy's Polaris submarine-launched ballistic missile (SLBM) program, and autho-
rized the Air Force to develop the solid-fuel Minuteman.

The severity of the missile gap remained a subject of widespread rumor and specu-
lation until the 1960 presidential election, and it was no coincidence that the issue dis-
appeared soon after the Democrats took control of the White House. In reality the
missile gap never existed: in August 1960 the first U.S. reconnaissance satellite
revealed that the vaunted Soviet ICBM program consisted of four missiles then under-
going testing. In February 1961 Secretary of Defense McNamara created a political
firestorm when, at a press briefing, he admitted that there was no missile gap.
Although the administration vainly tried to put a positive slant on McNamara’s
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remarks, the New York Times observed that “the missile gap’ like the ‘bomber gap’
before it is now being consigned to the limbo of synthetic issues, where it always
belonged.”

It is important to note, however, that long before Sputnik and the missile gap
became a national obsession, the Air Force had been pushing its ICBM program for-
ward at a breakneck pace. Based on the recommendations of the Teapot Committee, in
May 1954 the Air Force accelerated the Atlas program and modified the design to
incorporate the latest technology. The Air Force, Convair, and Ramo-Wooldridge over-
hauled the system specifications and in January 1955 formulated a new design and
modified development schedule. From there, both figuratively and literally, the pro-
gram took off.

Atlas ICBM

Nowhere was the explosive growth of the ICBM program more evident than at
Convair. In March 1953 Convair had 10 people assigned to the missile program, but just
7 years later Convair Astronautics (the company had been acquired and made a division
of General Dynamics) had 12,000 workers building Atlas missiles at its new 2 million
square foot facility at Kearney Mesa outside San Diego.’ Reflecting the truly national
scope of the Atlas program, Convair employed 30 major subcontractors, 500 lesser con-
tractors, and 5,000 suppliers scattered across 32 states.”

Standing on the launch pad the Atlas was 82 feet tall and weighed 267,000 pounds
when fueled. Depending on the model and payload, the missile had a range of 6,400 to
9,400 miles. It was armed with a I-megaton thermonuclear warhead and was guided to
its target by either a radio-inertial or all-inertial guidance system accurate to within 1.5
miles. Atlas was powered by two large booster engines and a smaller sustainer engine
that worked together to form what Convair called a “stage-and-a-half” propulsion sys-
tem. It was an innovative compromise to a difficult problem. Optimally, the Convair
engineers would have equipped Atlas with a two- or three-stage propulsion system. The
benefit of that arrangement would have been that as each stage burned out and the
engine and fuel tanks dropped away, the missile would have become progressively
smaller and lighter. The problem was that when WDD and its contractors reconfigured
Atlas in 1954, they did not know if it would be possible to start a rocket engine in the
vacuum of space.

Unwilling to take the risk of building a multistage missile that might later prove
unworkable, Convair built the Atlas around its unique stage-and-a-half propulsion sys-
tem. In this configuration, the three largest engines, the two boosters and the smaller
sustainer engine, were ignited at liftoff. At the end of the first stage the two boosters fell
away, but the huge first-stage fuel tanks that constituted 80 percent of the missile’s
mass, and any unspent fuel they contained, remained attached to the missile. To com-
pensate for the additional weight, Convair reduced the weight of the fuselage by discard-
ing the rigid internal framework traditionally used in missiles and aircraft. Instead, the
missile derived its structural rigidity from its pressurized, integral fuel tanks.
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Atlas ICBMSs taking shape at the Convair plant outside of San Diego in 1960. Stainless steel tank
sections are welded together to form the fuselage. A completed fuselage, minus the  15-foot
booster section that housed the engines, hangs from the ceiling crane.

Atlas flight testing began at Cape Canaveral in June 1957. After several spectacular
failures, in November 1958, an Atlas logged a successful test flight of 6,350 miles. To
provide the United States with an interim or emergency ICBM capability, in August
1959 the Air Force rushed three missiles, operated largely by contractor personnel and
mounted on unprotected launch pads, into service at Vandenberg Air Force Base (AFB),
California.

The following September, the first operational Atlas squadron equipped with six Atlas
D missiles based in above-ground launchers, went on operational alert at F.E. Warren
AFB, Wyoming. By the end of 1962, SAC had deployed 11 more squadrons. Each of the
three missile variants, the Atlas D, E, and F series, were based in progressively more
secure launchers. For example, the three Atlas D squadrons, two near F.E. Warren AFB,
Wyoming and one at Offutt AFB, Nebraska, were based in above-ground launchers that
provided blast protection against overpressures of only 5 pounds-per-square-inch (psi).”

8 The normal atmospheric pressure at sea level is 15 psi. Overpressure is an additional, transient pres-
sure created by the shock or blast wave following a powerful explosion. Buildings collapse at 6 psi overpres-

sure. Humans can withstand up to 30 psi overpressure, but a level over 5 psi can rupture eardrums and cause
internal  hemorrhaging.
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Clockwise from lower left, three different Atlas launch configurations: Atlas D, Atlas E, and
Atlas F.

In comparison the Atlas E squadrons at Fairchild AFB, Washington; Forbes AFB, Kansas;
and F.E. Warren were also deployed horizontally, but the majority of the launcher was
buried underground. These launchers were designed to withstand overpressures of 25 psi.
The six Atlas F squadrons based near Shilling AFB, Kansas; Lincoln AFB, Nebraska;
Altus AFB, Oklahoma; Dyess AFB, Texas; Walker AFB, New Mexico; and Plattsburgh
AFB, New York were the first ICBMs to be stored vertically in underground silos. Built of
heavily-reinforced concrete, the huge silos were designed to protect the missiles from
overpressures of up to 100 psi.

Titan ICBM

The Air Force’s next ICBM, the liquid-fuel Titan | (SM-68) was an outgrowth of stud-
ies commissioned in the summer of 1954 to accelerate and reorient the Atlas program.
From the outset the Air Force acknowledged that Atlas had obvious limitations, notably
its untested airframe and stage-and-a-half propulsion system, but decided to ignore
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these shortcomings because it thought Atlas
could be deployed before any other compara-
ble system. To avoid becoming overly reliant
on the untried Atlas, however, in January
1955 WDD requested permission to develop
a new two-stage ICBM it called Titan. The
Air Force approved the project in April 1955,
and the following October WDD awarded the
Titan | contract to the Glenn L. Martin
Aircraft Company of Baltimore, Maryland.

An important consideration in the Air
Force’s decision to build a second ICBM was
its desire to disperse the nation’s ICBM pro-
duction capability away from the East and
West Coasts. The Air Force worried that
Convair’'s facilities in Southern California
were within range of Soviet bombers and
Soviet submarine-launched IRBMs, and
Secretary of the Air Force Harold Talbott
insisted that the Titan facilities be built in
the central United States.® Martin decided to
build its plant outside Denver, Colorado, on
a sprawling 4,500-acre tract that would
house production and test facilities.®

Raised from its underground silo, a Titan |
ICBM stands ready for inspection at the
Operational System Test Facility at
Vandenberg AFB.

Titan | was a larger, more powerful mis-
sile than the Atlas. The Titan | was 98 feet
tall and its rigid, self-supporting airframe
housed a powerful two-stage propulsion system. Unlike Atlas’ stage-and-a-half propulsion
system, when Titan’s first and second stages were exhausted the engines and fuel tanks
for those sections dropped off, thereby decreasing the weight and mass of the vehicle. This
made the missile more efficient, which translated into a longer range and heavier payload
capacity.1® Powered by two large liquid-fuel Aerojet engines, Titan | had a range of 6,350
miles and could carry a payload of 3,825 pounds, more than twice the capacity of Atlas.
Titan | also incorporated other desirable features. From the outset the Air Force decided
to base the missiles in hardened underground silos that would protect them against over-
pressures of up to 100 psi. The Titan's larger airframe and two-stage propulsion system
also made the missile more adaptable than Atlas, in terms of both range and payload.l!

Work on the Titan program began at the end of 1955 and construction of the Martin
plant began soon thereafter. By September 1958 the Martin Company and its associate
contractors had 16,000 people at work on the program. Flight tests began in early 1959,
and a year later a Titan | fired from the Air Force Missile Test Center (AFMTC) at Cape
Canaveral staged a successful 5,000-mile flight. While the missiles were being built, the
Army Corps of Engineers was overseeing the construction of the huge Titan | launch
facilities, the largest and most expensive underground launch complexes ever built.
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A cutaway of aTitan | launch complex.

These three-missile launch complexes resembled futuristic underground cities. Heavily
hardened to survive a nuclear attack, the missile silos, control center, powerhouse, and
various other support facilities were connected by almost half a mile of steel tunnel, all
buried more than 40 feet underground.

The missiles could not be launched from within their silos. After a missile was
fueled, an elevator carried it to the mouth of the silo, and then it was fired.

The Air Force activated its first Titan | squadron at Lowry AFB, Colorado, in April
1960. By 1962, the service deployed five more Titan | squadrons: another at Lowry AFB,
Colorado; and one each at Mountain Home AFB, ldaho; Beale AFB, California; Larson
AFB, Washington; and Ellsworth AFB, South Dakota.

Minuteman ICBM

As the Atlas and Titan missile programs took shape during the late 1950s, the Air
Force began to realize that its first generation of liquid-fuel ICBMs was of limited use.
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i

In this 1960 photograph, work on the main tunnel of the Titan |
launch complex at Vandenberg AFB nears completion. Forty
feet beneath the surface, the tunnel connected the control
center to the missile silos.

Owing to the hazards inherent in their caustic, volatile liquid-fuel systems and vulnera-

bility of their radio-inertial guidance systems, the early ICBMs were dangerous to oper-

ate, expensive to maintain, and difficult to deploy. The Atlas and Titan silos, for

example, had to be oversized to accommodate the complicated propellant-loading system,
which included storage tanks, piping, and pumps to handle the hundreds of thousands of
pounds of gaseous helium, liquid oxygen, and RP-1, a highly refined form of kerosene.l2

It took 15 minutes to pump 249,000 pounds of propellant aboard the “quick firing” Atlas

F. It was dangerous work. Four Atlas silos were destroyed when propellant-loading exer-
cises went awry. Two Titan | silos also met a similar fate.

The problems inherent in liquid-fuel missiles came as no surprise to the Air Force.
The WDD and Ramo-Wooldridge had considered using solid-fuel engines for Atlas in

b Fortunately, the accidents did not result in any fatalities because the missile crews, stationed in their
underground launch control centers, were protected from the explosions by specially reinforced accessways and
huge steel blast doors designed to contain the explosions.
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1954, but believed that the large solid-fuel motors would be difficult to cast, would not
produce sufficient thrust, and would be difficult to control.}® The Air Force, however,
remained interested in solid-fuel engines. Under the direction of Col. Edward Hall, the
WDD’s chief of propulsion and later Thor program manager, the Air Force funded
research in solid fuels throughout the mid-1950s. By March 1957, Hall and his
researchers were convinced that solid fuels could power a new generation of ICBMs.

In the summer of 1957 Hall had a major falling out with the WDD’s commanding
officer, General Schriever. Temporarily without a job, Hall was given a desk in an
unused office and told to study solid-fuel missiles. Hall did much more than study the
problem. Working alone, over the course of several months, he designed a family of solid-
fuel missiles of tactical, intermediate, and intercontinental range. Hall called his ICBM
the Minuteman, and proposed that thousands of the relatively small, low-maintenance
missiles could be based in unmanned underground silos and fired at a moment’s
notice.14

Initially WDD, which became the Air Force Ballistic Missile Division (AFBMD) on
June 1, 1957, had little interest in Minuteman; it was preoccupied with other projects.
The Navy, however, had been keeping close tabs on Hall's work, and it incorporated the
Air Force’s research into its Polaris program. Based in part on Hall's research, the Navy
program improved to such an extent that in the fall of 1957 the Navy proposed develop-
ing a ground-based version of Polaris for use by the Air Force. Alarmed by the possibility
of the Navy’s encroachment, the AFBMD promptly began to reconsider the merits of a
solid-fuel ICBM.15

In February 1958 Schriever flew Hall to Washington to brief the Secretary of
Defense, the Secretary of the Air Force, and SAC commander General Curtis LeMay on
the Minuteman concept. In comparison to the Atlas and Titan, Minuteman was a
diminutive missile, 53 feet tall and weighing only 65,000 pounds. Hall's plan called for a
three-stage missile capable of delivering a 1- to 5-megaton warhead at ranges between
1,500 and 6,500 miles. The missiles would be based in widely dispersed unmanned silos,
hardened to withstand 200 psi overpressure. The low-maintenance missiles would need
minimal ground support equipment, limited field maintenance, and a single two-person
launch control facility for every 10 missiles. The solid-fuel engines would give
Minuteman a virtually instantaneous launch capability, and because the missiles were
to be launched from inside their silos, they would be protected until the moment they
took flight. Hall emphatically told his audience that solid-fuel technology was ready now,
and he estimated that a force of 1,600 Minuteman missiles could be in place by 1965.16

Both the Air Force and DoD leadership were captivated by Hall's presentation. They
agreed that the present ICBM program was “less than that achievable and desirable,”
and within 24 hours of Hall's briefing the Air Force authorized the AFBMD to begin lim-
ited R&D on the Minuteman.1” In July 1958 the AFBMD began component development
and selecting contractors. In September 1959 the AFBMD selected Boeing Airplane
Company of Seattle, Washington, as the Minuteman assembly and test contractor.
Boeing later built the missiles at a huge new plant constructed by the Army Corps of
Engineers at Hill AFB, Utah.
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From the underground launch control center in the right of the picture, a two-person Minuteman
crew controls a flight of ten missiles, each based at a remote launch facility. The launch
facilities were spaced at least 3 miles apart.

Once the Air Force selected its contractors, the Minuteman program took shape
rapidly. In February 1961 the first Minuteman test flight, an “all up” test that included
all three stages and the guidance system, was a complete success. The Air Force placed
the first flight of 10 Minuteman missiles on operational alert in October 1962, just in
time for the Cuban Missile Crisis. In the years that followed, hundreds more
Minuteman missles were deployed, and by November 1966 SAC's Minuteman | force
stood at 800 missiles.
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This series of photographs, taken at Cape Canaveral in 1961, follows the flight of a Minuteman |
ICBM from ignition in the silo through liftoff.
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CHAPTER 8

|ICBM DePLOYMENT

After developing the Atlas, Titan, and Minuteman ICBMs, the Air Force's next task
was determining how many to buy, where to deploy them, and what type of launch facili-
ties to build. These decisions had to be made quickly, because building the missiles and
their launch and support facilities would take several years. However, these decisions
also had to be made judiciously because the Air Force realized that the decisions it made
in the late 1950s and early 1960s would determine the size and shape of the nation’s
ICBM force for decades to come.

The size of the nation’s ICBM force expanded considerably during the late 1950s and
early 1960s. In late 1955 the Air Force hoped to have a force of 120 Atlas missiles in
place by 1960, and in late 1956 President Eisenhower thought “that 150 well-targeted
missiles might be enough” to deter a Soviet first strike.!

By early 1958, however, the threat of the Soviet missile program, crystallized in the
furor over Sputnik and the debate over the missile gap, prompted the United States to
deploy more ICBMs. In 1957 the influential Gaither Report recommended a force of 600
ICBMS, and by 1958 the Air Force proposed deploying 1,600 Minuteman missiles.2 The
commander of SAC, General Curtis LeMay, wanted even more; at one point he proposed
that his command deploy 10,000 of the solid-fuel missiles. As it turned out the
Minuteman proved to be so effective that a force of that size was unnecessary. In the
early 1960s Secretary of Defense Robert McNamara fixed the nation’s land-based ICBM
force at 1,000 Minuteman missiles plus the 54 Titan 11s then under construction. The
force remained that size for the next 25 years.

Site Selection

The Air Force determined where to locate the missile launch facilities based on mis-
sile range and the distance to the target.® For example, the Air Force originally decided
to deploy the first operational Minuteman squadron at Vandenberg AFB, on the
California coast northwest of Los Angeles. Shortly thereafter the Air Force discovered a
flaw in the first stage of the Minuteman IA, the first production model, that reduced its
range from 6,300 to 4,300 miles. The defective nozzles promised to be a major setback
because, for the missiles based at Vandenberg, a range of 4,300 miles was insufficient to
carry them over the North Pole and strike targets in the central Soviet Union. However,
rather than delay deployment by the 6 months to a year needed to redesign the first
stage, the Air Force neatly resolved the problem by moving the first Minuteman wing
from Vandenberg to Malmstrom AFB, Montana. The move had two advantages. First,
since Malmstrom was 600 miles farther north, the move put the missiles that much
closer to their targets in the Soviet Union. Malmstrom’s 3,500-foot elevation was also a
plus because it made boosting the missiles into space easier.4
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Other factors also affected ICBM site selection. Not only were the sites to be within
the continental United States, at locations that would “provide the most effective cover-
age of enemy targets,” they were also to be located far enough inland to be out of range
of Soviet submarine-launched missiles. To save money, the Secretary of the Air Force
ordered that wherever possible the launch facilities and support installations were to be
placed on government installations, preferably positioned so they could derive support
from a community of 50,000 or more people.

The launch sites themselves were to be spaced far enough apart to ensure that
each constituted a separate target. At a minimum the sites were to be separated such
that a lo-megaton burst would not destroy the neighboring facilities. The Air Force
summarized its deployment strategy as fourfold: maximizing operational capability;
minimizing the sites’ vulnerability; minimizing the danger to the people of the United
States and Canada; and making wise use of the taxpayers’ money throughout the
process.’
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A map showing the location of ICBM launch facilities across the United States.
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U.S. Army Corps of Engineers

To build the launch sites and support facilities, the Air Force turned to the Army
Corps of Engineers. Initially, when the Air Force planned to build several hundred
launch sites, the Corps anticipated that the project would be relatively straightforward,
and assigned the construction of the sites to its various Engineer Districts. Construction
of the ICBM Operational Systems Test Facility {OSTF) at Vandenberg AFB began in
June 1957, and work on the first operational Atlas site at F.E. Warren AFB, Wyoming,
began in July 1958.

The exigencies of the Cold War, however, spurred rapid growth of the ICBM pro-
gram, and the scope of the Corps of Engineers’ construction effort expanded with it. The
Air Force increased the number of Atlas squadrons from 4 to 12; built 6 squadrons each
of the Titan Is and Titan 11s; and began planning to deploy 1,000 Minuteman missiles.
To further complicate matters, whereas all of the early Atlas launchers were built at or
near ground level, all subsequent launch facilities were hidden deep beneath the ground
and hardened to withstand a nuclear attack. Also, President Eisenhower ordered that
the entire ICBM program be accelerated. The net effect of the changes was that Army
engineers had to build more launch facilities, of a progressively more difficult design, in
less time.

To further complicate matters, the Air Force was developing the ICBMs using the
“concept of concurrency,” meaning that it was designing and testing the missiles at the
same time the Army was building the launch facilities. Frequently, when the Air Force
made a design change in the missile, the change forced the Corps of Engineers to alter
the launch facilities. All too often that meant ripping out work and starting over. For the
Army, keeping up with the frequent change orders was an expensive and nerve-wracking
process. For example, as of April 1962 the Corps of Engineers had issued 2,676 contract
modifications and change orders for the construction of the Atlas D, E, and F launch
facilities. The cost of those changes was $96 million, a 40 percent increase over the base
contract price.8

The expanded scope, complexity, and tighter schedule of the facility construction pro-
gram soon began to tax the resources of the Corps districts, and it became apparent that
a central coordinating body was necessary to oversee the entire project. In July 1959 the
Chief of Engineers established a special branch, the Los Angeles Field Office (LAFQ), to
coordinate the nationwide effort. LAFO reported directly to the Chief of Engineers. To
improve the Army’s often-troubled relations with the Air Force, LAFO’s offices were
located within the Air Force Ballistic Missile Division’s office complex near the Los
Angeles airport.’

Although the creation of LAFO provided a greater degree of centralized coordination
and control to the mammoth project, the changes were not enough. In 1960 construction
was still badly snarled and Congress held hearings to investigate what the press had
dubbed “the missile mess.”

79



To Defend gnd Deter: The Legacy of the United States Cold War Missile Program
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The evolution of ICBM launch facilities. The Air Force based the missiles in progressively more
secure facilities, and beginning with the Titan Il, the ICBMs could be launched from within their
silos. Also, beginning with the Minuteman series, the missiles were based in remote, unmanned,
and widely dispersed launch facilities.

Corps of Engineers Missile Construction Office

Confronted with a sea of unfavorable publicity, the Corps of Engineers moved
quickly to create a new organization that would both defuse the criticism and manage
the construction effort more efficiently. In August 1960 the Army established the Corps
of Engineers Ballistic Missile Construction Office (CEBMCO), an independent organiza-
tion under the Chief of Engineers, to supervise site construction. To further improve
coordination between the Corps and the Air Force, an April 1961 agreement between the
two services placed CEBMCO under the operational control of the Air Force Systems
Command Ballistic Systems Division (BSD), the successor organization to the AFBMD.8
CEBMCO remained under Air Force control until the Army disbanded the construction
organization in 1967.
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The goal in creating CEBMCO was to lend the construction program the uniformity
of centralized control without constraining the engineers at the sites. To do that
CEBMCO'’s commanding officer appointed weapon system directors for the Atlas F, Titan
I, Titan Il, and Minuteman facility construction programs. The weapon system man-
agers monitored their programs through a network of CEBMCO area offices, one of
which was located at each major site. ® The area offices directly supervised construction.
Although the Engineer Districts no longer built the launch facilities, under CEBMCO
supervision they built missile test and training facilities, and also provided CEBMCO
with help in real estate acquisition and administrative support.!?

The growth of CEBMCO mirrored its expanded responsibilities. When established in
August 1960 it had a staff of 27, but within 6 years grew to 3,000 people managing 22
projects spread over 17 states.!! CEBMCO’s responsibilities encompassed the entire con-
struction effort. Although CEBMCO did not design the launch facilities (which usually
was the responsibility of the structures and assembly contractor), it reviewed the plans,
solicited bids, evaluated the proposals, and awarded the contracts. CEBMCO then
supervised construction, and after the launch facilities were completed, it stayed on the
job as a member of the Air Force site activation task force, which turned the empty silos
into operational missile bases.

Building the launch sites and support facilities was one of the largest military con-
struction programs ever undertaken by the Corps. Over the course of approximately 10
years, CEBMCO and its predecessor organizations built approximately 1,200 launch facil-
ities, each consisting of multiple structures. The actual construction was performed by
many of the nation’s largest construction firms, including companies like Peter Kiewit
and Sons, and Morrison-Knudsen. In some cases, strong local or regional firms formed
partnerships to win the lucrative contracts. By 1962 construction costs totaled
$2 billion, and in the years that followed CEBMCO spent several billion dollars more
completing the Minuteman program.'? By 1961 contractors had already moved 26 million
cubic yards of earth and stone, poured more than 3 million cubic yards of concrete, and
used 764,000 tons of steel. Another indication of the size of the program was the labor
devoted to it: in early 1961, 21,300 people were laboring to build the missile facilities.

Building Launch Facilities

The construction work was exacting, frequently dangerous, and often performed
under adverse conditions. In many cases, transporting construction materials to the
remote building sites was difficult. Construction material for the Titan | sites at
Mountain Home AFB, lIdaho, for example, had to be brought in from either Seattle or
Salt Lake City. Other problems arose when the building supplies reached the work site.
To find adequate quantities of water, for example, CEBMCO had to drill deep wells.
Harsh weather conditions were also a problem. During the summer the temperature in
Idaho soared to 109 °F, and in the winter it plunged to -22 °F. One of the most serious
problems caused by the subzero temperatures was getting concrete to cure properly; to
keep const1r3uction moving, the contractors resorted to building heated enclosures around
the forms.
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Conditions were little better building the Minuteman sites at Minot AFB, North
Dakota. One hundred launch sites were spread over a sparsely populated area of 12,000
square miles. To reach the sites CEBMCO often had to build new roads or upgrade exist-
ing ones. Transporting the 6,000 workers and construction materials to the sites
required a fleet of 1,100 vehicles. At times during the spring thaw the roads became
impassable, and the only means of transportation was by helicopter.}

Construction within the silos was hazardous and demanding work. More than 50
men died in construction accidents, and many more were Killed in traffic accidents
around the work sites.1®> Despite generous pay in some of the more remote locations,
such as Mountain Home, the contractors had difficulty finding skilled laborers. Keeping
them working often was difficult too. Virtually all of the construction sites were struck
with some type of labor unrest. In late 1960 a dispute over work assignments at the
Atlas E sites at Forbes AFB, Kansas, between the hoisting engineers and electrical
workers resulted in a Z-month work stoppage. To get things moving again, the Air Force
asked the President of the AFL-CIO, George Meany, to intervene.!6 At other times con-
struction was delayed by shortages of key materials, in part attributable to the 1959
nationwide steelworkers’ strike.

Anti-nuclear activists occasionally disrupted construction too. At Davis Monthan
AFB, Arizona, the Committee Against Ringing Tucson with Titans and the Committee
for Non-Violent Action demonstrated against the construction of the Titan Il sites. Most
of the protests were peaceful, but on occasion CEBMCO turned trespassers over to
Federal marshals for prosecution. A few protests resulted in injuries. In August 1959 a

Work stoppages frequently delayed construction. These workers, members of the Cement and
Masons Union, walked off the job because their employer would not pay travel time to the
distant work sites.
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young Phi Beta Kappa from the University of Chicago was badly injured when he was
run over by a truck while attempting to block access to an Atlas construction site at F.E.
Warren AFB, Wyoming.

Despite the bad weather, shortages, labor problems, and protests, the missile site
construction program raced forward. The launch facilities for the liquid-fuel Atlas and
Titan | were the most difficult to build. The Atlas F silos, for example, were 174 feet
deep and 55 feet in diameter. Construction began with an open cut excavation down to a
depth of 60 feet, the level of the launch control center floor; from there the silo was
mined to its final depth. During the mining operation the contractors supported the silo
walls with steel beams, wire mesh lagging, and sprayed-on concrete. Within the silo
workers then built a huge steel framework, equivalent in size to a X-story building, to
support the missile and all of its ancillary equipment. Building six Atlas F squadrons
required moving 2,700,000 cubic yards of earth, pouring 565,000 cubic yards of concrete,
and erecting 100,000 tons of steel.}?

Compared to building the complex Atlas F launch facilities, construction of the
Minuteman silos was much less challenging. The silos were smaller, only 80 feet high

5

An Atlas F launch facility under construction at Walker AFB, New Mexico. In the foreground
workers are installing concrete reinforcing bar in the launch control center (LCC).The silo is to
the left of the LCC.
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; ke T e
An overhead view of an Atlas F silo under construction near Plattsburgh, New York. The launch
control center is on the left.The steel crib that supported the missile and its ancillary
equipment is nearing completion.

and 12 feet in diameter, and contained neither the complicated propellant loading sys-
tem nor the elevator that lifted the missile into firing position.

Most Minuteman silos were built using the same procedures. Construction crews
excavated a circular cut down to a depth of 34 feet. From there, using either a clamshell
bucket or a huge auger, the builders excavated a 15-foot diameter shaft down to 94 feet.
After the shaft was dug, a 62-foot prefabricated steel silo liner, built of quarter-inch steel
plate and ringed with concentric rings of reinforcing bar, was lowered into place. After
the liner was aligned, concrete was pumped around it to form the external silo wall.
When the silo was complete the underground launch equipment and support buildings
were constructed, and the excavation was backfilled.

On average, a Minuteman silo, including an allowance for its associated launch con-
trol facility, required only 15 percent of the earth moving, 20 percent of the steel, and 15
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Workers from U. S, Steel’'s American Bridge Division put the finishing
touches on the last of more than 100 silo liners it installed in Minuteman
launch facilities around Malmstrom AFB, Montana.

percent of the concrete necessary to build an Atlas F silo. 18 Whereas the construction of
12 Atlas sites near Plattsburgh, New York, cost $44 million, building 150 Minuteman
silos at Ellsworth AFB, South Dakota cost $75 million. On a unit-cost basis, an Atlas silo
cost $3.6 million compared to $500,000 for a Minuteman launcher. Smaller and easier to
build than the Atlas and Titan silos, the Minuteman launch facilities were installed
using prefabricated components and standardized installation plans. Between 1961 and
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A Minuteman silo near Ellsworth AFB, South Dakota nears completion in June 1962. The
rectangular launch facility support building is to the left of the silo.

1966 CEBMCO built 1,000 Minuteman launch facilities at the incredible rate of one
every 1.8 days.!?

Despite considerable obstacles, between 1958 and 1966 CEBMCO and the Air Force
designed and built the missile launch facilities and support infrastructure that would
serve as the backbone of the nation’s ICBM force throughout the Cold War. These struc-
tures and facilities, which ranged from cavernous Atlas silos to huge missile assembly
and checkout buildings, were often built at remote locations and under extremely diffi-
cult conditions. Yet, in the short span of 8 years, ICBM launch sites spanned the
nation, stretching from the dusty brown hills at Vandenberg AFB on the California
coast to the cool pine forests around Plattsburgh AFB in upstate New York. In the
process, this construction program left an indelible imprint on the American landscape.
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CHAPTER 9

AMERICA’S MiIsSILE COMMUNITIES:

SociAL AND EcoNoMmiIC IMPACT

The American missile program reached its zenith in the early 1960s. The Air
Force briefly deployed the Snark in Maine, and operated Thor and Jupiter IRBM
bases overseas. At home, three versions of the Atlas ICBM were deployed in a variety
of launch configurations. The Titan | missiles were placed in the vicinity of five mili-
tary bases, and construction of Titan Il silos proceeded around three locations.
Minuteman | was on alert status during the Cuban missile crisis. The Navy deployed
Polaris.

To evaluate the improving large-rocket technology, launch activity increased at Cape
Canaveral, Florida, and Vandenberg AFB, California, while engine testing and addi-
tional research continued at installations such as Redstone Arsenal, Arnold Engineering
Development Center, White Sands Missile Range, and the Rocket Propulsion
Laboratory at Edwards AFB, California. Much of the knowledge gained from these
efforts would be incorporated into the nation’s manned space program, for which
President Kennedy had set the goal of placing an American on the moon by the end of
the decade.

The military deployed defensive as well as deterrent missile systems. At eight loca-
tions in the United States, the Air Force deployed versions of the BOMARC A and B
antiaircraft missiles while continuing tests at Eglin AFB, Florida. At the same time the
Army began phasing out its Nike Ajax batteries and replacing them with the longer-
range Nike Hercules positioned at almost 200 locations. New Nike Hercules batteries
protected key industrial cities and strategic air bases. During the Cuban Missile Crisis,
the Army also deployed Nike Hercules batteries in south Florida. At the same time the
Nike Hercules was becoming operational, Army scientists and engineers at Redstone
and White Sands were making enormous strides in developing a follow-on missile sys-
tem capable of intercepting an ICBM in flight. In 1962 a Nike Zeus missile demon-
strated that capability when it intercepted an Atlas ICBM high above the Pacific
Ocean.

Just as the development and deployment of new missile systems changed
America’s deterrent and defensive military capabilities, it also changed America. The
billions of dollars spent had an immense economic and social impact on many U.S.
communities. This chapter briefly profiles these impacts, on communities adjacent to
research, development, testing, and evaluation (RDT&E) facilities, and those near
deployment sites.
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RDT&E Sites

Developing ballistic missiles requires massive amounts of money, facilities, and
expertise. The rapid influx of industry, coupled with the setup of advanced research lab-
oratories and testing facilities, brought wholesale change to communities near these
sites. The story of White Sands, New Mexico, a small ranching community in the arid
southwest, is typical of the changes that took place in other parts of the country. At
White Sands, the government established whole new economic, social, educational, and
research infrastructures where few previously existed.

White Sands

Since the acquisition of this territory by the United States in the wake of the
Mexican-American War, there had always been a U.S. military presence in the region. To
the south, the Army established a post at El Paso, Texas, in the 1840s, which evolved
into the modern Fort Bliss that served as a major antiaircraft artillery training center
during World War Il. During that war the Army Air Forces constructed an airfield at
nearby Alamogordo, New Mexico.

Nevertheless, until the Federal government filed condemnation suits to acquire the
land in 1945, ranching remained the area’s dominant economic activity. For example,
the 105,000-acre San Augustin Ranch had been one of the dominant livestock-producing
holdings in the region. This property, comprising a large portion of the present-day mis-
sile range, dated back to the late 1840s. The arrival of the missile range forced a dra-
matic reduction in cattle ranching as a small city suddenly began growing on the
western side of the Tularosa Valley. Eventually, this city would serve as landlord to a
tract larger than the combined areas of Rhode Island, Delaware, and the District of
Columbia.

Over the years, the billions of dollars spent by the Army on construction, procure-
ment, and personnel have spurred enormous growth and transformed the region’s
socioeconomic infrastructure. For example, in 1989 the White Sands installation
employed more than 11,000 people with a combined income approaching $300 million. In
addition to these dollars pouring into the local economy, some 20,000 to 30,000 White
Sands retirees remain in the area, spending their pension checks at local businesses.
Also in 1989, the missile range spent nearly $380 million in the local economy to procure
the multitude of products and services necessary to support various range activities and
projects. During 1989, according to one estimate, the value of facility property, struc-
tures, and testing equipment topped $4 billion.

Besides displacing ranchers and pumping dollars to support new service industries,
the White Sands missile testing facility had other regional impacts. Las Cruces, New
Mexico, located 30 miles west of the installation, was described in 1945 as a “sleepy
desert hamlet.” The presence of White Sands spurred its growth into a bustling city of
more than 50,000. In 1989, half of the range’s employees and numerous retirees lived
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within Las Cruces city limits. These people have contributed to the community through
direct participation in organizations such as the volunteer fire department and the
chamber of commerce.

The presence of White Sands has also spurred the growth of higher education. In
1945, the Ballistic Research Laboratory (BRL) at Aberdeen Proving Grounds contracted
with the New Mexico College of Agriculture and Mechanical Arts (or New Mexico A&M)
in Las Cruces to support surveys of the new missile range. This relationship expanded
when BRL Chief Scientist Dr. Thomas Johnson wrote to his Yale classmate at New
Mexico A&M, Dr. George Gardiner, seeking student support to help interpret camera
data on missile flights. Willing to support BRL's request, New Mexico A&M'’s board of
regents established a research unit that would later be known as the Physical Sciences
Laboratory (PSL).

Throughout the Cold War PSL received contracts and subcontracts to support Army
and Navy programs, and to cooperate with the Applied Physics Laboratory at Johns
Hopkins University. As a result of this long-term relationship with Johns Hopkins, PSL
grew into one of the top academic research institutions in the country, and the College of
Agriculture and Mechanical Arts has grown and evolved into New Mexico State
University.

Changes in the region also attracted NASA to establish a test facility near White
Sands. By the mid-1960s, the White Sands Test Facility (WSTF) employed more
than 1,600 people. Its primary mission was to test rocket propulsion systems. By
1991 WSTF had tested more than 325 different rocket engines by conducting over
2.2 n11illion firings. Several private-sector high-tech firms also have located in the
area.

Missile Production and Testing

Complementing the RDT&E facilities was a vast array of factories that built the
missiles and their all-important support equipment. For example, Convair, maker
of the Atlas ICBM, built a huge new manufacturing complex on the outskirts of San
Diego. Located on a 252-acre tract of land, the 2%building complex had 1.5 million
square feet of floor space and housed 12,000 workers. The Martin Company built its
Titan ICBM plant near Denver, and by September 1958 Martin and its subcontrac-
tors had 16,000 people at work on the missile program. At a former aircraft plant in
Santa Monica, California, Douglas Aircraft employed several thousand skilled
workers, first building the Nike Ajax, and later the Nike Hercules antiaircraft mis-
sile. Simultaneously, on the other side of the country, workers at Western Electric’'s
facility in Burlington, North Carolina, assembled components for the Nike guidance
systems.

The engines for the Thor and Jupiter IRBMs were built and tested at the
Rocketdyne Division of North American Aviation in Neosho, Missouri, a small

93



To Defend and Deter: The Legacy of the United States Cold War Missile Program

Nike Ajax missiles move down the assembly line at the Douglas Aircraft plant in Santa Monica,
California. Douglas built the missiles under a subcontract with Western Electric.

community nestled in the foothills of the Ozark Mountains. The 228,000 square foot
manufacturing plant, and the adjacent 200-acre test facility, were built on the old Fort
Crowder military reservation. The sprawling test complex contained two high-thrust
engine test stands, a reinforced concrete control building equipped with banks of sensors
and remote cameras, and an extensive network of earthen revetments to isolate the test
stands from the propellant storage area. At the height of operations the Neosho facility
employed 1,500 people.?

The Martin Company tested its Titan engines using a huge new test stand near
Denver. Convair built its missile test stands at Sycamore Canyon, northeast of San
Diego. During spectacular captive-flight tests, Convair engineers fired the engines and
tried to replicate flight conditions.

Missile maintenance and testing continued long after the missiles left the fac-
tory. Within Vandenberg AFB’s large missile assembly building (MAB), technicians
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ik

Workers at Western Electric’s Burlington, North
Carolina factory assemble Nike guidance
systems.

Held securely in a massive test stand, a Titan |

first stage awaits the addition of the second stage,
the final step before the Missile Compatibility
Firing. The testing took place at the Martin facility
outside Denver.
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Convair engineers performed Atlas captive system and subsystem testing at the Sycamore
Canyon test facility. Authorized in 1954, the test stands took 2 years to build.

ran exhaustive diagnostic routines to test each of the Atlas ICBMs 300,000 parts.
Every strategic and defensive missile periodically had to be taken off operational
alert and returned to the MAB for scheduled maintenance. This process was repli-
cated throughout the Air Force; every base that supported a strategic missile
squadron operated a similar facility. Antiaircraft missiles required similar
facilities.

Deployment Sites

The construction of ICBM silos and Nike missile batteries was sometimes disrup-
tive as workers, earth movers, and concrete trucks suddenly appeared near a family
farm or within a suburban community. Often local roads, power grids, and sewage
systems were upgraded to support site construction and follow-on deployment.
Ultimately, local citizens had to adjust to the constant presence of their new military
neighbors.
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At Vandenberg’s missile assembly building, technicians conducted acceptance tests on new
missiles and performed scheduled maintenance on missiles withdrawn from the field.

ICBM Installations

In the case of ballistic missile silos and launch control centers located in rural parts
of the country, the Air Force desired to maintain a low profile for security reasons. The
Air Force did not want to draw attention to these sites because they were potential tar-
gets for terrorists.

Local people expressed mixed feelings about their new neighbors. Few regretted the
influx of dollars that missile deployment brought into the local community, For example,
at Plattsburgh AFB in upstate New York, the installation of 12 Atlas missile silos cost
the government some $37 million, with most of the money spent directly with area con-
tractors, support services, and workers. Also, at Plattsburgh and elsewhere, Air Force
public relations efforts and the public’'s deep sense of patriotism combined to promote a
positive atmosphere. For many, there was a pride in the feeling that they were con-
tributing to America’s stand against the Soviets. In Roswell, New Mexico, the townspeo-
ple threw a parade to escort the first Atlas missile through town.”
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In this August 1958 photo, a missile assembly building takes shape at the Army’s White Sands
Proving Ground, New Mexico.

While many citizens viewed the arrival of missiles with patriotic pride, others were
apprehensive. In Kansas, for example, a number of civic and religious groups opposed
the deployment of Atlas F ICBMs near Shilling AFB. In October 1961 alone, the city of
Roswell recorded 10 building permit requests for bomb shelters as some local residents
realized that the nearby Atlas silos had suddenly made their town a target for the Soviet
strategic rocket forces. Occasionally, citizen opposition coalesced into direct protest. For
example, at Forbes AFB, Kansas, students from nearby McPherson College picketed and
vandalized an Atlas E construction site. Although protesters made their voices heard,
they did not slow construction.*

Once its missile silos were in place, the Air Force worked to foster good community rela-
tions. Often, missile crews and their families contributed to this objective by becoming
active in the surrounding communities. Malmstrom AFB, Montana, surrounded by 200
Minuteman missile silos, is a typical example of how a SAC missile base affected the nearby
community. The Malmstrom Management Analysis Division's annual report for 1969 stated:

The millions of disposable dollars earned by the Malmstrom employ-
ees flow into the local community through expenditures for food, housing,
clothing, household appliances, transportation, and other needs which
were satisfied by merchants in this area. The Malmstrom family of 23,200
people represents approximately one-third of the people who shop in the
Great Falls Area.
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Many people in Kansas expressed serious
misgivings when the Air Force deployed Atlas
ICBMs in their state.

Malmstrom’s value cannot be assessed entirely in dollars and cents . . .
but, the Malmstrom family also contributes many services which add much
to the civic and cultural well-being of Central Montana. . . one of 18 teach-
ers in the city (Great Falls) schools belongs to a Malmstrom family. . . more
than 125 dependents of base personnel are employed by the city’s hospitals
. ..-Malmstrom personnel contributed about 61,000 dollars to welfare funds
through the Consolidated Federal Campaign . . . Malmstrom personnel
donated 504 pints of blood . . . Aircraft of all types flew many missions into
our wilderness areas searching for and rescuing lost and or injured persons
... in 1969 Malmstrom employed as many as 45 students . . . Malmstrom
personnel are doing their part whenever }gossible to serve the community
and to promote good community relations.

Nike Installations

In marked contrast to the remote ICBM launch facilities, many Army Nike sites
were located in America’s cities and suburbs. Moreover, some sites initially located in
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Surrounded by the apartment buildings of downtown Chicago, these Nike Hercules crewmen
race to their battle stations.

rural areas found themselves engulfed in suburban sprawl as Americans moved away
from the cities during the post-war building boom.

In selecting sites for its missile batteries the Army faced a problem: it seemed the
public was in favor of air defense as long as a missile battery was not deployed next
door. To accommodate local concerns and cut land acquisition costs, the Army Corps of
Engineers reduced the acreage needed by placing the missiles within underground mag-
azines, The Army located batteries on existing military lands wherever possible, but
often condemnation suits had to be filed against property owners to acquire needed
properties, One extreme property acquisition case involved the Army’s attempt to
acquire land at the end of a runway at Los Angeles International Airport. City officials
battled the acquisition, claiming that the proposed missile battery would be a potential
threat to flight operations. Calling the local Army representative “bull-headed” and
“short-sighted,” Los Angeles Mayor Norris Paulson flew to Washington, DC, to meet with
legislators and armed-services officials to press for a location change. Eventually the city
won and the Nike site was relocated.®
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Once the Army obtained the land and permission to build, aesthetics became a con-
sideration. In contrast to the temporary antiaircraft batteries the Army hastily erected
in the mid-1950s, which were built around tents, wooden walkways, and dirt roads, the
Nike facilities were designed with habitability and outward appearance in mind. The
one-story cinderblock sloped-roof structures looked much like many of the school build-
ings being erected elsewhere in the community to educate children of the baby boom.
Shrubbery enhanced facility appearance.’

As part of its public relations effort, the Army Air Defense Command sponsored
“fact-finding” trips for local VIPs to observe training at Fort Bliss, Texas, and to receive
air defense briefings at Ent AFB, Colorado. Under “Operation Understanding,” the Army
asked hundreds of community leaders for a public show of support. To alleviate the
neighbors’ concerns about potential danger, the Army assured the public that the missile
sites were as safe as local gas stations.®

Over the years, tens of thousands have visited Nike batteries during open houses.
Boy Scouts often stayed overnight at the on-site barracks. Missile site personnel also
became involved in community activities. A sense of community “ownership” of a local
battery especially prevailed when the National Guard assumed responsibility for many
of the sites. Starting with the realignment of a battery in the Los Angeles area on
September 14, 1958, to California’'s 720th Missile Battalion, Guard responsibility grew
to cover almost half of the missile sites. For Hawaii's defense, the National Guard was
responsible for all sites from activation to deactivation. The assumption of missile bat-
tery duty by the National Guard represented an unprecedented experiment; for the first
time a key component of the nation’s defense had been turned over to America’s citizen-
soldiers. They manned the batteries around the clock.?

In the wake of the May 1958 Nike Ajax explosion that killed 10 people at Middletown,
New Jersey, and the previously mentioned Air Force campaign waged to challenge the Nike's
capability, the Army sought to bolster the program’'s image. In 1958 the owner of San
Francisco's Fairmont Hotel, who was a graduate of “Operation Understanding,” proposed a
novel solution. On July 23, 1959, in “Operation Grassroots,” the Fairmont's ballroom was
converted into a mock Nike command center while outside a Nike missile stood posed on dis-
play The exhibit attracted thousands. Encouraged by the positive public response, the U.S.
Army Air Defense Command expanded “Operation Grassroots” into a national program
eventually dubbed “Nike in the Attack.” Soon Americans attending state fairs and other pub-
lic gatherings could watch demonstrations of the Nike antiaircraft missile system in action.!?

Life at the Missile Sites

Different missile missions affected the composition, size, and attitudes of the crews
manning the sites. Initially, SAC called on mature aviators to operate the first ICBM
silos. However, as more veteran airmen left for combat in Southeast Asia, SAC began
recruiting missile crews directly from commissioning sources. As a result, the typical age
of a combat crewman in the 1970s was between 22 and 30 years old, with only a minor-
ity having any flying experience. During this period SAC had to procure 900 new missile
combat crewmen per year to fill all shifts at the 1,054 silos then operational.
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To become a “missileer,” each candidate underwent extensive medical and psychologi-
cal evaluation by SAC’'s Human Reliability Program. After certification, training con-
sisted of a three-step process. First, the candidate attended an Air Training Command
school for familiarization with the weapon system. Potential Titan crewmen were sent to
train at Sheppard AFB in Texas while Minuteman candidates went to school at Chanute
AFB in Illinois. Next, the candidate was assigned to the 1st Strategic Aerospace Division
at Vandenberg AFB for operational training. Finally, the prospective crewman arrived at
his assigned wing for familiarization with conditions unique to that area.

Once placed on the duty rotation schedule for a Minuteman missile wing, a two-man
crew averaged five tours per month of 36 to 40 hours per tour. Travel time to and from
the silo could be considerable. For example, some silos at Minot AFB in North Dakota
required a trip of 150 miles. During the 36-hour shift, the two-man crew stood two 12-
hour shifts in the underground launch control center (LLCC), broken up by a 12-hour on-
site rest period while another crew stood watch.t

While on duty the crew commander and his deputy spent much of their time conduct-
ing frequent status checks of the missiles and their support systems. Duty in a missile silo
was demanding. The missile crews took pride in their work, and sometimes even expressed
a sense of humor about it. The crew of Delta Flight, 66th Missile Squadron, 44th Missile
Wing, Ellsworth AFB, South Dakota, painted the 8-ton blast door that guarded the
entrance to the LCC to resemble a Domino’s pizza box. The crew’'s hand-painted logo
promised ‘World Wide Delivery in 30 Minutes or Less, or Your Next One is Free.”

This El-ton blast door guarded the entrance to the Delta
One launch control center near Ellsworth AFB, South
Dakota. As one of the many safeguards against an
unauthorized launch, two people were required to be in the
launch control center at all times.
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From their underground launch control center, the two-man crew of Delta Flight kept watch over
the 10 Minuteman 1l ICBMs.

SAC encountered morale problems early in the program. Graduates of the Reserve
Officers’ Training Corps (ROTC) and the Air Force Academy initially assigned to missile
crew duty tended to leave after they fulfilled their service obligation. Although they
understood the responsibility and the importance of their duties, they often resented
what they perceived to be their lesser status compared to their pilot counterparts.12

To attract high-quality officers to missile crew duty, SAC offered the inducement of
an advanced-degree program. As early as December 1961, SAC had expressed the view
that a good educational program would permit missile crews to put the long hours of
alert duty to profitable use. However, the demanding maintenance requirements of the
first-generation missiles left little extra time for study. 13

With the introduction of the solid-propellant Minuteman missiles, less maintenance
was required so crew sizes could be dramatically reduced. In contrast to a 12-missile
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Atlas F Squadron, which kept 60 men underground at all times, a 150-missile
Minuteman wing could do the same job with 30, as each two-man crew had responsibil-
ity for 10 missiles. (In 1978, for the first time, women joined men on missile crew duty.)
Even though fewer crew members were responsible for more missiles, these crews still
had much more free time than their first-generation predecessors. Although much of the
time was spent reviewing procedures in preparation for random Operational Readiness
Inspections or running practice drills, the second-generation missileers had time to pur-
sue advanced degrees while on alert duty. Also, to enhance esprit de corps, an annual
missile crew competition was established in 1967 at Vandenberg AFB to measure crew
competency. This competition eventually became known as “Olympic Arena.”4

Nike sites were more labor-intensive than the ICBM sites because they operated both
radar tracking equipment and the missile launchers. Approximately 225 men worked at
the two 20-acre sites. Batteries became tight-knit communities as many missilemen lived
in on-site barracks or with their families in nearby military housing. For Nike sites not
located near existing military housing, the Army constructed housing for soldiers with

The first Strategic Air Command missile competition. Nine strategic missile wings participated.
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The participants in Olympic Arena were famous for their elaborate costumes. Here, members of
the 90th Strategic Missile Wing, based at F.E. Warren AFB, Wyoming, celebrate after being
named Best Minuteman Maintenance Team.

spouses and children. Later, transferring many of the sites to the National Guard
allowed the Army to reduce housing costs as guardsmen commuted to duty from home.

To keep the crews ready for the attack that never came, drills were frequently run to test
readiness. Like their SAC counterparts, the Nike missilemen could also expect an annual test.
In the 1950s, crews prepared for their Annual Service Practice at Fort Bliss, in which national
recognition was bestowed on the best battery crew. In the early 1960s, the annual practices
occurred on a short-notice basis. In both cases, crews vied for top missileer —recognition.s

However, once on duty Nike missilemen had to battle boredom, as did their ICBM
counterparts in America’s prairies. Recreational activities were vigorously pursued,
including team competition in many sports. One New York missile battery even built
itself a miniature golf course. For entertainment, Alaska’s missilemen looked forward to
bingo night. Many other batteries hosted beauty contests to select a local woman to com-
pete in the Miss Army Air Defense beauty pageant.
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Under the watchful gaze of the tracking radar, the
crew at the Nike site at Grand Island, New York,
play on the battery’s miniature golf course.
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CHAPTER 10

ANTI BALLISTIC MISSILE DEFENSE:
NIKE ZEUS THROUGH SAFEGUARD

As the Cold War missile race unfolded, American scientists and engineers began
searching for a way to protect the nation against long-range ballistic missiles.
Disagreement over whether such an antiballistic missile (ABM) defense system was
technologically feasible and strategically advisable spurred one of the longest and
fiercest debates of the Cold War. The controversy over the Reagan administration’s
Strategic Defense Initiative (SDI), often called “Star Wars” by the news media, was a
continuation of the political and technological debate that began with the first ABM sys-
tem, the Nike Zeus (1956- 1963), and continued through the development of the Nike X
(1963-1967), Sentinel (1967—- 1969), and Safeguard (1969 1976) systems. The
Safeguard system, built around the Sprint and Spartan missiles, was the only ABM sys-
tem to become operational.

In contrast to the thousands of ICBM silos and the hundreds of air defense missile
batteries that the United States built during the Cold War, there are few physical
reminders of the enormous sums of money the nation invested in developing an ABM
capability. The Army Corps of Engineers began construction of three Safeguard sites in
Massachusetts, Montana, and North Dakota, but only the North Dakota site became
operational. The legacy of the ABM program, however, extends far beyond those three
sites. The Department of Defense sponsored billions of dollars of research, development,
and testing at facilities such as Redstone Arsenal, White Sands, and Kwajalein Atoll in
the Marshall Islands. Moreover, ABM and SDI research also included other government
organizations, scores of research universities, and hundreds of civilian contractors.

Events Leading to Deployment

The U.S. ABM program actually had its genesis in the German V-2 missile attacks
on Great Britain during World War 11. Although schemes to intercept the V-2s in flight
never advanced beyond theory, American scientists recognized that long-range missiles
such as the V-2 would pose a potent threat in the future.? After inspecting captured
German missile plants and test facilities, in July 1945, the scientists recommended that
the United States initiate a research and development effort to defend against rockets
like the V-2. A May 1946 report issued by the War Department Equipment Board con-
cluded that to defend against such a threat would require “guided interceptor missiles,

_ * After evaluating the German missile program during the closing days of the war, a team of American
scientists concluded that if the war had continued into 1946, the Germans might have developed a modified
V-2 capable of reaching the United States.
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dispatched in accordance with electronically computed data obtained from radar detec-
tion stations.”

The Army Air Forces, having reached a similar conclusion, had already begun two
missile defense studies called Project Thumper and Project Wizard. Project Thumper was
canceled in 1948, but Project Wizard, initially awarded to the University of Michigan,
provided the theoretical foundation for development of an “anti-missile missile” capable
of destroying a target traveling at speeds upwards of 4,000 miles per hour in the upper
atmosphere. By the mid-1950s the Air Force had two consortia of defense contractors
working on anti-missile missile development. Project Wizard survived until 1958.

The Army took a different approach toward developing an ABM. Rather than build-
ing a completely new missile system, it proposed adapting much of the same missile and
guidance technology from its Nike Ajax and promising Nike Hercules antiaircraft missile
systems for use in the antiballistic missile program.” The new missile was the Nike Zeus,

With an eye toward the future, in March 1955, the Army hired Bell Laboratories to
undertake a study projecting the evolution of defensive missile technology through the
early 1960s. In late 1956, the Bell scientists reported that within the next several years
the development of high-capacity computers and long-range, high-rate acquisition radar
would enable a defensive missile to intercept an incoming ICBM.

At the same time the Army was exploring the feasibility of developing an ABM sys-
tem, it was also locked in a fierce interservice battle with the Air Force over the future
of air defense. Beginning in the spring of 1956, the Air Force launched an aggressive
public relations campaign charging that the Army’s Nike Ajax and soon-to-be-deployed
Nike Hercules were unfit to guard the nation.

In an attempt to quell the vitriolic debate, in November 1956, Secretary of Defense
Charles Wilson clarified the Army and Air Force roles in providing air defense. The sec-
retary made the Army responsible for the “point defense” of specific geographic areas,
cities, and vital military and industrial installations. Under the point defense concept,
the Army was authorized to develop and deploy surface-to-air missiles such as the Nike
Hercules with ranges up to 100 miles. To complement the Army’s capability, Wilson gave
the Air Force responsibility for the much broader area defense mission.2

While Wilson’s ruling resolved the air defense debate, it was silent on the question of
which service would develop the ABM system. Both the Army and the Air Force were
anxious to acquire the promising new mission. The Army initially had a head start

b The Nike Ajax program began in 1945 and the first missiles were deployed in early 1954. The liquid-fuel
missile had a range of 25 to 30 miles and carried a conventional warhead. The missile was guided by two dif-
ferent radars: The target-tracking radar that followed the incoming aircraft, and the missile-tracking radar
that guided the missile to the intercept. Concerned that the Nike Ajax’s limited range and conventional war-
head would be incapable of blunting a massed Soviet air attack, in early 1953 the Army began developing the
solid-fuel Nike Hercules. Substantially larger than its predecessor, the new missile had a range of over 75
miles. Although it used the same fire control radars and computer as the Nike Ajax, the electronics used in the
Nike Hercules system were all solid-state. Nike Hercules flight testing began in 1955.
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This photograph traces the evolution of the Nike missile. From left to right: Nike Ajax, Nike
Hercules, and Nike Zeus.

because it was using much of its existing Nike hardware for the ABM. Based on the
results of the Bell Laboratories study, in early 1957 the Army awarded Western Electric,
and its research and development arm, Bell Laboratories, a contract to develop the Nike
Zeus antiballistic missile system.

The Air Force was anxious to block the Army’'s ABM program, and it launched a pub-
lic relations campaign against the Army missile system. The campaign was unsuccess-
ful. In January 1958 Secretary of Defense Neil H. McElroy assigned the Army the lead
role in ABM development based on the progress it had already made in the Nike Zeus
program. At the same time McElroy ordered the Air Force to continue working on the
radars and command-and-control system under Project Wizard so that these technolo-
gies could be incorporated into the Army program.”

The Army designed the Nike Zeus system to defend population and industrial cen-

ters from a relatively light missile attack. The defensive missile system’s most expensive
component, and also its weakest link, were its four target-tracking and missile guidance
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radars.* Those four radars were: (1) the Zeus Acquisition Radar (ZAR)—a highly accurate,
three-dimensional long-range search radar that could detect small targets at extreme
range; (2) the Discrimination Radar (DR)—a high-resolution radar designed to detect
incoming warheads amidst the clouds of debris resulting from a missile attack, (3) a Target-
Tracking Radar (TTR)—a precise, long-range, narrow beam radar designed to follow small,
high-speed targets during the final phase of descent; and (4) the Missile-Tracking Radar
(MTR)—a radar designed to track and guide the outbound Zeus to its target.5

The Army was anxious to deploy the Nike Zeus system, but between 1959 and 1961
Congress and the White House refused to approve such a move. Instead, they authorized
only enough money to sustain the research and development effort. Opponents of the
Nike Zeus system, which included Hans Bethe of Cornell University and Jerome
Wiesner of the Massachusetts Institute of Technology, argued convincingly against
deploying the missile. They pointed out that the Nike's mechanical radars could track
only a limited number of targets at once, making it relatively easy for the Soviets to
“blind” the system by launching a barrage of missiles, some of which probably would
have been equipped with decoy reentry vehicles.t Another drawback was that the Nike
Zeus was not designed for low-altitude intercepts. That drawback negated an important
defensive advantage because target identification, the process of sorting out the real
warheads from the decoys and expended stages, is easier at low altitude due to the fact
that with the exception of the reentry vehicles, most of the other hardware burns up
when it enters the earth’s atmosphere.

The research and development effort yielded its first major success on July 19, 1962,
when a Nike Zeus missile fired from Kwajalein intercepted an Atlas ICBM launched
from Vandenberg AFB. The Army scored the test as successful because the Nike's
dummy nuclear warhead came within 2 kilometers of the incoming Atlas. In a subse-
guent test on December 22, 1962, the Nike Zeus passed within 22 meters of the targeted
reentry vehicle.®

Despite a string of successful tests, Secretary of Defense McNamara did not believe
the Nike Zeus system could defend against the large Soviet ICBMs that were expected
to be deployed by the late 1960s. McNamara was concerned that the ABM system lacked
the sophistication to discern between real and decoy warheads. Also, he believed the
ABM could be overwhelmed in a saturation attack because the radars and computers
could manage only one intercept at a time. Because of these flaws, in 1963 McNamara
decided against deploying the Nike Zeus. Rather than cancel the program, however, he
directed a program reorganization to field a more advanced ABM system. Accordingly,
DoD ordered the Army to begin developing a new missile defense system with higher-
speed, higher-capacity radars and computers, and a short-range interceptor missile fast
enough to intercept an enemy warhead after it entered the earth’'s atmosphere.

In April 1964, DoD ordered the Army to begin work on a new defensive missile sys-
tem called Nike X. The Nike X was to be a “layered” system. The first line of defense

¢ The Nike Zeus target- and missile-tracking radars worked in tandem, and each pair could only track a
single target at a time. Tracking each additional target required another TTR and MTR pair.
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would be a reconfigured Nike Zeus missile, renamed Spartan, that would intercept the
incoming warheads at an altitude of 70 to 100 miles. Next, the warheads that evaded
the Spartan intercepts would be engaged by the new short-range Sprint missile. The 27-
foot long Sprint would engage the targets at an altitude of 20 to 30 miles.

The key difference between the Nike Zeus and Nike X systems was Nike X's use of a
phased-array radar pioneered under the Defense Department's Advanced Research Projects
Agency (ARPA). The new radar was a technological breakthrough because, in contrast to
the acquisition and tracking radars used by the Nike Ajax and Nike Hercules systems,
phased-array radars could track several targets and direct multiple intercepts simultane-
ously, With advances in electronics and computer technology, integration of radar data on
multiple targets could be swiftly translated into instructions for the Spartan and Sprint
interceptors. Two types of phased-array radar would be used. The first, the perimeter acqui-
sition radar, would be used for long-range target acquisition. The second, the missile site
radar, would handle short-range target discrimination and interceptor guidance.

To test Nike X under combat conditions, however, would require resumption of
atmospheric nuclear detonations in violation of the recently signed Nuclear Test Ban
Treaty. In an October 1964 edition of Scientific American, Wiesner, along with former
ARPA chief scientist Herbert York, argued strongly against atmospheric testing.
Furthermore, they maintained that deployment of an ABM system actually increased
the possibility of nuclear war: ABM deployment by one side would, they argued, encour-
age the other side to launch a preemptive attack if it foresaw a potential loss of ability to
retaliate against a nuclear attack. This point would become a rallying cry for opponents
of the ABM, and that opposition grew in proportion to public disenchantment with the
United States’ expanding role in Vietnam.”

In 1963, McNamara formed a commission to look into how the ABM could affect
nuclear warfare and United States-Soviet relations. Although the commission’s report
shed a positive light on ABM deployment, the opposition within the scientific community
strongly influenced McNamara's views. He was committed to a deterrence-based strategy
that assured the destruction of the Soviet Union in response to any nuclear attack. The
ABM program distracted from that commitment; it also competed for funding needed to
support the U.S. effort in Vietnam. Again in 1965 and 1966, McNamara approved fund-
ing only for continuing research of the Nike X program, overriding the Joint Chiefs of
Staff recommendation for deployment. In 1966, however, Congress allocated partial fund-
ing for an ABM system. Although both houses approved the funding by wide margins, a
small but vocal group of opponents within each chamber argued against deployment.

ABM Deployment

Despite McNamara’'s sympathies with the ABM'’s opponents, events overseas pres-
sured the defense secretary to consider some sort of antimissile defensive scheme. The
detonation of an atomic bomb by China in 1964 meant that the United States faced a
second potential nuclear threat if and when the Chinese deployed their own ICBMs.
Furthermore, intelligence reports confirmed that the Soviets were building their
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defensive missile system. Realizing that President Lyndon Johnson was under growing
pressure to deploy an ABM system, McNamara recommended a compromise, offering to
field a defensive system should the Soviets not respond to proposed negotiations
intended to limit such systems. Unfortunately at the June 1967 Glassboro, New Jersey,
summit between President Johnson and Premier Aleksei N. Kosygin, the Soviet leader
refused to accept the American overture. Kosygin defended the Soviet ABM program on
the grounds that people-killing offensive missiles were morally wrong while missile-
killing defensive missiles were morally defensible.

In September 1967, McNamara announced that the United States would deploy
many elements of the Nike X program in the new Sentinel antiballistic missile defense
system. The key components of the Sentinel system were the huge perimeter acquisition
radar (PAR), the shorter-range missile site radar (MSR), and the Sprint and Spartan
missiles. The PAR was designed to acquire and track targets at ranges in excess of 1,000
miles. The MSR, which had a range of several hundred miles, provided precise, close-in
targeting information. The MSR also controlled launching the missiles and guiding them
to their targets.

The goal of the Sentinel system was three-fold: to protect the nation’s urban and
industrial areas against ICBM attack from the People’s Republic of China; to provide a
defensive missile shield against an accidental launch; and to allow the United States to
protect its Minuteman ICBM launch facilities.?

The initial Sentinel deployment plan envisioned installing the Sentinel at 13 sites in
the continental United States and at one site in both Alaska and Hawaii. Because
Sentinel would be deployed around major cities such as Boston, Seattle, Chicago,
Detroit, and San Francisco, opponents of the ABM system could unite with scientists
and peace activists from those communities to halt construction. In Seattle the ABM
Committee of the Seattle Association of Scientists attacked the deployment scheme. In
Chicago, five scientists formed the West Suburban Concerned Scientists Group and
argued that local ABM deployment would only subject the city to extra Soviet ICBMs in
the event of war.”

The scale of opposition became apparent when the Army began constructing the
Sentinel facility at Sharpner’'s Pond near Boston. In the wake of a January 29, 19609,
Army community relations meeting that gave opponents a forum to denounce Sentinel,
Senator Edward Kennedy (D-Massachusetts) wrote a letter to the new Nixon
Administration’s Secretary of Defense, Melvin Laird, challenging Sentinel. Kennedy's
letter touched off a heated debate within the Senate on the system’s viability. The con-
troversy in the Senate forced Laird to halt construction at the Sharpner's Pond site
pending completion of an already-scheduled program review.

President Nixon also adopted a cautious position on ABM system development. He
shared National Security Adviser Henry Kissinger's concern that construction of the
ABM system could lead the Soviets to believe that the United States was attempting to
achieve a first-strike capability that could survive a retaliatory counterstrike. Trying to
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avoid a move that could be construed as provocative, Nixon elected to modify the
Sentinel system. Instead of trying to erect a limited nationwide ballistic missile defense,
the President directed that the new ABM system be positioned to protect part of the
United States’ ICBM force. His goal was to ensure that a sizable portion of the nation’s
ICBMs survived a Soviet first strike, thus ensuring that the United States would always
possess an adequate retaliatory capability. By leaving the nation’s cities open to attack,
Nixon hoped to assure the Soviets that the United States would never conduct a first
strike. On March 14, 1969, Nixon announced the deployment of a “modified Sentinel sys-
tem,” which he called Safeguard.'

The Safeguard program initially called for 12 sites. With the exception of the site
intended to protect Washington, DC, all of the facilities were to be located well away
from densely populated urban areas. Despite moving the system away from urban areas
where it was vehemently opposed, Safeguard still faced rigorous Congressional scrutiny.
Numerous ad hoc groups sprang up either to support or to stop Safeguard deployment.
Again, scientists Jerome Wiesner of the Massachusetts Institute of Technology and Nobel
Laureate Hans Bethe played prominent roles in providing scientific arguments on behalf
of the opposition. Meanwhile, former Secretary of State Dean Acheson and Paul Nitze
formed the “Committee to Maintain a Prudent Defense Policy” to pressure Congress to
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deploy Safeguard. In the Senate, the debate over Safeguard continued through much of
July 1969, with anti-ABM forces making headway against the administration’s argu-
ments that the system would provide President Nixon an additional bargaining chip in
upcoming strategic negotiations with the Soviets. However, on August 6, 1969, by a scant
one-vote margin, the Senate voted to deploy Safeguard at 2 of the 12 gites.!!

When the Senate authorized construction of Safeguard sites in North Dakota and
Montana to protect the nearby Minuteman ICBMs, U.S. negotiators found their Soviet
counterparts more receptive at arms limitation talks that began in November 1969. As
the talks continued, the Nixon administration hoped to provide its negotiating team
additional leverage by having Congress appropriate funds for six additional sites, includ-
ing one near the nation's capital. However, in 1970, the Senate Armed Services
Committee extended appropriations to cover only the building of additional sites to
defend ICBMs stationed near Whiteman AFB, Missouri, and F.E. Warren AFB,

Wyoming. Again, when the bill went to the Senate on August 12, 1970, Safeguard propo-
nents narrowly defeated an amendment cutting appropriations.'?

Safeguard

After Congress appropriated the necessary funds, construction at the Safeguard site
near Grand Forks, North Dakota, proceeded rapidly. In contrast, at the Montana site,
located north of Malmstrom AFB, labor disputes caused serious construction delays.
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Construction at both Safeguard sites was well underway when President Richard Nixon
and General Secretary Leonid Brezhnev signed the Anti-Ballistic Missile Treaty at the
May 1972 Moscow Summit. In conjunction with the ABM treaty signing, the two
national leaders signed an interim agreement to place limitations on certain strategic
offensive arms.

The ABM Treaty and the interim agreement resulted from ongoing Strategic Arms
Limitation Talks (SALT) begun in November 1969. Interest in the United States for
arms control talks was rooted in the mid-1960s as the Soviets began to make inroads on
American strategic superiority through deployment of numerous land- and sea-based
offensive strategic nuclear-tipped missiles. Soviet deployment of a Galosh antiballistic
missile system around Moscow also concerned American strategic planners. Conversely,
the proposed American deployment of an ABM system far more capable than Galosh was
a factor that motivated the Soviets to come to the negotiation table.!®

The treaty permitted the United States to retain two ABM facilities: one protecting
the nation’s capital and the other guarding a single ICBM launcher area. When the
ABM Treaty was signed, the Safeguard facility near Grand Forks was 85 percent com-
plete, while the site near Malmstrom was only 10 percent done. Since the treaty allowed
only one ICBM field to be protected, work at the Malmstrom site ended.}4 The govern-
ment salvaged all of the usable material and then covered the foundations of the unfin-
ished structures with topsoil. Today only the first story of the huge unfinished perimeter
acquisition radar building is visible on the site.

Construction continued at Grand Forks, and the nation’s first, and ultimately only,
Safeguard site became operational in 1975. Realizing that this single site could do little
against the hundreds of Soviet warheads that could be launched against it, the Army
decided to operate the site for a single year to gain operational experience. When the
Army’s plan to cease operation reached Congress, appropriations for the site were cut,
forcing the deactivation to occur sooner. However, a portion of the ABM installation (the
perimeter acquisition radar) remained active as a tracking component for NORAD.5

In 1974, when Congress decided to terminate the Safeguard program, it also
directed the Army to refocus its ballistic missile defense program toward developing the
next generation of missile defense technology. Accordingly, in May 1974, the Army abol-
ished the Safeguard System Organization and in its place created the Ballistic Missile
Defense Organization (BMDO). Like its predecessor, BMDO was based at the Army’s
Redstone Arsenal, Huntsville, Alabama. Despite a reduction in funding, over the next 10
years the Army studied and experimented with a wide range of missile defense technolo-
gies. Many of the new technologies stemmed directly from the Safeguard program, while
others were completely new. On the whole, the Army’s research focused on three areas:
developing new sensors to locate and track targets, developing nonnuclear interceptors
to destroy incoming reentry vehicles, and developing new defensive strategies to opti-
mize the capabilities of the new technology.

Indicative of a decade of development, in June 1984 the BMDO’s Homing Overlay
Experiment demonstrated that it was possible to intercept and destroy a target outside
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of the earth’s atmosphere using a nonnuclear interceptor. In the words of one observer,
the Army tests proved it was possible to “hit a bullet with a bullet.”6

At the same time the BMDO was developing new missile defense technology, newly
elected President Ronald Reagan was searching for a way to circumvent the grim con-
straints of the theory of Mutual Assured Destruction (MAD).¢ Shortly after Reagan took
office, he began seeking advice on creating a workable ballistic missile defense. Acting
on the advice of, among others, Dr. Edward Teller, the father of the American H-bomb,
and the Joint Chiefs of Staff, in March 1983 the President told the nation of his intent to
“create a nationwide defense shield against ballistic missiles that would make nuclear
weapons impotent and obsolete.”?

Reagan called his new concept the Strategic Defense Initiative (SDI), which the
media promptly dubbed “Star Wars.” To direct the $17 billion program, Secretary of
Defense Caspar Weinberger created the Strategic Defense Initiative Organization
(SDI10), a joint service, independent development organization that reported directly to
him.

The Army’s missile defense expertise formed the backbone of the SDIO, and in July
1985 the new Army Strategic Defense Command replaced BMDO. Working together,
researchers from the SDIO, the Army, and the Air Force developed a new layered
defense strategy. The new plan was based on attacking enemy missiles soon after they
had been launched, in midcourse, and as they neared their targets.

Some of the exotic technologies the SDIO planned to use included space- and
ground-based lasers, space-based rocket interceptors, and a neutral particle beam
weapon. The untried technology was both controversial and expensive. The Soviet
Union, as well as some of the United States’ European allies were harshly critical of
SDI, claiming it would upset the balance of power. President Reagan, however, was
unmoved by controversy and remained an ardent proponent of ballistic missile defense.
With Reagan'’s support, SDI funding grew rapidly, increasing from $1.4 billion in fiscal
year 1985 to $4.5 billion in 1989.18

In 1989 the collapse of the Soviet Union led to significant cutbacks in the missile
defense program. With the threat of a Soviet missile attack diminishing, the United
States turned its attention from developing a nationwide missile defense to concentrat-
ing on localized theater missile defense.

dMAD was based on the premise that neither the United States nor the Soviet Union would unleash their
nuclear arsenals because of the swift and sure retaliation that would follow. Reagan thought that MAD was
inadequate because it left the United States with few options. If the Soviets ever launched a first strike, there
was nothing the United States could do to protect its citizens. Once informed of the Soviet missile launch, the
President’s only option would be to launch a counterstrike while there was still time.
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CHAPTER 11

MoDERNI ZzI NG THE ICBM FORCE

Deployment of Minuteman | in 1962 marked the beginning of the second genera-
tion of Air Force ICBMs. Following in its wake came the Titan Il (1963), Minuteman
Il (1966), and Minuteman Il (1971). Each missile was more capable than its prede-
cessor: the Titan Il carried a larger payload, Minuteman Il had more efficient
engines, and Minuteman 11l was the first ICBM to carry multiple warheads. For most
of the Cold War era these missile systems comprised the majority of the nation’s
ICBM force.

As the United States modernized its ICBM force, so did the Soviet Union. Until the
late 1960s, U.S. ICBMs were far superior to Soviet missiles, both in terms of quality and
quantity. The original Soviet ICBM, the Sapwood (85-6), achieved a limited operational
capability in 1961. It was inaccurate and unreliable, but for the Soviets it was a start.
They were committed to achieving nuclear parity with the United States, and during the
1960s deployed four new ICBMSs, each more sophisticated than the previous one. The
technological evolution of the Soviet Strategic Rocket Forces (SRF) followed a pattern
much like the U.S. missile program. By the mid-1960s the Soviet Union had equipped
its ICBMs with storable fuel and was basing them in secure, widely dispersed under-

ground silos. In 1965 the SRF unveiled a solid-fuel intermediate-range ballistic missile
(IRBM).

By the late 1960s the Soviet aerospace industry had resolved its early production
and quality-control problems, and Soviet ICBM production rose steadily. By 1970 the
Soviet ICBMs outnumbered American missiles 1,299 to 1,054.1 The United States
regained nuclear superiority in the early 1970s when it deployed Minuteman 111 ICBMs
equipped with multiple independently targetable reentry vehicles (MIRVSs). This new
technology enabled a single missile to carry multiple warheads, each programmed to
strike a different target. By the end of the decade, however, the Soviets also had MIRVs,
and by the early 1980s the U.S. lead had evaporated once again. The Air Force, however,
had anticipated the development of the new Soviet missiles, and beginning in the late
1970s argued that it urgently needed a new ICBM not to regain superiority, but to
assure parity. Finally, in 1986 the Air Force's Peacekeeper ICBM entered the
inventory-the first new U.S. ICBM in 15 years.

Over the course of the Cold War the evolution of missile technology, coupled with
the ever-increasing Soviet nuclear threat, led to widespread changes in the U.S. ICBM
force. A steady stream of innovations created missiles that could strike farther, with
more power, and with greater accuracy than the first-generation ICBMs. Equally impor-
tant, the later missiles (the Titan Il, Minuteman Il, and Minuteman Ill) were easier
and less expensive to maintain than their predecessors. Moreover, the new ICBMs were
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also more survivable. To enable its missiles to “ride out” a Soviet first strike, the Air
Force in the 1960s began “hardening” its missile launch and command and control facil-
ities. It buried the facilities deeper underground and wrapped them in additional layers
of reinforced concrete. These facilities were also shielded against the debilitating effects
of electromagnetic pulse-a burst of electromagnetic energy generated in a nuclear
explosion that can disable electronic systems, interrupt communications, and destroy
computer data.

The first missile to undergo extensive modification was the Titan. Throughout the
late 1950s the Air Force Ballistic Missile Division (AFBMD) searched for a way to rem-
edy the two major weaknesses that plagued its first generation ICBMs: cryogenic (liquid
oxygen) propellant and radio-inertial guidance.

Searching for a fuel alternative, in January 1959 the AFBMD learned that with
minor modifications, Titan | could use a noncryogenic oxidizer (nitrogen tetroxide) and
a storable fuel that was a mixture of hydrazine and unsymmetrical dimethylhy-
drazine. The benefits of the new propellant were threefold. First, because the fuel and
oxidizer could be stored onboard, the missile could be kept in a constant state of readi-
ness and fired within a minute or two. Second, the new propellant would markedly
reduce the chances of a calamitous in-silo explosion such as the ones that had already
destroyed two Titan | silos. Third, the new propellant would make it possible to
launch the missile from inside its underground silo, thereby reducing its vulnerability
to attack.

Several months later, the Air Force decided that, beginning in October 1962, it
would equip all of its Titan missiles with all-inertial guidance systems. Shortly there-
after, the AFBMD proposed incorporating both changes (storable, noncryogenic propel-
lant, and all-inertial guidance) into a new ICBM called Titan II.2

In November 1959 DoD authorized the Air Force to proceed with the Titan Il (SM-
68B) program.® The new missile offered a host of advantages over Titan I including in-
silo launch, quicker reaction time, improved reliability, reduced maintenance, longer
range, and a heavier payload. In light of Titan II's clear superiority, in March 1960
Secretary of Defense Thomas Gates ordered the Air Force to suspend the Titan | pro-
gram after completing 6 of the anticipated 12 squadrons. Instead he directed that the
final 6 squadrons would be equipped with the Titan II.

The Titan Il was the largest ICBM the United States ever built. Standing 108 feet
tall and weighing 330,000 pounds, the missile’'s powerful new first- and second-stage
engines increased its range to 9,000 miles. Titan Il also carried a payload of 7,500
pounds, almost twice that of its predecessor, which enabled it to carry a devastating 9-
megaton warhead.? Moreover, the Titan II's inertial navigation system freed the missile
from its dependence on a central, ground-based guidance facility. Consequently, Titan Il
silos could be widely dispersed, with at least 7 miles separating each launch facility. In
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Larger and more powerful than the Titan I, this diagram shows that the Titan Il was also easier to
deploy and maintain.

addition, the Titan Il launch facilities were “super hardened” to withstand overpressures
of between 300 and 350 psi.

The Air Force awarded the Titan Il production contract to the Martin Company,
and the first captive test flights took place in December 1961 at the company’s test
facilities outside of Denver.® In February 1963 a Titan Il fired from the Air Force
Missile Test Center (AFMTC) at Patrick AFB, Florida, completed a 6,500-mile test
flight, and afterwards the AFBMD judged the missile to be ready to deploy. By
December 1963 all 6 Titan Il squadrons, 54 missiles in all, had been turned over to
SAC crews.” To save money, the Air Force deployed its Titan Il squadrons in pairs. Two
squadrons were based near Davis-Monthan AFB, Arizona; two more near McConnell
AFB, Kansas; and the remaining two squadrons were placed near Little Rock AFB,
Arkansas.
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Initially the Air Force projected that the Titan 11s would serve into the 1970s, but a
steady stream of weapon system enhancements and a thorough service life extension
program kept the ICBMs on operational alert well into the 1980s. By 1981 the Titan
II's advancing age, coupled with a rash of accidents, led the Air Force to recommend
deactivating all of its Titan JIs.2 That process began in 1982 and was completed in
1987.7

In conjunction with the Titan Il development program, in March 1962 the Air Force
contracted with Boeing to begin planning and initial testing for the “Improved
Minuteman,” later designated
Minuteman Il (LGM-30F). The Air
Force awarded Boeing the Minuteman
Il production contract in October 1963,
and the contractor staged the first
Minuteman Il test flight in September
1964.

The Minuteman Il was a tremen-
dous improvement over Minuteman I.
Although the new ICBM was only 2
feet taller and 8,000 pounds heavier
than its predecessor, a new second-
stage engine extended the missile’s
range from 6,300 to 7,000 miles and
increased the payload to enable it to
carry a 1.2-megaton warhead.
Minuteman Il was also equipped with
a new Autonetics guidance system that
narrowed the circular error probable
(CEP) to 1.5 miles at maximum range.
The Air Force calculated that
Minuteman II's greater range, larger
warhead, and improved accuracy gave
it eight times the “kill” capability of
The Titan || was the first ICBM that could be “hot ~ Minuteman L8
launched”from within its underground silo. In this

sequence of pictures the missile, preceded by The first Minuteman 11 squadron
plumes of smoke from the exhaust ducts that went on operational alert at Grand
vented the silo, roars skyward. Forks AFB, North Dakota, in May

2 One Spectacular accident occurred while a maintenance WOrKer attempted to replenish a Titan II's
onboard oxidizer. During the operation he punctured one of the missile’s fuel tanks. The fuel, which was hyper-
galic, came in contact with oxidizer and burst into flame. The earth-shaking explosion that resulted destroyed
the silo and flung the warhead into a nearby field.
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A cutaway drawing of a Titan Il silo. The silos were widely dispersed; they had to be separated
by a distance of at least 7 miles.

1966, and by April 1967 the Air Force had deployed 200 of the new missiles.?
Throughout the late 1960s the Air Force replaced many of the older Minuteman |
missiles with Minuteman IIs, and by May 1969 the Air Force's solid-fuel ICBM
force stood at 1,000 missiles-500 Minuteman Is and an equal number of
Minuteman 11s.

The Minuteman 11s remained on duty throughout the Cold War. In 1991 they
were taken off operational alert in accordance with the provisions of the Strategic
Arms Reduction Talks (START) Agreement. As a result of that accord, the United

b The Minuteman Il program proved so successful that in January 1965 the Air Force announced that it
would deactivate its Atlas and Titan | squadrons by June of that year. The older missiles were too expensive to
keep. Each of the older missiles cost $1 million a year to maintain; the solid-fuel Minuteman cost one tenth of
that. Chronology of the Ballistic Missile Organization 1945-1990 (Norton AFB, CA: Ballistic Missile
Organization, History Office, 1990), p. 102.
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States and the former Soviet Republics
(Russia, Belarus, Kazakhstan, and
Ukraine) agreed to limit their long-
range missile and bomber forces to
1,600 launchers, and reduce the num-
ber of warheads distributed among
those delivery systems to 6,000 war-
heads.® Currently the Minuteman 11s
are being removed from their silos, and
the launch facilities and launch control
centers are being demolished.

Soon after the Minuteman Il staged
its first successful test flight, the Air
Force started work on Minuteman III.
Although not much larger than its pre-
decessor, the addition of a new third
stage increased Minuteman IlI's range
to 8,000 miles and significantly
increased its payload. More important,
Minuteman 11l was the first ICBM to
be fitted with MIRVs. This new tech-
nology enabled a single missile to carry
multiple warheads, each directed at a
different target. Each Minuteman Ill
could carry either two or three war-
heads, and with the help of a new post-
boost propulsion system and improved
guidance system, each of the 375-kiloton or 170-kiloton warheads was reportedly accu-
rate to within 800 feet of its target.10

The grates on the wall of the Titan Il silo folded
down to provide access to the missile from the
encircling  passageways.

SAC placed its first squadron of Minuteman 111s at Minot AFB, North Dakota, on
operational alert in January 1971. To make room for the new missiles, all of which
were to be placed in reconfigured Minuteman | and 11 silos, the Air Force retired all
of its Minuteman Is and 50 of its older Minuteman IIs. By July 1975 the force
modernization was complete and the nation’s land-based ICBM force stood at 450
Minuteman IIs, 550 Minuteman IIIs, and 54 Titan 11s. Twenty years later, 530 of
those Minuteman 111s are still on guard, and it is expected that the Air Force’s
Minuteman Integrated Life Extension Program will keep them operational well into
the 21st century.

Soon after the first Minuteman 111s were deployed, SAC planners began their search
for a third-generation ICBM that would carry the nation’s strategic nuclear deterrent
into the next century. In April 1972 the Air Force designated its new advanced ICBM
program “Missile-X,” or MX, and over the next 8 years it struggled to determine what
capabilities the MX should have and how it should be based.
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Basing was a critical consideration.
In the early 1970s SAC became
increasingly concerned that the next
generation of Soviet ICBMs would
carry multi-megaton warheads and
guidance systems accurate enough to
destroy U.S. ICBMs within their hard-
ened silos. To protect the MX from a
Soviet first strike, SAC planners con-
sidered two alternatives: a mobile
launch platform or a super-hardened
launch facility. They concentrated on
the former. Between 1972 and 1979 the
Air Force evaluated almost 40 different
basing schemes that included trains,
transport aircraft, and shuttling the
missiles between hundreds of above-
ground launch sites scattered over the
deserts of the southwest. After 7 years
of study, the basing mode issue
remained unresolved. In June 1979
President Carter could wait no longer;
he threw his support behind the
Multiple Launch Shelter scheme and
authorized the Air Force to proceed
with full-scale engineering develop-
ment.

Technicians at Malmstrom AFB, Montana, inspect
the two MIRVed warheads mounted on a
Minutemen Ml reentry bus.

The Air Force, however, never found a mobile basing mode that Congress liked.
As an interim measure in 1983 the Department of Defense authorized the Air Force
to install 100 of the newly designated Peacekeeper (LGM-18A) missiles in reconfig-
ured Minuteman 111 silos at F.E. Warren AFB, Wyoming. Congress objected to the
plan and in 1985 voted to limit the deployment to 50 missiles until the Reagan
administration could produce a more survivable basing plan. In 1986 the Air Force
proposed basing the remaining 50 missiles on 25 specially configured trains, an
approach it called the Peacekeeper Rail Garrison. The collapse of the Soviet Union,
coupled with a shrinking defense budget, prompted President Bush to cancel the
program in 1991.1

The 50 Peacekeepers at FE. Warren AFB were placed on operational alert between 1986
and 1988. This third-generation ICBM is a four-stage solid-fuel missile that can carry up to
ten 500-kiloton warheads. The Peacekeeper is 70 feet tall and weighs 195,000 pounds-2 Y2
times the weight of the Minuteman I11. Fitting these larger missiles into the existing
Minuteman silos was a challenge. It was possible because during the mid-1970s the Air Force
envisioned that Peacekeeper would be a mobile missile, and it designed the ICBM to be “cold
launched” from a sealed canister. By making certain modifications to the Minuteman silo, the
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A technician inspects a Minuteman lll in its
silo near Grand Forks AFB. Note the contrast
between the Minuteman silo and the Titan Il
silo pictured earlier in this chapter.

Air Force was able to load the sealed
Peacekeeper canister into the existing struc-
ture.

To launch the missile, high-pressure
steam blows the canister out of the silo and
up to an altitude of 150 to 300 feet, where-
upon the first-stage engine ignites and the
missile streaks off toward its target. Among
the many advanced features incorporated in
the Peacekeeper is an advanced inertial ref-
erence system (AIRS) that can reportedly
guide the Peacekeeper's warheads to within
400 feet of their targets.!?

Today, nearly 40 years after deploying
its first Atlas missile, the United States con-
tinues to rely on ICBMs to provide a vital
component of its strategic nuclear deterrent.
But just as the Cold War gave the ICBM
program life, that conflict's much-heralded
passing has had sweeping repercussions on
the missile program. With a single stroke of
his pen, President Bush in 1991 ordered the
deactivation and eventual destruction of
450 Minuteman 11 missiles. Over the past
25 years the nation’s ICBM force has been
cut almost in half, shrinking from a peak of
1,054 launchers in the mid-1970s to 580 in

1995. Further reductions are pending. Under the provisions of the START | Agreement,
almost all of the now-abandoned missile silos, with the exception of the Atlas and Titan
| facilities, are being systematically destroyed.
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CHAPTER 12

ARMS CONTROL AGREEMENTS:

THE LEGACY FOR PRESERVATION

Throughout the 1960s and 1970s the proliferation of nuclear weaponry and sophisti-
cated delivery systems gave soldiers and diplomats, both in Washington and Moscow,
cause for concern. Both sides saw the nuclear arms race as costly and dangerous, and in
the late 1960s the two superpowers opened arms limitation talks. These talks led to a
series of arms control agreements that began in the early 1970s and continued through
the 1994 ratification of the Strategic Arms Reduction Talks Agreement, called START I.
Implementation of the START | Agreement led to significant reductions in the U.S.
ICBM force and, as a result, hundreds of missiles and launch facilities have been
destroyed to comply with the treaty.

SALT1

The movement toward limiting nuclear weaponry began in the mid-1960s when
President Lyndon Johnson made several overtures to the Soviet Union to limit nuclear
weapons. At that time the United States held a commanding four-to-one advantage in
strategic nuclear weapons, and the Soviets had little interest in entering into an arms
control agreement that would lock them into a position of permanent inferiority.? In fact,
the U.S. advantage did not last long. Soviet ICBM production steadily increased
throughout the 1960s, and American intelligence analysts predicted that by the end of
the decade the Soviet ICBM force would equal that of the United States. The Soviets
would have probably continued building more ICBMs and ignoring calls for strategic
arms limitations had they not been concerned that an American breakthrough in
antiballistic missile (ABM) technology could negate their efforts. Consequently, on
August 19, 1968, Soviet Ambassador Anatoly Dobrynin announced that the Soviets had
agreed to join in strategic arms limitation talks (SALT). Because of the change in U.S.
administrations, the start of the bilateral talks was postponed until November 1969.
The talks, alternating between Helsinki and Vienna, lasted for the next 30 months.

The SALT 1 Interim Agreement essentially froze the number of land- and sea-based
launchers then in place. By the terms of the agreement the United States could keep
1,054 ICBMs and the Soviet Union 1,618. American conservatives opposed the accord,
complaining that the agreement allowed the Soviets far more ICBMs than the United
States. Moreover, they also pointed out that the Soviet missiles were far larger and car-
ried more powerful warheads than U.S. ICBMs. Proponents of the agreement were

4 In 1965 the United States had 854 ICBMs, 496 SLBMs, and 630 long-range bombers compared to the
Soviet Union’s 224 |CBMs, 102 SLBMs, and 160 bombers.
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quick to note that the American missiles were far more accurate, and that the Soviet
edge in ICBMs was offset by the United States' three-to-one superiority in manned
bombers.

On the other end of the political spectrum, U.S. liberals criticized the agreement for
not going far enough. They complained that the treaty did not limit force moderniza-
tion or prohibit arming missiles with multiple independently targetable reentry vehicle
(MIRV) technology, which enabled a single missile to carry multiple warheads, each
programmed to strike a different target. Indeed, the critics had a valid point. With no
limits on the number of warheads each side could deploy, each nation’'s nuclear stock-
pile steadily increased over the coming two decades. As the leader in MIRV technology,
the United States gained a strategic advantage in the early 1970s when it began equip-
ping each Minuteman Il ICBM with three MIRV warheads. However, SALT opponent
Senator Henry Jackson (D-Washington) noted that in time the Soviets also would
develop MIRV technology and, because their missiles were larger, they would be able to
deploy even more warheads. In addition, the SALT | Interim Agreement included no
provision to prevent future deployment of mobile missile launchers.!

SALT Il

As its name implied, the Interim Agreement was intended as a transition toward a
more comprehensive accord. Work began in November 1972 to forge a permanent com-
prehensive agreement and to correct the perceived flaws of the first accord. At the out-
set, negotiators hoped to sign the SALT Il accord quickly. But their original optimism
soon faded.

As the Watergate scandal created distraction and discontinuity in the Executive
Branch, and east-west relations soured over such issues as the fall of South Vietnam
and the Angolan civil war, the negotiations virtually stalled. The introduction of new
weapons systems also complicated the arms control equation, as long-range air-launched
cruise missiles (ALCMs) entered the American strategic weapons inventory and the
Soviet Union deployed long-range Backfire bombers.

After years of tedious, complex negotiations, President Carter and General Secretary
Brezhnev signed the SALT Il agreement in Vienna on June 18, 1979. The accord limited
each side to 2,400 launchers, which included ICBMs, submarine-launched ballistic mis-
siles (SLBMs), heavy bombers, and air-to-surface missiles. SALT Il included provisions
banning construction of additional ICBM launchers, limiting the number of warheads
each missile was allowed to carry, and imposing ceilings on missile size and payload.

The U.S. Senate never ratified SALT Il, however, and President Carter withdrew the
agreement from consideration in the wake of the December 1979 Soviet invasion of
Afghanistan. However, both President Carter and successor Ronald Reagan declared
that the United States would do nothing to violate the unratified accord so long as the
Soviets acted likewise.?
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Arms Control in the Reagan Era

Although agreeing to abide by the unratified SALT Il accord, the Reagan adminis-
tration felt the agreement tipped the strategic balance in favor of the Soviet Union.
Before engaging in new arms control negotiations, the administration embarked on a
wholesale modernization of U.S. strategic forces. Although staying within the confines of
SALT II, during the 1980s the United States replaced its aging Titan Il 1ICBMs with the
controversial MX and deployed the B-1B bomber and Trident SLBM. With this modern-
ization program underway, in a speech before the National Press Club on November 18,
1981, President Reagan outlined his strategy and proposed to engage the Soviets in
Strategic Arms Reduction Talks (START) aimed at substantially reducing the number of
nuclear weapons deployed by the two superpowers.

Nearly 10 years would pass before a strategic arms reduction accord was reached,
and another 3 years would pass before it could be implemented. A complicating factor in
these negotiations was the United States’ decision to deploy long-range Pershing Il mis-
siles and ground-launched cruise missiles (GLCMs) in western Europe to counter the
Soviet Union's earlier deployment of SS-20 intermediate-range missiles in western
Russia. ‘The crucial sticking point was determining which missiles would, and would not
be covered under the agreement. From the Soviets’ viewpoint, the new American
nuclear-tipped weapons, capable of striking targets deep within their territory, affected
the overall superpower strategic balance and thus should be included as part of any
strategic arms reductions. In contrast, the Soviets argued that their SS-20 missiles could
not reach U.S. cities, and therefore should not be included in the negotiations. However,
despite a Soviet propaganda campaign that helped feed a huge antinuclear movement in
western Europe as well as pressures at home to compromise, the Reagan administration
stuck with its “zero-option” plan: the North Atlantic Treaty Organization (NATO) would
remove the U.S. missiles only if all Soviet SS-20 missiles were also dismantled.

Other factors that delayed the strategic arms reduction talks were leadership
changes within the Kremlin that finally stabilized with the rise of Mikhail Gorbachev,
and President Reagan's Strategic Defense Initiative (SDI), unveiled in 1983. Over the
next 4 years the arms control talks lagged as the Soviets tried to place limits on SDI as
a condition for reducing their stock of offensive ballistic missiles.

In 1987, with U.S. Pershing Il and cruise missiles in place, the Soviets finally yielded to
Reagan’s zero-option plan for eliminating intermediate- and short-range missiles from
Europe. The signing of the Intermediate Nuclear Forces (INF) Treaty on December 8, 1987,
removed one of the major obstacles on the way toward strategic arms reductions. But as
negotiators haggled over the strategic arms balance, the geopolitical balance rapidly began to
change, and in 1989 the “Iron Curtain” dividing eastern and western Europe tumbled down.

START | and Il and the End of the Soviet Union

Finally, on July 31, 1991, President George Bush and President Gorbachev signed
the START | treaty, which called for a gradual reduction of strategic arms over the next
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decade. Soon afterward, the two nations began negotiations toward a START Il treaty
that would provide further arms reductions. START Il was signed in January 1993.

However, before START Il could be ratified, START | had to be implemented. No one
at the Moscow START | signing ceremony could have foreseen the events of the next
month that led to the breakup of the Soviet Union. In the aftermath of the failed coup
attempt of August 1991, Russian Federation President Boris Yeltsin in effect inherited
the reins of power from the beleaguered Gorbachev. In the ensuing political chaos, Soviet
republics broke away from Russia to form independent states. Three of the new
republics (Belarus, Kazakhstan, and Ukraine) inherited part of the Soviet Union’s
strategic nuclear stockpile. As a result, the three new nations had to be coaxed into the
START | framework. Ukraine’s divorce from the former Soviet Union, which led to
numerous disputes over boundaries, economic relations, and the status of the Black Sea
Fleet, was typical of the complexities of the new situation. With their new nation’s
potential status as the world’s third-largest nuclear power, Ukrainian politicians found
that they had considerable leverage in dealings with Moscow and Washington.

After extracting numerous concessions, the leaders of the three post-Soviet nuclear
powers came together with Presidents Yeltsin and Clinton in Budapest on December 5,
1994, to exchange “instruments of ratification” for START |. With this exchange, START
I could be implemented and START Il could undergo ratification by the participating
countries.?

The Impact of START |

START 1 called on the United States and the former Soviet republics to reduce their
nuclear arsenals to 6,000 warheads and limit their launch platforms, including ICBMs,
SLBMs, and long-range bombers, to 1,600.# The terms of the treaty gave both sides con-
siderable flexibility in removing the launchers from service. Despite the upheavals in
the former Soviet Union after the July 1991 signing, both sides began implementing the
accord.

On September 27, 1991, President Bush appeared on national television to announce
a series of steps designed to reduce Cold War-era nuclear tensions. His first step was to
order the Air Force to take all of its 450 Minuteman 11 ICBMs off operational alert.
Within 72 hours of the President’s order, the missiles at Whiteman, Ellsworth, and
Malmstrom Air Force Bases were taken off alert status for the first time in over 20
years.

Because Whiteman and Ellsworth Air Force Bases hosted only Minuteman Il mis-
siles, the presidential order truly marked the end of the missile era. Soon Air Force
crews began stripping the missiles of their warheads and guidance systems, and later
removed the missiles from their silos. Over the next 3 years demolition crews began the
difficult task of destroying the Minuteman silos and launch control facilities. To raze the
silos, contractors first demolished the headframes and then filled the empty tubes with
rubble. Afterwards, the construction crews spread topsoil over the site and seeded the
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area. The launch control centers received a slightly different treatment. Contractors

buried the accessways under yards of rubble and covered the site with a thick concrete
b

cap.

For Malmstrom Air Force Base, the missile era was not yet over. The Montana base
had its 150 Minuteman 11 silos taken off alert status, but during 1993 and 1994, 30 of
these silos were backfitted with Minuteman 111 missiles to join an additional 50 silos
that had been built for the newer missiles in the late 1960s.

Along with the 50 silos at Malmstrom that remained unaffected by President Bush’s
September 27, 1991, order, 450 Minuteman 111 silos at other sites remained on alert sta-
tus, split evenly between Minot, Grand Forks, and F.E. Warren Air Force Bases. In addi-
tion, F.E. Warren continued to operate 50 Peacekeeper ICBMs.5

The Impact of START Il

One of George Bush’s last acts as President was to travel to Moscow to sign the
START 1II Treaty. If implemented, this accord will reduce each nation’s total number of
warheads to 3,500. As with START I, both sides were given flexibility in the weapon sys-
tems they would withdraw from service. In the United States a Nuclear Posture Review
was conducted by DoD during the summer of 1994 to assess America’s strategic needs.
Looking to provide the nation with a balanced nuclear deterrent, while maintaining a
sizable strategic deterrent in case democratic reforms were to fail in the former Soviet
Union, a team led by Assistant Secretary of Defense Ashton Carter and Vice Admiral
William A. Owens projected a force structure for the year 2003 consisting of 450 to 500
Minuteman 11l ICBMs, 336 Trident D5 SLBMs, and 66 B-52H Stratofortress bombers.
The planners also forecast that by the year 2000, the Peacekeeper ICBMs (with their 10
warheads apiece) would be withdrawn from service and the Minuteman 111s would be
converted back to single-warhead missiles to comply with START Il provisions.®

To support this force mix, the March 1995 Base Realignment and Closure (BRAC)
Commission recommended the deactivation of the 321st Strategic Missile Wing at Grand
Forks Air Force Base. Consequently, the survival of missile wings at F.E. Warren, Minot,
and Malmstrom Air Force Bases seems assured through the end of the century.

Endnotes

1. Arms Control and Disarmament Agreements: United States Arms Control and Disarmament Agency (New
Brunswick, NJ: Transaction Books, 1984), pp. xxxi-xxxv, 132-154; Donald Baucom, The Origins of sDz,
1944-1983 (Lawrence, KS: University of Kansas Press, 1993), pp. 70-74.
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Force Base, Missouri, for preservation and public access.
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CHAPTER 13

CONCLUSI ON

The Cold War produced sweeping changes in the United States’ military establish-
ment and society at large. For more than 40 years the nation prepared to fight a war
that never came. In the process, the United States reversed its longstanding tradition
against maintaining a large peacetime military establishment, and at the same time
harnessed the nation’s industrial might and scientific genius to fashion the worlds most
sophisticated weapons of war. High technology became the ultimate arbiter of military
power, and nowhere was the impact of new technology more evident than on the nation’s
guided missile program. Armed with nuclear warheads, guided missiles quickly became
the defining weapons technology of the Cold War.

The Cold War missile program was born of technologies invented during World War
Il and nurtured by the arms race. Immediately after World War Il the United States
rapidly demobilized, and the military curtailed its missile research and development
(R&D) programs. But by 1950 the world had changed: the Soviet Union had developed
atomic weapons and the United States became embroiled in the Korean conflict, which
many thought to be a direct provocation by the Soviet Union and China. Confronted
with those challenges, in 1950 America began to re-arm.

The 1950s were a tumultuous decade for the U.S. missile program. One persistent prob-
lem was interservice rivalry: the Army and the Air Force squabbled over which service
would develop surface-to-air missiles, and all three services fought for the right to develop
long-range ballistic missiles. There were also internal disputes within the services. The Air
Force was notably reluctant to develop long-range ballistic missiles, and it took a consider-
able amount of external pressure to convince Air Force leadership to develop the ICBM.

Despite fierce interservice rivalries, the missile program grew rapidly during the
1950s and 1960s. The Army won primary responsibility for developing surface-to-air mis-
siles, and by 1958 it had deployed-200 Nike missile batteries across the country. The Air
Force's long-range BOMARC air defense missile program was slower taking shape, but
by the early 1960s seven squadrons were based along the nation’s eastern and northern
borders. In addition, the Army also sought to establish a nationwide antiballistic missile
defense system, but after 15 years of controversy, the program was canceled in 1972 as a
result of the Anti-Ballistic Missile Treaty signed with the Soviet Union.

After a bitter struggle in the mid-1950s, the Air Force won control of the IRBM pro-
gram, and in 1959 began deploying the missiles overseas. After a slow start with the
larger ICBM, the Air Force accelerated the Atlas program in 1954, and in 1955 it began
work on a second ICBM-the Titan. Three years later it began work on a third ICBM,
the revolutionary solid-fuel Minuteman.

Surviving the explosive controversy that erupted around Sputnik and the so-called mis-

sile gap, the Air Force placed its first squadron of Atlas missiles on operational alert in 1960.
This deployment was followed by the first Titan squadron in April 1962 and the first flight of
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10 Minuteman missiles the following October. With the help of the Army Corps of Engineers
Ballistic Missile Construction Office, which was responsible for building the launch com-
plexes and related support facilities, the Air Force deployed 1,054 ICBMs by the end of the
decade. Throughout the Cold War the Air Force continually modernized its ICBMs. In 1963
it unveiled the Titan 11, followed by the Minuteman Il in 1966, the Minuteman 111 in 1971,
and the Peacekeeper in 1986. Over time U.S. ICBMs became progressively more powerful,
more accurate, and better hardened to withstand the effects of a nuclear attack.

Looking back over 40 years, several impacts of the Cold War missile program are
starkly evident. Within the military establishment, the Cold War missile program altered
the services’ traditional roles and missions and created the nuclear triad. Furthermore,
the missile program recast the relationship between the military, the scientific commu-
nity, and industry into what President Eisenhower called the military-industrial complex.

The missile technology and expertise developed through the Cold War missile program
was the foundation for the U.S. civilian space program. Today the descendants of the Atlas,
Thor, and Titan missiles are still boosting payloads into space. Moreover, many technologies
developed for the missile program, such as computers, miniaturized electronics, inertial
guidance systems, and high-performance fuels, have found widespread civilian applications.

The missile program also brought the Cold War home to many Americans. To farm-
ers in the Great Plains, the Cold War suddenly came to life when the Air Force built

Prepared to accompany an Air Force press release, this artist’'s conceptualization sought to
reassure Western farmers and ranchers that the Mintueman launch sites would be safe,
unobtrusive neighbors.
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Minuteman silos among their wheat fields. The Army’s Nike missile sites provided an
even more striking reminder: many of these batteries were located near the most
densely populated areas in the nation, and they provided graphic testimony to the sever-
ity of the conflict between the United States and Soviet Union.

There were important economic implications as well. The missile program brought
sudden prosperity to sleepy towns like White Sands, New Mexico, and Huntsville,
Alabama. Across the nation, tens of thousands of Americans found work building the
complex missiles and huge launch facilities that would house the new weapons.

Most of these missile launch sites, built with frantic urgency and at great expense,
now stand vacant. The Atlas and Titan | launch facilities were declared surplus in the mid-
1960s. In most cases the Air Force hired contractors to remove all of the salvageable mate-
rials, and afterward the sites were turned over to the General Services Administration for
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disposal, Most of the silos were not readily adaptable for other uses, so there was little
commercial interest in the properties.®

The Nike facilities, however, were more adaptable. Located near major cities, the
Nike bases offered a collection of sturdy concrete buildings and a support infrastructure
that could be put to a variety of uses. For example, the Nike battery outside
Davidsonville, Maryland, is now a police training academy, and the battery near
Gardner, Kansas, has been converted into the Nike Middle School.

In summary, the Cold War missile program left behind a large and diverse collection
of artifacts and structures. Today, hundreds of Nike batteries and ICBM launch facilities
still dot the countryside. These launch sites, however, reflect only a fraction of the mas-
sive US. investment in the Cold War missile program. Behind the launch facilities stood
hundreds of research laboratories, test sites, production facilities, training centers, and
logistics and maintenance facilities. Many of these sites are still in use, but many others
have been closed down, put to other use, or simply abandoned. Before these structures
and artifacts are either altered or destroyed, it is important that they be examined and
cataloged to enable future generations to gain a better understanding of the historical
and cultural legacy of the Cold War missile program,

Operational between 1959 and 1969, Nike site KC-60, near Gardner, Kansas, has been converted
to a middle school.

2 A couple of notable exceptions are the Atlas E launch sites; one has been converted to a private residence
and another is being used as a science and technology center for a local high school.
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BIBLIOGRAPHY

Introduction

The literature on the Cold War missile program is extensive and diverse.
Fortunately, a significant amount of information is readily available in general reference
works, chronologies, selected government studies, congressional hearings and reports,
oral histories, monographs, and articles in the aviation press. In many cases a thorough
review of these sources will provide the reader with all of the information needed.

For those who wish to delve deeper in the missile program, in addition to the pub-
lished sources, there are large collections of missile program records stored at govern-
ment archives and record centers, and to a lesser extent, in Army and Air Force history
offices. Among the types of records on file are routine correspondence, detailed technical
reports, program planning documents, and program summaries. Unfortunately, these
repositories are scattered across the country and their collections are often poorly
indexed. Also, getting access to the records is often difficult, for many of the documents
are still classified.

Given these hurdles, this bibliography seeks to serve two purposes. The first is to
introduce the reader to the existing literature on the Cold War missile program; and the
second is to identify and briefly describe the archival collections the authors found use-
ful in preparing this study.

Published Sources

Consulting the published sources is always a good first step for any researcher.
Fortunately, much has been written on the missile program, ranging from scholarly
monographs to magazine and newspaper articles. All of these sources have something to
offer. For example, monographs are often valuable surveys and their detailed endnotes
can serve as an introduction to the primary source materials. Articles in the aviation
press provide valuable information on technical issues, and coverage in local newspapers
reveals the impact of the missile program on small communities.

Record Repositories

Record repositories come in all shapes and sizes ranging from the National Archives
and the Federal Record Center to small military history offices. The most valuable
record collections that the authors consulted are listed in the following paragraphs.

Since the early 1950s the Air Force has played the predominant role in long-range
ballistic missile development. The most complete set of Air Force records, ranging from
the late 1940s to the early 1990s, is housed at the Ballistic Missile Organization History
Office, (BMO/HO) Norton AFB, San Bernardino, California. Over the years BMO/HO has
amassed a trove of documents ranging from Atlas program summaries to Peacekeeper
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technical reports. Much of the material remains classified. For documents on the early
years, see the Basic Document Collection, sometimes called the Rockefeller papers.
Records relating to specific missile programs are filed by missile type. There is also a
fairly detailed finding aid for the collection. Unfortunately, as this study was being pre-
pared, the Air Force disbanded the BMO and turned its responsibilities over to the Air
Force Materiel Command, Space and Missile Systems Center, Los Angeles. The BMO/HO
archives are being sent to the Air Force Historical Research Agency, Maxwell AFB,
Montgomery, Alabama.

The Air Force Historical Research Agency (AFHRA) is the Air Force's most extensive
archive, housing 60 million pages of records. The collection is open to the public, and the
agency has a staff of archivists and historians available to assist readers. In preparing
this study the authors drew upon AFHRA’s extensive collection of unit and oral histo-
ries.

The Air Force History Office (AFHO), Bolling AFB, Washington, DC, maintains a
small research collection and also houses microfilm copies of many of the documents
accessioned at AFHRA through the mid-1970s. Since many microfilm reels contain both
classified and unclassified documents, access to unclassified documents is difficult.
Consequently, researchers might wish to consult the original documents on file at
AFHRA.

The U.S. Strategic Command, Offutt AFB, Nebraska, is a joint command that
replaced the Air Force Strategic Air Command (SAC) in the early 1990s. The Strategic
Command History Office retains a small collection of SAC missile documents and pho-
tographs.

The Army Corps of Engineers supervised the construction of thousands of Cold War
missile facilities. Many of the records pertaining to the construction program have been
preserved in the Research Collection, Office of History, Headquarters, U.S. Army Corps
of Engineers, Alexandria, Virginia. Of special interest are the Corps of Engineers
Ballistic Missile Construction Office (CEBMCO) histories that describe the construction
of the ICBM launch and control facilities. The Research Collection also houses construc-
tion histories for the antiballistic missile system. In addition, the History Office has pre-
pared a helpful index of records of ICBM, Nike, and antiaircraft missile program records
for the period 1950-1964, stored at the Washington National Records Center (WNRC),
Suitland, Maryland. Access to those records is through the History Office.

Many Air Force and Department of Defense records related to the Cold War missile
program are also stored at WNRC. The record center serves as interim storage facilities
until the originating agency transfers the records to the National Archives. Researchers
must work through the originating agency to gain access to the documents.

WNRC holds two record groups pertinent to the study of the Air Force missile pro-
gram. Record Group 340, records of the Secretary of the Air Force, accession humber
60A-1055, contains the correspondence of Under Secretaries James Douglas, Donald
Quarles, and Trevor Gardner. It also contains the correspondence of Secretary of the Air
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Force Harold Talbott. For a detailed glimpse of the missile program from the Pentagon’s
perspective, see Record Group 341, records of Headquarters, United States Air Force,
accession number 61B-1643. These papers contain the records of the Assistant Chief of
Staff for Guided Missiles (AFCGM); the papers of the Guided Missiles

Interdepartmental Operational Requirements Group (GMIORG); the papers of K.T.
Keller, the Secretary of Defense’s Director of Guided Missiles; and the records of the
Gardner Committee, also known as the Defense Study Group on Guided Missiles.

For information on the Army’s long-range missile program, consult the records at the
Army Missile Command (MICOM) History Office, Redstone Arsenal, Huntsville,
Alabama. Although the History Office has relatively few documents, it has prepared his-
tories of Redstone Arsenal, the Army Ballistic Missile Agency, and program histories for
the Nike Ajax, Nike Hercules, Redstone, and Jupiter missile systems.

The Army Center for Military History (CMH), Washington, DC, also has a collection
of records dealing with the Army missile program, including several studies on the Nike
Ajax and Hercules missile systems. In addition, the center holds annual histories and
related records for the now-defunct U.S. Army Air Defense Command (ARADCOM) that
describe the deployment of air defense missiles.

The United States Army Military History Institute (MHI), Carlisle Barracks,
Pennsylvania, has an excellent library that includes a nearly complete collection of
Argus, the monthly magazine of ARADCOM. Argus provided a barometer of social activ-
ity at Nike sites from the 1950s to 1970s. In addition, MHI is also the repository of the
Army’s command and unit histories.

The National Air and Space Museum (NASM), Archives Division, Washington, DC,
holds a potpourri of material on the Cold War missile program. The data, which runs the
gamut from technical reports to newspaper clippings, varies widely both in terms of
guantity and quality. The Archives Branch also maintains an extensive collection of mis-
sile photographs.

The Still Pictures Branch, National Archives Il, located in College Park, Maryland,
maintains an excellent collection of missile photographs for the period 1953-1981. The
most notable collections are Record Group 342 B (black and white) and RG 342 B (color).
Also of interest is RG 111, Army Signal Corps photographs of missile facilities. For pho-
tographs taken after 1981, consult the Defense Still Media Records Center, Anacostia
Naval Station, Washington, DC. The Prints and Photographs Division of the Library of
Congress, Washington, DC, also maintains a sizable collection of missile photographs.
The division also holds copies of the Historic American Engineering Records, including
studies of Nike missile installations.

General Reference Works

These general works provide the reader with an overview of the missile program.
They touch on the evolution of missile technology and also describe many of the important

141



To Defend and Deter: The Legacy of the United States Cold War Missile Program

political and economic dimensions of the Cold War missile program. Jacob Neufeld's book
on missile development, Kenneth Schaffel's book on the evolution of continental air
defense, and Mark Morgan's volume on Nike are especially valuable.
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Chronologies

With most of the books and articles dealing with only a small part of the missile pro-
gram, it is often difficult to align the scattered events in their proper sequence. These
chronologies help, and many contain brief descriptive accounts found nowhere else. The
Chronology of the Ballistic Missile Organization 1945-1990 is a superb resource. It gives
detailed descriptions of the events, and also contains concise profiles of the missile sys-
tems involved.

Chronology of the Army Ballistic Missile Agency: A Record of Significant Events,
Technological Progress, and Scientific Accomplishment Since Activation February
1956-December 1960. Redstone Arsenal, Huntsville, AL: Army Ballistic Missile
Agency, 1961.

Chronology of the Ballistic Missile Organization 1945-1990 Norton AFB, CA: Ballistic
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INTRODUCTION

At the heart of the Cold War missile program were the missiles themselves. These
incredibly complex weapons were capable of delivering a multi-megaton warhead half a
world away, shooting down hostile aircraft, or even intercepting an incoming ICBM in
flight. One must remember, however, that the missiles themselves were only a small
part of the operational weapon system; something akin to a bullet in a gun. To become
effective instruments of combat power, the missiles had to be based in secure launch
facilities, directed to their targets by complex guidance systems, and maintained by ded-
icated crews and supported by an extensive logistic network.

The system profiles that follow are detailed portraits of Army and Air Force defen-
sive and deterrent missile systems. Each profile includes the missile specifications, the
contractors that built it, where it was based, and a detailed description of the launch
sites it operated from. Each profile also contains a short reference section. A wide range
of photographs and illustrations showing each missile and its various launch configura-
tions complement, the text.

The system profiles are grouped by weapons type, and are listed in the order in
which they were developed. Also, the reader should keep in mind that the ranges cited
for the long-range missiles are expressed in terms of nautical miles. The ranges given
for the air-defense missiles are in statute miles.
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Nike Ajax (SAM-A-7) (MIM-3, 3A)*

Summary

In 1954, the U.S. Army deployed the world’s first operational, guided, surface-to-air
missile system. This system, the Nike Ajax, was conceived near the end of World War Il
and developed during the early years of the Cold War. With an increasing perception of a
direct Soviet bomber threat to the American mainland, the Army rushed Nike Ajax into
production and deployed the missile system around key urban, military, and industrial

locations.

The Nike Ajax contractor, Western Electric's Bell Telephone Laboratories, teamed
with numerous subcontractors to produce 350 missile batteries for domestic and over-

seas deployment. The primary subcontractor, Douglas Aircraft, built 13,714 missiles at
its Santa Monica plant and at the Army Ordnance Missile Plant located at Charlotte,

North Carolina.

By 1958, the Army deployed nearly 200 Nike Ajax batteries around the nation’s
cities and vital military installations. Soon thereafter, the Army began gradually deacti-
vating the Nike Ajax batteries and replacing them with the longer-range nuclear-capable
Nike Hercules. The Army Air Defense Command (ARADCOM) deactivated the last Nike
Ajax batteries guarding the Norfolk, Virginia, area in late 1963.

Technical Specifications

Length: 21 feet (34 feet 10 inches with booster)
Diameter: 12 inches

Wingspan: 4 feet, 6 inches

Weight: 1,000 pounds (over 2,455 pounds with booster)

Missile fuel/oxidizer: M3, a combination of JP4 jet fuel and starter fluid consisting ini-
tially of aniline/furfuryl alcohol, later dimethyl-hydrazine, and
finally, red fuming nitric acid (IRFNA)

Booster fuel: Solid propellant
Range: 25 to 30 miles

Speed: Mach 2.3 (1,679 mph)
Altitude: Up to 70,000 feet

Guidance: Command by electronic computer and radar

*SAM-A-7 Was the designation before 1962, and MIM-3, 3A were the designations used after 1962.
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Two Nike Ajax missiles on their launchers. The missile in the foreground is in firing position.

Warhead: Three high-explosive fragmentation warheads mounted in the nose, center,
and aft sections

Contractors

Airframe: Douglas Aircraft Company
Santa Monica, California

Propulsion: Booster: Hercules Powder Company
Radford Arsenal, Virginia

Sustainer: Bell Aircraft Company
Buffalo, New York

Guidance: Western Electric Company
New York, New York
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Nike Ajax

Nose Warhead

Arming Mechanisms (2)

Center Warhead

Tunnel No. 4

. Aft Warhead

Handling Loops

The Nike Ajax had warheads in its nose, center, and tail sections. After
the missile closed to within a specified distance of its target, it was

detonated by remote control.
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System Operation

The Nike Ajax command guidance system received guidance information from a com-
puter on the ground. Designed to engage faster and higher-flying aircraft beyond the
range of conventional antiaircraft artillery, the Nike system depended on technological
advances in radar and computers made during and after World War I1.

A series of events preceded any missile launch. First, an Air Defense Command Post
sent warning to the battery of an imminent attack. Sirens would send personnel scurry-
ing to their assigned battle stations. At the launching area, personnel conducted last-
minute prefiring checks and positioned the missiles on the launchers.

As personnel readied the missiles, the incoming aircraft was picked up on a long-
range acquisition radar. For the Nike Ajax system, this radar was known as T,OPAR for
“Low-Power Acquisition Radar.” The L.OPAR search radar antenna rotated constantly at
a predetermined speed. When targets appeared on the scope, the battery commander
used “electronic interrogation” to determine if the target was friend or foe.

Once the LOPAR operator designated a target as hostile, this information was
transferred to a target-tracking radar (TTR). The TTR determined the target's azimuth,
elevation, and range, and then automatically provided that information to a computer
for use in guiding the Nike Ajax missile. Once energized, the guidance computer
received a running account of the target's changing position.

Adjacent to the TTR, the missile-tracking radar (MTR) locked onto the missile
selected to perform the intercept. When the hostile aircraft came within the battery’s
range, the battery commander launched the missile. After producing 59,000 pounds of
thrust within 3 seconds to push the missile off the launch rail, the missile booster
dropped away. Having ignited, the missile accelerated through the sound barrier. Once
the missile was in the air, the MTR received continuous data on the missile’s flight. In
turn, by receiving updates from the TTR, the computer generated course correction
information that was transmitted to guide the missile toward the target. At the pre-
dicted intercept point, the computer transmitted a burst signal that detonated the three
high-explosive warheads,

One of the major flaws of the Ajax guidance system was that it could engage only
one target at a time. Also, when the system first deployed, there was no provision for
coordinating fire between multiple batteries. Thus, several different batteries could
engage the same target and allow other targets to pass through. To alleviate this prob-
lem, ARADCOM established command centers where incoming targets were manually
plotted and engagement orders were passed to the batteries. However, the inadequacies
of this voice command and control system became immediately apparent during defense
exercises, which sent the Army scrambling for a new solution.

Introduced in the late 1950s, the Interim Battery Data Link (IBDL) provided a “real-

time” target data link between the batteries so that battery commanders could readily
see what targets other batteries were actively engaging.
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An aerial view of the integrated fire control area, Site S-61, Vashion Island, Washington.
Although this 1971 photograph shows the site configured to handle the Nike Hercules, all of
the earlier Nike Ajax radars are still in place. Positioned outward from the radar dome are the
target-ranging radar, target-tracking radar, the missile-tracking radar, and at the forward edge

of the installation, the low-power acquisition radar. The buildings in the foreground are
barracks and support buildings.

While IBDL was being deployed, the Army tested a successor system called “Missile
Master” at Fort Meade, Maryland. After this system was proven within the Baltimore-
Washington Defense Area, other major defense areas began receiving the Missile Master
(AN/FSG-1) systems. Missile Master was the first truly integrating command and con-
trol system featuring automatic data communications, processing, and display equip-
ment. By eliminating voice communications, this Martin-built system allowed an area
commander to use all his batteries to engage up to 24 different targets.

Smaller defense areas with fewer batteries received another command and control
system called the Battery Integration and Radar Display Equipment “BIRDIE”
(AN/GSG-5).
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Developmental History

In 1944, German advances in rocketry and jet aircraft, as well as the ability of
bombers to fly at higher altitudes, brought to Army planners a somber realization that
traditional antiaircraft artillery weaponry soon faced obsolescence. As a result of internal
studies verifying the need for a “major caliber anti-aircraft rocket torpedo,” the Army
Chief of Ordnance issued a contract in February 1945 for Western Electric and Bell
Telephone Laboratories (BTL) to determine the feasibility of such a weapon system. Army
Ordnance based its selection of Western Electric/BTL on the team’s experience in develop-
ing and producing gun directors and tracking radars.

Reporting back in mid-1945 that such an antiaircraft missile system was indeed fea-
sible, Western Electric/BTL presented the parameters of a proposed system that came
remarkably close to the system actually fielded 8 years later. The Army selected Western
Electric as the prime contractor to develop the missile system. BTL maintained control
of computer and radar development and worked with the Ballistics Research Laboratory
at Aberdeen Proving Ground, Maryland, in determining the optimum shape of the war-
head. Picatinny Arsenal, New Jersey, received responsibility for developing the High-
Explosive (HE) fragmentation device that would be placed in the warhead, while
Frankford Arsenal, Pennsylvania, created the fusing device.

The Douglas Aircraft Company became a major subcontractor, responsible for aero-
dynamic studies on the interceptor missile. Aerojet Engineering supplied both the liquid-
fueled sustainer engine and the solid-fueled booster rockets. The initial design called for
eight booster rockets to be wrapped around the tail of the missile. The development
schedule projected a weapon system ready for production in 1949. This schedule was not
met.

The first static firing of a Nike missile occurred at White Sands Proving Ground,
New Mexico, on September 17, 1946. The missile was returned to Douglas's Santa
Monica plant for evaluation. A week after the first static test, the first actual launch of a
missile occurred at White Sands. Several other “uncontrolled flight” launchings occurred
that fall, with one missile reaching an altitude of 140,000 feet. Instead of warheads,
these missiles carried onboard cameras to record instrument readings throughout the
flight.

Launches at White Sands continued in 1947. Meanwhile, tracking experiments pro-
ceeded at Whippany, New Jersey, using an experimental monopulse radar,

By 1948 the missile project had fallen behind schedule. Problems with the reliability
of the cluster booster configuration forced designers to adapt an Allegheny Ballistics
Laboratory booster that had been developed for the Navy's antiaircraft missile program.
With this single solid-fuel booster, the missile took on an elongated appearance as the
missile now sat piggy-back on top of the booster. Launchings at White Sands now tested
for roll stabilization and steering controls. Problems were resolved only after tedious
study of telemetry records.
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Technical advances continued at both White Sands and BTL. These advances suffi-
ciently impressed the DoD Director of Guided Missiles, K.T. Keller, in October 1950 to
recommend acceleration of the program. Despite the fact that system testing was still
ongoing, the Army let a contract in January 1951 for Western Electric, BTL, and
Douglas Aircraft to produce 1,000 Nike Ajax missiles (or the Nike I as it was then called)
and 60 sets of ground equipment.

The Army’s faith was justified when on November 27, 1951, a Nike successfully
engaged a QB-17 drone over the skies of New Mexico. During the following April addi-
tional tests with live warheads further impressed VIPs visiting at White Sands. By July
1952, the first production-line Nike was launched. Testing continued to evaluate the
missile and improve the reliability of the production models. By the following summer,
the contractors were ready to turn over a complete missile battery to the Army Anti-
Aircraft Command (ARAACOM). Soon soldiers were training to operate and maintain
the system.

Over the next few years, hundreds of Nike Ajax missiles streaked across the south-
ern New Mexico sky as battery crews, called “packages,” trained at nearby Fort Bliss,
Texas, before deploying. Later, most of these men returned to Fort Bliss to fire addi-
tional missiles during Annual Service Practices (ASPs). Beginning in 1957, many of the
men who underwent initial training were National Guardsmen.

Basing Strategy

The Nike Ajax system was designed to supplement and then replace gun batteries
deployed around the nation’s major urban areas and vital military installations.
ARAACOM’s original basing strategy projected a central missile assembly point from
which missiles would be taken out to prepared above-ground launch racks ringing the
defended area. However, ARAACOM discarded this semimobile concept because the sys-
tem needed to be ready for instantaneous action to fend off a “surprise attack.” Instead,
a fixed-site scheme was devised.

Due to geographical factors, the placement of Nike Ajax batteries differed at each
location. In Chicago, for example, the broad expanse of Lake Michigan forced ARAACOM
to erect batteries along the lakefront near the heart of the city. In planning Chicago and
other area defenses, ARAACOM planners carefully examined all possible enemy aircraft
approaches to ensure no gaps were left open. Initially, the planners chose fixed sites well
away from the defended area and the Corps of Engineers Real Estate Offices began seek-
ing tracts of land in rural areas. However, in late 1952, the planners determined that
close-in perimeter sites would provide enhanced firepower. Staggering sites between out-
skirt a:nd close-in locations gave defenders a greater defense-in-depth capability. The
Corps of Engineers Real Estate Offices recognized that projected acreage requirements of
119 acres per site would not be feasible in some of the urban areas selected for missile
deployment. To solve this problem, design architect Leon Chatelain, Jr., devised an
underground magazine configuration that cut the land requirement down to 40 acres.
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The Army constructed a prototype magazine at White Sands in June 1953 and fired mis-
siles from the magazine elevator platform to demonstrate the design’s practicality. With
the design proven, Chatelain, along with the architectural firm of Spector and
Montgomery, began preparing drawings for nationwide distribution. On October 28, 1953,
ARAACOM directed that the underground magazine design would be used in most cases.

To minimize land acquisition costs, public lands were to be used whenever possible,
even at the cost of tactical considerations. Often the only public lands available were
parklands. Occasionally the Army had to confront local citizens who opposed the use of
parkland and were concerned with public safety. Most of the time, the Army had no
choice but to acquire private property. Some private landowners, not understanding the
very restrictive requirements for a Nike installation, assumed Army land demands were
made either arbitrarily or capriciously. Occasionally, local opposition succeeded in get-
ting the Army to move a planned site to a new location.

Once the land was acquired, local Corps of Engineer Districts contracted with pri-
vate construction firms to execute the Chatelain plans.

Nike Ajax Deployment

The first Nike Ajax unit deployed to an above-ground site at Fort Meade, Maryland,
in March 1954. Over the next 4 years, nearly 200 batteries were constructed around the
majority of America’s major northern tier and coastal cities. In June 1958, a process of
conversion to the longer range Nike Hercules missile began. Subsequently, the Nike Ajax
batteries were either modified to accept the new missile or deactivated. In November
1963, Site N-63 guarding Norfolk, Virginia, was the last Nike Ajax battery to be deacti-
vated. However, the Nike Ajax missile continued service overseas with the U.S. Army
and with the military forces of America’s allies for many more years.

Site Configuration

Each Nike missile battery was divided into three principle areas: the administrative
area, integrated fire control area (IFC), and the launch area. The administrative area was
usually collocated within the IFC or launch areas. The IFC and launch areas were sepa-
rated by at least 1,000 yards, often over a mile, but were within visual sight of each other.

The administrative area included barracks, a mess hall, and a recreation/adminis-
tration supply building. These buildings were typically one-story cinder block structures
with flat roofs. The area also contained a large motor maintenance building with wash
and grease racks and a fuel tank with a gasoline pump.

The IFC hosted the three acquisition and tracking radars as well as the battery con-

trol trailer, radar control trailer, maintenance and spares trailer, power plant, and elec-
tric cabling system.
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The battery control trailer contained the missile guidance computer, the acquisition
radar scope and controls, and the telephone switchboard. From here the battery com-
mander identified targets and directed missile launches. The radar control trailer held
controls and electronic equipment for the TTR and MTR. The maintenance and spares
trailer contained test equipment and spare parts. Three 400-cycle diesel-driven genera-
tors were installed to provide electrical power to this area. The electric cabling system
transmitted data within the control area and to the launch area. A collimation test mast
was placed at each battery control area to provide a common reference point for adjust-
ing the radars.

The first Nike sites featured above-ground launchers. This quickly changed as land
restrictions forced the Army to construct space-saving underground magazines. Capable
of hosting 12 Nike Ajax missiles, each magazine had an elevator that lifted the missile
to the surface in a horizontal position. Once above ground, the missile could be pushed
manually along a railing to a launcher placed parallel to the elevator. Typically, four
launchers sat atop the magazine.

Near the launchers, a trailer housed the launch control officer and the controls he
operated to launch missiles. In addition to the launch control trailer, the launch area
contained a generator building with three diesel generators, frequency converters, and
missile assembly and maintenance structures.
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Cutaway view of a Nike Ajax magazine and above-ground launchers.
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This 1956 photograph shows the Nike Ajax launch area belonging to the 740th AAA Missile
Battalion near Fort Winfield Scott, California. Clockwise from the left are the missile assembly
and electronic test building, the generator building, the large protective berm surrounding the
fueling area, and the missile launchers.
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Nike Hercules (SAM-N-25) (MIM-14/14A/14B)

Summary

As the Nike Ajax system underwent testing during the early 1950s, the Army
became concerned that the missile was incapable of stopping a massed Soviet air attack.
To enhance the missile’s capabilities, the Army explored the feasibility of equipping Ajax
with a nueclear warhead, but when that proved impractical, in July 1953 the service
authorized development of a second generation surface-to-air missile, the Nike Hercules.
As with Nike Ajax, Western Electric was the primary contractor with Bell Telephone
Laboratories providing the guidance systems and Douglas Aircraft serving as the major
subcontractor for the airframe.

In 1958, 5 years after the Army received approval to design and build the system,
Nike Hercules stood ready to deploy from converted Nike Ajax batteries located in the
New York, Philadelphia, and Chicago defense areas. However, as Nike Hercules batter-
ies became operational, the bitter feud between the Army and Air Force over control of
the nation’s air defense missile force flared anew. The Air Force opposed Nike Hercules,
claiming that the Army missile duplicated the capabilities of the soon-to-be-deployed
BOMARC. Eventually, both of the competing missiles systems were deployed, but the
Nike Hercules would be fielded in far greater numbers over the next 6 years.

During the course of the Cold War, the Army deployed 145 Nike Hercules batteries.
Of that number, 35 were built exclusively for the new missile and 110 were converted
Nike Ajax installations. With the exception of batteries in Alaska and Florida that
stayed active until the late 1970s, by 1975 all Nike Hercules sites had been deactivated.

Technical Specifications
Length: 41 feet

Diameter: 31.5 inches
Wingspan: 6 feet, 2 inches
Weight: 10,710 pounds
Booster fuel: Solid propellant
Missile fuel: Solid propellant
Range: Over 75 miles

Speed: Mach 3.65 (2,707 mph)
Altitude: Up to 150,000 feet
Guidance: Command by electronic computer and radar

Warhead: High-Explosive fragmentation or nuclear
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A solid-fuel Nike Hercules missile rests on its elevator-mounted launcher. The four dark colored
solid-fuel boosters are clustered together just forward of the tail.

Contractors

Airframe: Douglas Aircraft Company
Santa Monica, California

Propulsion: Booster: Hercules Powder Company
Radford Arsenal, Virginia

Sustainer: Thiokol Chemical Corporation
Longhorn Division, Marshall, Texas

Guidance: Western Electric Company
New York

System Operation

Nike Hercules was designed to use the supporting components of the Nike Ajax sys-
tem. To engage hostile targets, missilemen followed procedures similar to those used
with the Nike Ajax.

Because of the increased capability of the system, there were some additions to the

ground equipment. For example, a High-Powered Acquisition Radar (HIPAR) was
installed to track targets at greater range. Alternate Battery Radars (ABARs) were also
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installed as backup units. In addition, a Target
Ranging Radar was added to counter enemy radar
jamming attempts.

“Missile Master” or “BIRDIE” command and
control systems were installed at Army Air Defense
Command Posts to ensure a coordinated defense
against attacking aircraft. Despite the data automa-
tion, Missile Master was still a labor-intensive sys-
tem that eventually became over-capable because
the increased range of Nike Hercules reduced the
number of batteries that needed to be coordinated.
“Missile Mentor,” a solid-state system costing one
tenth of Missile Master, arrived as a replacement
system in the mid-1960s.

Developmental History

In March 1952, due to limitations of the sgon-
to-be-deployed Nike Ajax system (including the
inability to discern individual bombers within a
densely-packed flying formation), the Bureau of
Ordnance recommended a study of the feasibility of
equipping Nike Ajax with a nuclear warhead. Two
months later, the Chief of Ordnance asked Bell
Telephone Laboratories (BTL) to examine the feasi-
bility of a nuclear Nike Ajax using the current
ground system. After consulting with Picatinny
Arsenal and Sandia Laboratories, BTL recom-
mended either fitting an XW-9 warhead into the
Nike Ajax or building a wider missile to carry the
more potent XW-7 warhead.

In August, the Chief of Ordnance approved an
engineering study to investigate the latter option
with the objective of fielding a weapon quickly at
minimum cost. As a result of this study, in
December the Deputy Chief of Plans and Research
approved plans for the follow-on project.

The Nike Hercules had approximately three times the
range and carried a warhead three times larger than the
Nike Ajax it replaced.
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Two months later, in February 1953, the Army asked BTL to develop detailed pro-
posals for a Nike “B” or Hercules. A month later, Bell and Douglas Aircraft Company
representatives outlined three ground guidance systems for missile designs varying in
range from 25 to 50 miles. Longer range missiles would require major revisions to facili-
ties currently being constructed for the Nike Ajax. Soon thereafter, Nike “B” received
approval from the Joint Chiefs of Staff with a 1A priority.

On July 16, 1953, the Secretary of the Army formally established the Nike “B” pro-
gram with the objective of obtaining a weapon that could intercept aircraft flying at
1,000 miles per hour, at an altitude of 60,000 feet, and a horizontal range of 50,000
yards.

Western Electric, BTL, and Douglas began the research and development phase and
by 1955 began conducting test firings at White Sands Proving Ground, New Mexico. To
build the new missile, the Nike Hercules design team simply took the components of the
Ajax missile and multiplied by four. Four solid booster rockets were strapped together to
push the missile into flight. Once the booster rockets fell away, four liquid-propellant
driven engines would carry the warhead to the target. Unfortunately, this design, depen-
dent on multiple systems, hindered reliability. Of the first 20 flights, 12 had to be termi-
nated due to malfunctions. On September 30, 1955, tragedy struck at White Sands when
a liquid-fueled engine undergoing static testing exploded with such force that the protec-
tive bunker sustained damage. This explosion killed one worker and injured five others.
This incident convinced designers to consider a solid propellant engine for the sustainer
missile.

Testing continued. October 31, 1956, marked the first successful Nike Hercules
intercept of a drone aircraft. On March 13, 1957, the first flight test using the new solid
propellant sustainer engine was conducted at White Sands.

During the following summer, a test called Operation Snodgrass conducted at Eglin
Air Force Base, Florida, demonstrated the ability of the missile to single out a target
within a formation of aircraft. By this time, the first of several Nike Ajax sites had been
converted to accept the new missile.

Meanwhile, work was well under way to improve acquisition and tracking radar
capabilities that would further exploit the capabilities of the Nike Hercules. The Army
pushed ahead with development of a system dubbed the “Improved Hercules” that incor-
porated three significant improvements. First, the Improved Hercules sites were to
receive the HIPAR L-band acquisition radar to detect high-speed, non-ballistic targets.
The other two improvements included improving the existing Target Tracking Radar
and adding a Target Ranging Radar operating on a wide-ranging frequency band
designed to foil attempts at electronic counter-measures.

The potential of the Improved Hercules was demonstrated on June 3, 1960, when a
Nike Hercules missile scored a direct hit on a Corporal missile in the sky over White
Sands. Beginning in June 1961, Army Air Defense Command (ARADCOM) began phas-
ing in Improved Hercules to selected batteries.
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This photograph of the integrated fire control area at Site LA-04 at Mt. Gleason, California,
shows the different types of radar used by the Nike Hercules missile system. Atop the
pedestal tower and covered by a protective radome was the High Power Radar (HIPAR). It had
arange of approximately 350 miles. Next to it was the multi-frequency Target Ranging Radar
(TRR); the Target Tracking Radar (TTR) that determined the target’s speed, altitude, and
direction; and the Missile Tracking Radar (MTR) that guided the outgoing missile to its target.
Standing alone at the forward edge of the radar area was the T-shaped Low Power Acquisition
Radar (LOPARY). Developed for the Nike Ajax program, it had a range of 150 miles.

Basing Strategy

As previously mentioned, the Nike Hercules was designed to use existing Nike Ajax
facilities. With the greater range of the Nike Hercules allowing for wider area coverage, sev-
eral Nike Ajax batteries could be permanently deactivated. In retrospect, air defense plan-
ners lamented the backfitting of Nike Hercules missiles into existing sites close to areas
that were vulnerable to the new threat of Soviet ICBMs. In addition, sites located further
away from target areas were desirable due to the nuclear warheads carried by the missile.

Fortunately, not all strategic locations faced this situation. In the late 1950s and
early 1960s, surface-to-air missile batteries were placed for the first time around such
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cities as St. Louis and Kansas City and around several Strategic Air Command (SAC)
bomber bases. Unlike the older sites, these batteries were placed in locations that opti-
mized the missiles’ range and minimized the warhead damage. Nike Hercules batteries
at SAC bases and in Hawaii were installed in an outdoor configuration. In Alaska, a
unique above-ground shelter configuration was provided for batteries guarding
Anchorage and Fairbanks.

Local Corps of Engineer Districts supervised the conversion of Nike Ajax batteries
and the construction of new Nike Hercules batteries.

Nike Hercules Deployment

Nike Hercules first entered service on June 30, 1958, at batteries located near New
York, Philadelphia, and Chicago. The missiles remained deployed around strategically
important areas within the continental United States until 1974. The Alaskan sites were
deactivated in 1978 and Florida sites stood down during the following year. Although the
missile left the U.S. inventory, other nations maintained the missiles in their inventories
into the early 1990s and sent their soldiers to the United States to conduct live-fire exer-
cises at Fort Bliss, Texas.

Site Configuration

As previously mentioned, converted sites received new radars and underwent modifi-
cations so the new missiles could be serviced and stored.

Because of the larger size of the Nike Hercules, an underground magazine's capacity
was reduced to eight missiles. Thus, storage racks, launcher rails, and elevators under-
went modification to accept the larger missiles. Two additional features that readily dis-
tinguished newly converted sites were the double fence and the kennels housing dogs
that patrolled the perimeter between the two fences.

New sites, located away from populated areas did not have to be confined in acreage.
Consequently, these batteries were all above ground with missile storage and mainte-
nance facilities located behind earthen berms.

Not all sites received the complete Improved Hercules package. HIPAR radars were
denied to some sites due to geographical constraints and/or to avoid duplication of
radars located at adjacent sites.

References

For details on missile development, see Mary T. Cagle’s History of the Nike Hercules
Weapon System, (Huntsville, AL: U.S. Army Missile Command, 1973). The technical
specifications came from Mark Morgan's Nike Quick Look 11, BOMARC/AF Tuolos, (Fort
Worth TX: AEROMK, 1990) and Bill Gunston’s World Encyclopedia of Rockets and
Missiles, (New York, NY: Crescent Books, 1979).
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The launch area at Site S-61, Vashion Island, Washington. The large building near the entrance
was the administration building and barracks. The building just below the launchers was the
assembly and electronic test building.To the right of it, protected by a distinctive berm, was
the old Nike Ajax fueling area. For the solid-fuel Nike Hercules, the fueling area was replaced
by a warheading building. At the extreme right corner on the launcher area was a kennel that
housed the guard dogs.

A valuable source of information on the Nike Hercules batteries was the Historic
American Engineering Records including “Nike Missile Battery PR-79,” n.d., (HAER No.
RI-37) available at the Library of Congress, Prints and Photographs Division,
Washington, DC; and Roger Hatheway, Stephen Van Wormer, and Allan Schilz of Westec
Services Inc., “Survey and Evaluation of the Nike Missile Site at Fort MacArthur, White
Point Los Angeles County, California” and “Survey and Evaluation of Nike Missile Sites
in the Angeles National Forest, Los Angeles County, California,” Prepared for the Corps
of Engineers, Los Angeles District, February 1987. For information on missile batteries
in Alaska, see Nike Hercules in Alaska, (Anchorage, AK: U.S. Army Corps of Engineers
District, Alaska), n.d.
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Antiballistic Missiles (ABMs):
the Safeguard System

Summary

Deployed briefly in the mid-1970s, the Safeguard antiballistic missile system was
the product of two decades of research, development, and testing. Army antiballistic
missile development began under the Nike Zeus program (1956-1963), and continued
under the Nike X (1963-1967) and Sentinel (1967-1969) programs before culminating
in the Safeguard system (1969-1976). Incorporating incremental improvements in mis-
sile technology, combined with revolutionary advances in phased-array radar and
advanced computers, the Safeguard system was eventually deployed at just a single
site-the Stanley R. Mickelsen Safeguard Complex (SRMSC) near Grand Forks, North
Dakota.

A Sprint missile being lowered into its underground silo.
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A full-scale mockup of a Spartan missile.

Technical Specifications

Antiballistic Missiles (ABMs)

The Safeguard ABM system was composed of three main components: sophisticated
radars, powerful computers, and the sleek, deadly interceptor missiles-the Sprint and

the Spartan.

Spartan

Length: 55 feet

Diameter: 42 inches

Wingspan: 118 inches

Weight: 28,700 pounds

Fuel: Solid propellant

Maximum engagement altitude: 330 miles
Range: Approximately 465 miles
Speed: ‘Mach 10 (7,418 mph)

Guidance: Ground-based radio directed
Warhead: Nuclear, yield 5 megatons
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Maximum engagement altitude: 24 miles
Range: 25 miles
Guidance: Ground-based radio directed

Warhead: Nuclear, low-kiloton range yield

Contractors

Safeguard primary contractor: Western Electric Company
New York, New York

System design: Bell Laboratories
Whippany, New Jersey

Perimeter acquisition radar: General Electric
Syracuse, New York

Missile site radar: Raytheon
Boston, Massachusetts

Data processing system: Bell Laboratories
Whippany, New Jersey
Western Electric
New York, New York

Spartan subcontractor: McDonnell-Douglas
Santa Monica, California

Sprint, subcontractor: Martin Marietta Corporation
Orlando, Florida

Guidance systems: Bell Laboratories
Whippany, New Jersey

System Operation

The Stanley R. Mickelsen Safeguard Complex consisted of four elements: the
Perimeter Acquisition Radar (PAR) complex near Concrete, North Dakota; the Missile
Site Radar (MSR) complex 12 miles south of Langdon, North Dakota; and the four
Remote Sprint Launch (RSL) sites clustered within 20 miles of the MSR. The fourth ele-
ment, the Ballistic Missile Defense Center (BMDC) in Colorado, was the only component
of the SRMSC located outside of North Dakota. The BMDC was the highest echelon of
command and control in the Safeguard system. The BMDC integrated the Safeguard
within the North American Air Defense Command, and allowed the Commander of the
Continental Air Defense Command (CONAD) to exercise operational command of the
Safeguard system.

The defensive Sprint and Spartan missiles were technological marvels. However,
the centerpieces of the Safeguard System were the tracking radars and associate
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computers that rapidly sorted the incoming data and provided instructions to the
interceptor missiles.

The largest of Safeguard’s structures, the Perimeter Acquisition Radar Building
(PARB), consisted of a huge phased-array antenna mounted on a sloped surface facing
due north.

The PAR was capable of identifying and tracking incoming missiles at ranges up to
2,000 miles. Unlike a conventional “moving” radar antenna, the PAR’s “phased-array”
antenna incorporated 6,888 elements, each sending a pulse that would bounce off an
incoming target coming over the North Pole. Through comparison of the reflected sig-
nals received back from the incoming object, trajectories were computed and this infor-
mation was passed to the Missile Site Radar (MSR). To operate the PAR, an Army
Surveillance Battalion of about 400 personnel would be required to man a three-
section watch.

This 1972 photograph show the Perimeter Acquisition Radar (PAR) site at SRMSC under
construction. To the right of unfinished radar building is the power plant. The buildings in the
background include enlisted housing, a dispensary, and a community center.
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The 470-acre MSR site housed the shorter-range missile control radar and nearly
half of the Safeguard system’s defensive Spartan and Sprint. missiles.

Located in a pyramid-shaped building, the site’s phased-array radar had over 20,000
elements distributed equally between its four faces. Using the radar data supplied by
the PAR, the MSR located and tracked incoming missiles, computed intercept trajecto-
ries, and launched and guided the Spartan and Sprint missiles to their targets.
Operating the MSR required a staff of 800 soldiers and civilians.

The Safeguard system’s defensive missiles were divided between five facilities: the
MSR and the four RSLs. Each RSL deployed between 12 and 16 Sprint missiles. The
sites, which were all located withing a 20-mile radius of the MSR, were under the opera-
tional control of that radar facility.

The Spartan, with a range of nearly 500 miles, was designed to intercept the incoming mis-
siles well outside the earth’s atmosphere and destroy them with a multimegaton nuclear warhead.

An aerial view of the Missile Site Radar. In the foreground are the Sprint and Spartan launch
areas. Looming over them is the two-tiered Missile Site Control Building.
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The Remote Sprint Launch Site #2 under construction in the fall of 1972. The tops of the Sprint
Launchers are visible in the center of the picture. The building taking shape at the right was the
Remote Launch Operations Building.

Anticipating that some incoming warheads could slip by the Spartan interceptions
and enter the atmosphere over North America, a “layered-defense” provided for a last-
ditch defense in the form of the Sprint missile. Built by Martin Marietta, the Sprint was
designed to operate at hypersonic speeds within the earth’'s atmosphere. Sprint's skin
could sustain heat greater than that produced by its own rocket motor. Like Spartan,
the two-stage Sprint carried a nuclear warhead.

Developmental  History

The antecedent of the Safeguard program can be traced back to March 1955 when
the Army contracted with Bell Laboratories to conduct an U-month “Nike I1” study
aimed at projecting defensive missiles and supporting infrastructure requirements for
the 1960s. With intelligence reporting an imminent Soviet ICBM capability, the Bell
study focused on this problem and initially concluded that developing “long-range, high-
data-rate acquisition radar” would be crucial. At this time, Bell also demonstrated, using
analog computer simulation, that intercepting a target flying through space at 24,000
feet per second was feasible.
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The results of the study were presented in October 1956 and 4 months later, the
Army awarded Western Electric/Bell Laboratories the development contract for “Nike
Zeus.” Western Electric/Bell subcontracted the missile work to McDonnell-Douglas.
Testing of the prototype missile began at White Sands in 1959; however; limited range
considerations forced the program to use facilities at the Naval Test Range at Point
Mugu, California.

As the missile work proceeded, Western Electric/Bell forged ahead on radar and sup-
porting systems development. The process reached a point that a site needed to be
selected for prototype system installation where actual ICBMs could be tracked and
engaged. Already a prototype Zeus Target Track Radar (TTR) had been placed on
Ascension lIsland downrange of Cape Canaveral. However, sensitive political considera-
tions ruled out expanding Zeus facilities at Ascension or other islands off the west coast
of Africa that were not owned by the United States. This forced planners to focus on
Kwajalein in the Pacific, which already hosted a U.S. naval base. More importantly, this
atoll in the Marshall Islands lay 4,800 miles downrange of Vandenberg AFB, then
undergoing construction as an ICBM launch site.

As with many development programs, Nike Zeus encountered its share of cata-
strophic failures. Testing at White Sands proved invaluable as pieces of missiles could be
recovered to determine causes for failure. Changes to the control fins corrected one of
the initial problems. Meanwhile on March 29, 1961, the TTR at Ascension failed in its
first attempt at tracking a Titan ICBM. Two months later, the radar recorded its first
tracking success.

In addition to missile testing at White Sands, a prototype Zeus Acquisition Radar
(ZAR) and another TTR were constructed and placed into operation. On December 14,

1961, these radars tracked and successfully engaged a Nike Hercules target missile with
a Nike Zeus interceptor.

As the results of this demonstration were analyzed, facilities were readied at
Kwajalein for the first attempt to intercept an ICBM in flight. This first attempt, on
June 26, 1961, failed due to the TTR'’s inability to pickup the re-entry vehicle after the
ICBM’s propulsion section broke up. The intercepting Zeus missile also suffered a mal-
function.

A partially successful intercept occurred on July 19, 1962, as a Zeus missile came
within 2 kilometers of an incoming Atlas D ICBM. On December 12, 1962, a Zeus mis-
sile passed well within the kill radius of an incoming ICBM. On May 24, 1963, a Nike
Zeus came within lethal range of an orbiting satellite. Tests continued through
November 1963, showing consistent success.

Despite these successes, Defense Secretary McNamara chose not to deploy the sys-
tem, but budgeted for continued research and development. McNamara’s concern was
that the system still lacked the sophistication to discern between real and decoy war-
heads a.nd could be overwhelmed in a “saturation attack” since the radars could only
manage one interception problem at a time.
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The continued research and development program for a more advanced ABM pro-
gram was dubbed “Nike X.” Under the Nike X program, the Zeus missile evolved into
the Spartan. In addition, planners identified the need for a short-range interceptor mis-
sile as well as the requirement for a radar that could track and direct the engagement of
several targets simultaneously. The short-range interceptor became reality in the form of
the Sprint. On March 18, 1963, Martin Marietta received the contract to develop this
new missile. In 1965, the first Sprint prototype was launched at White Sands. The
needed radar was already under development through a DoD Advanced Research Project
Agency program called “Project Defender.” Under this program, a low-power, phased-
array antenna was completed in the fall of 1960 and tests showed that this nonmoving
antenna, using computers, could electronically steer a radar beam in two directions. In
June 1961, the Army Guided Missile Agency granted Western Electric/Bell Laboratories
a contract to develop a prototype phased-array radar to be built at White Sands.
Ground-breaking occurred at White Sands in March 1963.

With advances in solid-state electronics and high-speed computers, the “Zeus
Multifunctional Array Radar” demonstrated the use of phased-array radars as part of an
ABM defense as a breakthrough possibility, Already, Bell was studying the development
of an even more powerful phased-array radar for long range tracking. This second
Multifunctional Array Radar would evolve into the Perimeter Array Radar that eventu-
ally was deployed in North Dakota.

Meanwhile a smaller phased-array radar, designed to track incoming targets at close
range and guide intercepting missiles, was proposed. In December 1963, the Raytheon
Company received the contract to work with Bell Laboratories’ people to design and
build the “Missile Site Radar” (MSR).

In September 196’7, Secretary of Defense Robert McNamara announced plans to
deploy many elements of the Nike X program-the Perimeter Acquisition Radar (PAR),
the Missile Site Radar (MSR), and the Sprint and Spartan missiles-in the new Sentinel
antiballistic missile program. The initial deployment plan called for installing the
Sentinel at 13 sites in the continental United States and Alaska and Hawaii.

The plan aroused a firestorm of protest in the major cities slated to receive Sentinel

installations. Not only was the Sentinel unpopular at home, but President Nixon and his
National Security Advisor Henry Kissinger were also concerned that the deployment of

the Sentinel system could escalate the arms race with the Soviet Union.

In March 1969, Nixon announced his intention to deploy a “modified Sentinel sys-
tem” that he called Safeguard. Whereas the Sentinel system was intended to provide a
limited nationwide ballistic missile defense, the President ordered that the Safeguard
system be positioned to protect a portion of the United States ICBM force.

The Safeguard program initially called for 12 sites. Despite moving the installations
away from the nation’s major cities, the program still faced rigorous Congressional
scrutiny. In August 1969, the Senate authorized the construction of only two sites; one
near Malmstrom, Montana, and the other near Grand Forks, North Dakota. Only the
site near Grand Forks was ever completed.
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As the debate to deploy Sentinel and Safeguard continued, construction of the proto-
type missile facilities continued at Kwajalein. Completion of launch tubes allowed the
first Spartan to be fired from Kwajalein on March 2, 1968. The MSR built on Meck
Island completed its first successful track of an ICBM on December 11, 1969. On August
28, 1970, an MSR-controlled Spartan missile successfully intercepted an incoming
ICBM. Four months later, this feat was repeated with an MSR-controlled Sprint missile.

Basing Strategy

The placement of facilities for what became known as the Sentinel system
announced by Defense Secretary McNamara was never fully revealed to the general
public. However, the deployment plan, titled “Nike X DEMOD 1-67,” would have placed
15 systems within the continental United States and a system each in Alaska and
Hawaii. Continental sites slated to receive Sentinel installations included Boston; New
York; Washington DC; Albany, Georgia; Detroit; Chicago; Dallas; Salt Lake; Seattle; San
Francisco; Los Angeles; and Whiteman, Grand Forks, Malmstrom, and Warren Air Force
Bases.

Construction of the first site at Sharpner’'s Pond near Boston began in late 1968.
However, in that era of antiwar protest, opponents of ABM packed an Army community-
relations meeting in late January 1969. The appearance of an adverse public reaction
led Senator Edward Kennedy to write a letter to Defense Secretary Laird questioning
the viability of the system. This act touched off a heated Senate debate and led to a
Presidential review of the Sentinel deployment scheme. On March 14, President Nixon
announced the deployment of a “modified Sentinel.” Later that day Deputy Defense
Secretary David Packard detailed the new deployment scheme to cover 12 sites. With
the exception of Washington DC, the new Safeguard sites were to be located away from
population centers. Instead of Boston, Detroit, Seattle, San Francisco, and Dallas, sites
were to be placed in southern New England, the Michigan/Ohio area, the Northwest,
central California, Southern California, and Texas. The four previously designated SAC
missile Ibases, as well as southern Georgia, would still receive ABM defenses. New York,
Chicago, Salt Lake, Hawaii, and Alaska lost out in the new scheme.

System Deployment

Phase | of ABM deployment called for immediate construction at sites near Grand
Forks and Malmstrom Air Force Bases. Labor problems set back Malmstrom construc-

tion and made the base vulnerable as a bargaining chip for talks designed to limit ABM
defenses. As a result of the 1972 ABM Treaty, the United States would be allowed to

deploy one site away from the national command center (Washington DC) and that site
would defend Grand Forks. Completed in 1974, that site was deactivated 2 years later.

Site Configuration

Discounting prototype facilities, the Grand Forks facility became the only location in
America ever to host an ABM defense system. Unlike proposed ABM sites in Massachusetts
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and Montana where only traces remain of once massive construction efforts, much
remains intact in North Dakota.

Aside from the Egyptian pyramids, the Safeguard PAR may be the most solidly con-
structed building in the world. The structure is truly one-of-a-kind as, unlike the MSR, no
prototype PAR had been built. The building is 204 by 213 feet at the base and rises to
over 120 feet. The structure’s northern-faced antenna wall slopes away from the ground
at a 25 degree angle. This antenna face wall consists of a dense reinforced concrete mesh
7 feet thick. The three other walls are also dense reinforced concrete and have a base of 8
feet, tapering to 3 feet at the top. The reinforcing bars, installed vertically, horizontally,
and diagonally, are No. 11 gauge; each bar is approximately as thick as a man’s wrist.

The structure required 63,000 cubic yards of concrete and 8,700 tons of reinforcing steel.

The interior of this completely above-ground structure includes five full floors with a
mezzanine located between the second and third floors. Entrance to the building requires
passing through two blast locks or through a tunnel leading from the power plant.

The adjacent power plant was housed in a partially buried hardened concrete struc-
ture covered with earth for addition blast protection. Inside the plant, five 16-cylinder
diesel engines could combine to produce 14.7 megawatts of power. Provisions for emer-

A cutaway drawing of the massive Perimeter Acquisition Radar Building. At the time of its
completion in August 1972 it was the largest radar facility in the world and the second tallest
structure in North Dakota.
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gency operations of the plant included storage for fuel supplies and a recirculating water
cooling system featuring an underground storage cavern as a heat sink.

Located some 25 miles from the PAR facility, the Missile Site Radar facility consisted
of the Missile Site Control Building (MSCB) and collocated Spartan and Sprint missile
launch areas. The MSCB, which housed the radar, had above-ground and below-ground
sections. Above ground was a four-sided truncated pyramid; each side had a 30-foot
diameter antenna mounted integrally into the 3-foot thick reinforced concrete walls.
Each antenna weighed nearly 400 tons and placing the units entailed overcoming
unique engineering problems.

Below the pyramid stood a two-story 231- by 231-foot structure housing the radar
transmitting and receiving components, phase shifters, switching gear, and other neces-
sary subsystems. As with the PAR, the MSCB also had an adjoining underground power
plant. With six diesel generators, this plant could produce up to 17.3 megawatts of power.

As part of the Missile Site Radar facility, prefabricated launch canisters for Spartan and
Sprint launches stood ready to launch the defensive missiles. Sprint launchers were also
placed at four remote site locations located to the east, west, north, and south of the MSCB.

With manpower requirements at both sites consuming over 1,000 personnel, support
and housing facilities were built adjoining the structures.
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Spread over 279 acres, the PAR Site was a self-sufficient community.

195



s ? J Azcess Platform »
430" F \
Equipment Platform
Fourth Floor
233 3o
‘Thirdﬂnor M
[ Mechenicatgnd, | L [ L. ... K DR I S e g -1,
LBecpricat, . L L L] L. .o Mictowave | ez * |8 * + MSR Electronics - é - - ERC . & E - - 2 %»
Second Flor . EpupmentRoom , L L. . . . . . . mogm* ...5....;;‘,”..‘8..;400,,. 3§§ S 1§
e M OSSN Al SNROI £ 1 1
e S L Roam. 7 Y B e T T
....... Cornidar | . . Machanicat and, "
....... ’ é . Antenng Godlfing . {. . . ?c;:rﬁca‘:and“nileu‘ rtcat .
....... SE (EqupmentABE .. . ¢ . w4 4 e e o4 .
/s
Eirst Flaor " ]
Telephone /
Closet
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of usable floor area. It contained two subterranean main floors and two above-ground turret
floors that housed the radars and communication equipment.
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BOMARC (IM-99A,B)

Summary

The BOMARC program had its impetus in the immediate post-war era as the ser-
vices sought to define their missions within the new political environment. The newly
formed Air Force received responsibility for continental air defense. Using lessons
learned from the German air defenses employed during the recently concluded war,
defense planners laid out a defense strategy that used fighter interceptors against
incoming attack bombers at the frontiers and Army antiaircraft batteries near the target
for point defense.

Air Force planners saw a gap between the long-range fighter and point-defense sys-
tems that called for an “area-defense weapon.” Integrated into the Semi-Automatic
Ground Environment (SAGE) system, BOMARC A and the follow-on B model would
serve as the needed area defense weapon. The Air Force phased the BOMARC A system
out of operation during 1964 while the BOMARC B system stood guard until 1972. After
retirement, many of the missiles saw service as target drones. The last attempted
launch of a BOMARC target drone occurred at Eglin AFB, Florida, on August 29, 1985.

This November 1958 photograph
shows a BOMARC test flight takinig off
from Cape Canaveral, Florida.
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This engineering drawing shows the various profiles of the BOMARC IM-99A interceptor
missile. The later IM-99B used solid instead of liquid-fuel boosters.

Technical Specifications

Length: (A) 45.25 feet; (B) 43.75 feet
Diameter: 35 inches

Wingspan: 18 feet 2 inches

Weight: (A) 15,000 pounds; (B) 16,000 pounds

Booster fuel/oxidizer: (A) JP-4 and Unsymmetrical Dimethyl Hydrazine
(UDH)Inhibited Red Fuming Nitric Acid (IRFNA)
(B) solid fuel

Missile fuel: (A) 80 octane gasoline; (B) solid propellant
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Range: (A) 230 miles
(B) 440 miles

Top speed: Nearly Mach 4 (2,967 mph)
Cruise altitude: 60,000 - 70,000 feet; could climb above 80,000 feet

Propulsion: Booster (A) gimbaled rocket motor
{B) M51 solid booster

Main (A) Two Marquardt RJ43-3 ramjets
(B) Two Marquardt RJ43-7 ramjets

Guidance: Ground radio directed until terminal phase
Terminal phase (A) DPN-34 radar
(B) DPN-53 pulse-doppler radar

Warhead: Conventional: 300-pound high explosive (later expanding rod)
Nuclear: W-40 (yield 7-10 kilotons)

Contractors
Airframe: Boeing Pilotless Aircraft Division, Seattle, Washington

Propulsion: Booster (A) Aerojet General Corporation
Azusa, California
(B) Thiokol Chemical Corporation
Ogden, Utah

Main (A,B) Marquardt Aircraft Company
Van Nuys, California

Guidance: Westinghouse Electric Corporation
Baltimore, Maryland

System Operation

The BOMARC system was designed to be integrated into the Air Defense Command
(ADC) SAGE command system. Once a SAGE command center designated a target, a
BOMARC could be in the air within 2 minutes of the launch order. (Later this lag time
was reduced to 30 seconds.) Before launching, the missile’s guidance system received
preset commands for its initial flight. Launched vertically, BOMARC quickly rose to
cruise altitude and received guidance from the SAGE center tracking the target.
Receiving the target information from ADC’s air search radar network, the SAGE cen-
ter's AN/FSQ-7 system used this data to calculate the intercept geometry and command
instructions that were subsequently transmitted to the missile from a ground-to-air
transmitter site. Signals from the ground adjusted the missile’s flight path, directed the
missile when to climb or dive toward the target, and activated BOMARC’s homing radar.
This last event usually occurred when the missile was 10 miles from its intended target.
Because both A and B models used information from their own radars to compute the
final intercept solution, BOMARC marked the introduction of the worlds first active
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homing surface-to-air missile (SAM) system. The B version carried a Westinghouse
DPN-53 radar, which marked the first use of a production pulse-doppler system, which
gave the missile a capability to seek out low-altitude targets.

In addition to having advanced homing radar, the B version also had greater range
because the liquid-fueled booster was replaced with a solid-fuel booster. This more compact
solid-fuel booster left more room for additional liquid-fuel storage capacity. Once expended,
the BOMARC B jettisoned the solid booster, which helped extend the missile’s range. The
solid booster also allowed for safer maintenance on the ground. (See McGuire AFB, New
Jersey, in the site section for an accident description involving a BOMARC IM-99A.)

Using a proximity fuse, the missile had both nuclear and conventional warhead
capability. For the conventional high-explosive warhead, a detonation within 70 feet of
the target was considered a Kkill.

Developmental History

In January 1946, the Boeing Aircraft Company won Army Air Force approval to con-
struct and test a ground-to-air pilotless aircraft (GAPA). Initial design work on the inter-
ceptor missile concept had been ongoing during the last 2 years of the war. This effort
paid off with the first launch of a GAPA on June 13, 1946, from an area now located just
outside Hill AFB, Utah. Nicknamed “Gapa Village,” the Boeing launch site witnessed 38
GAPA launchings in a 2-week span that ended with a July 1 shot. The program then
moved to Holloman AFB, New Mexico, with additional evaluation conducted on 73
launches completed between July 24, 1947, and May 9, 1950. The lessons learned from
the project provided a wealth of technical data that would be used by Boeing engineers
when that company received the contract for the IM-99 in 1949. Two months after
Boeing received the IM-99 contract, an announcement was made that the University of
Michigan’s Aeronautical Research Center would participate in early studies of the mis-
sile program. From this combined effort came the BOMARC name representing Boeing
and the Michigan Aeronautical Research Center.

On September 10, 1952, a contractor-led team launched the first XF-99 propulsion test
vehicle from the Air Force Missile Test Center (AFMTC) at Patrick AFB, Florida.
Unfortunately, this first test was a failure. The second test failed when the rocket booster cut
out immediately after ignition. The third flight, on June 10, 1953, ended with the missile
self-destructing down range. A test on August 5, 1954, ended when a wing fell off in flight.

At this point, the Air Force came under pressure to field a viable missile system or
lose the program because of the Army’s deployment of the Nike System and the
increased threat due to the Soviet detonation of the hydrogen bomb. In February 1955,
the first IM-99A using both booster and main propulsion systems successfully completed
a run down the Eastern Test Range to simulate an interception of a TM-61 Matador mis-
sile. Still, by the middle of 1956, the contractor-led team had launched only eight propul-
sion test vehicles, nine ramjet test vehicles, and five guidance test vehicles-a rather
slow pace in comparison to other programs.
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In 1957 and 1958, the testing pace picked up. On October 2, 1957, an operator
pushed a button at an IBM test facility in Kingston, New York, and an IM-99A lifted off
from Patrick AFB, Florida, and passed within lethal distance of an NAVAHO X-10 drone
flying at a speed of Mach 1.6 at a height of 48,000 feet. Later that month, a BOMARC
recorded a successful hit on a drone.

With full-scale production of BOMARC having commenced in 1957, the Air
Research and Development Command (ARDC) announced in September 1958, that
additional operational testing and evaluation had been moved to Hurlbert Field
located across from Santa Rosa Island along the West Florida Gulf Coast. Site con-
struction at this portion of Eglin AFB had begun in March 1957, and by 1958, the field
hosted missile ground-testing and personnel training. Meanwhile, missile launchers
were constructed on Santa Rosa Island so BOMARC missiles could be launched into
what would become designated as the Eglin Gulf Test Range. Between 1958 and 1960,
the A model underwent continual testing at this site, flying against QF-80, QB-47, and
KD2U (Regulus II) drones. In the early 1960s, testing continued with the TM-99B
model with the first service test of the missile being conducted on April 13, 1960. In
the following months, tests using A and B models continued to examine the capabili-
ties of the weapon system. On March 3, 1961, an IM-99B made its first full-range
flight over the Gulf to intercept a
simulated target at a distance of
400 miles at a height of over
80,000 feet.

In February 1958, the ADC
activated the 4751st Air Defense
Missile Wing at Hurlbert Field to
perform missile testing, evaluation,
and training for BOMARC
squadrons before and after deploy-
ment. Reduced to squadron status
in 1962, the 4751st remained active
at Hurlbert until 1979. Before
reporting to Hurlbert, prospective
crewmembers received technical
training on the system at Chanute
AFB, lllinois.

With the first production model
coming off the assembly line in
Seattle on December 30, 1957,
Boeing's Pilotless Aircraft Division
delivered 366 TM-99A missiles and
349 IM-99B missiles.

These BOMARC missiles are shown at the end of the In 1962, the IM-99A was redes-
production line at Boeing’s Missile Production Center ignated the CIM-10A and the M-
in Seattle, Washington. 99B became the CIM-10B. The
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Ogden Air Logistic Center, Utah, handled program management and logistical support
for the BOMARC system.

Basing Strategy

Back in 1952, ADC drafted its first deployment plan for the BOMARC system pro-
jecting 52 BOMARC Air Defense Missile Squadrons (ADMS). Later, ADC cut the number
of planned BOMARC sites to 40 (with each site deploying 120 missiles) to accommodate
the deployment of 53 Navy Talos missile squadrons. The shorter range Talos received
serious consideration from ADC planners for complementing the BOMABC system. In
November 1956, the Talos scheme was transferred to the Army, after Secretary of
Defense Charles Wilson reaffirmed the Army’s responsibility for point missile defense.

By this time, ADC had already been informed by Air Force Headquarters that deploy-
ing 120 missiles to each of the 40 launch sites would be too costly. ADC countered by recom-
mending a reduction to 60 missiles per site. In January 1957, the Continental Air Defense
Command (CONAD) backed the ADC recommendation. However, over the next 2 years, Air
Force Headquarters would whittle down the number of planned deployment sites to 29.

Congressional debate in 1959 over the viability of the Nike versus the BOMARC sys-
tem as defense against Soviet ICBMs resulted in the House cutting funds for the
BOMARC and the Senate cutting funds for the Nike program. With both services facing
disaster, cooperation ensued and the services presented Congress a compromise Master Air
Defense Plan that reduced the number of BOMARC sites to 18 (including 2 in Canada).

On March 23, 1960, Headquarters, Air Force announced that BOMARC deployment

would, in effect, cease after the completion of eight United States sites and two
Canadian sites.

BOMARC Deployment

Unit Base Model Operational
46th ADMS McGuire AFB, NJ AB 1959-1972
6th ADMS Suffolk County AFB, NY A 1959-1964
26th ADMS Otis AFB, MA AB 1960-1972
30th ADMS Dow AFB, ME A 1960-1964
22nd ADMS Langley AFB, VA AB 1960-1972
35th ADMS Niagara Falls AFB, NY B 1961-1969
37th ADMS Kincheloe AFB, Ml B 1961-1972
74th ADMS Duluth, MN B 1960-1972

203



Air Defense Missiles

KSNCHELOE—-——]
” LA MACAZA
DULUIH t i
pow
0TI
SUFFOLK
McGUIRE
LANGLEY

A map showing the locations of BOMARC operational bases in North America. The facilities at
North Bay, Ontario, and La Macaza, Quebec, were operated by the Royal Canadian Air Force.

In 1959, the Canadian Government acquired the IM-99B model for the Royal
Canadian Air Force. The missiles were eventually deployed from 1962 to 1972 at bases
located at North Bay, Ontario, and La Macaza, Quebec.

Site Configuration

Because of BOMARC s long range, the missile installations could be located away
from the targets they were designated to defend.

The design of the missile shelters evolved under the Air Force Directorate of Civil
Engineering and the Army Corps of Engineers. Lessons learned from construction and
use of launching shelters at Cape Canaveral and Santa Rosa Island, Eglin AFB, were
incorporated into the design of the first tactical base. The Cape Canaveral structure
was a heavy 73- by 42-foot structure supported by 12-inch reinforced concrete walls.
The shelter spread open like a clamshell standing on one end. The missile, lying hori-
zontally facing the hinged end of the building, would be raised vertically on its erector
and fired, with the thrust being deflected out the opened end of the structure. A similar
structure that received much use was built at Santa Rosa; however, the Air Force opted
for another design that was tested at Eglin. This design, called “Model I1,” was reduced
in size but maintained the 12-inch reinforced concrete walls. From a distance, the
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above-ground adjoining launcher shelters appeared as rows of garages. Within each
“garage bay,” a BOMARC missile sat horizontally on an erector arm. To launch,
hydraulic pressure was used to split open the roof like a drawbridge; the erector arm
then raised the BOMARC to a vertical position. The arm then retracted and the missile
was fired.

Although the process sounds simple, it was quite complex because each leaf of the
roof structure was 60 feet long, 12 feet wide, and weighed 10 tons. The mechanical and
electrical equipment for the Model Il shelter was placed in a side room with 8-inch thick
masonry walls.

Model 11 shelters were built by contractors under Corps of Engineers supervision at
McGuire, Suffolk, Otis, and Dow Air Force Bases. Constant design modifications meant
slight differences at each location. For example, the heat and power plant capacities
were reduced at Otis and Dow and cut even further for the BOMARC B shelters. While

o

This time-lapse photograph shows a BOMARC in a Model Il shelter being raised to the firing
position.
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A diagram of a BOMARC Model Il shelter.

the McGuire and Suffolk sites featured buried high- and low-pressure air, helium, and
utility lines to each shelter, the next three BOMARC A sites at Otis, Dow, and Langley
AFB, Virginia, installed “utilidors.” Utilidors are covered concrete trenches easily acces-
sible by pulling away concrete slabs laid across the top. McGuire and Suffolk each
hosted 56 launchers, averaging $13 million while Otis and Dow, hosting only 28 launch-

ers, averaging $7.5 million.
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An aerial view of the BOMARC launch complex at McGuire AFB, New Jersey. The 56 garage-like
missile shelters are clustered at the right. The buildings at left house the missile assembly and

maintenance buildings and propellant storage tanks.
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A diagram of the BOMARC launch complex at McGuire AFB.
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As improvements in missile design led to the BOMARC B, the same can be said of
shelter design. With the goal of reducing construction costs, a Model 111 shelter featuring
a pitched roof that slid down in two sections from the center was erected and evaluated
at Eglin. Concurrently, a Model IV prototype was erected in Seattle. This design was
adopted for Langley, Niagara Falls, Kincheloe, and Duluth.

A major cost-saving feature of the Model IV placed the mechanical and electrical
equipment in a pit beneath the launcher erector. In addition, an aluminum roof parted
down the middle and slid back to expose the missile. This roof feature allowed engineers
to dispense with the hydraulic draw-bridge roof design of Model Il. Along with a light
roof, Model 1V incorporated thinner precast concrete walls. Because of the thinner walls,
the BOMARC B shelters were spaced further apart to prevent a chain-reaction should
an accident occur within one of the shelters.

Langley AFB was the first site to receive these new shelters even though Langley
deployed the BOMARC A for a year before switching to the new missile. Thus, Langley can
be considered a BOMARC base in transition. Because the BOMARC B was solid-fuel pro-
pelled, there was no requirement at Niagara Falls, Kincheloe, or Duluth for fueling facili-
ties, stainless steel pipe, helium and high pressure lines, or utilidors. With the BOMARC B
having an internal cooling system, additional savings were gained by eliminating air condi-
tioning for the Model IV shelters built at Niagara Falls, Kincheloe, and Duluth. The savings
were substantial although the construction cost was between $3 and $4 million at each base.

Later, IM-99B missiles were backfitted to McGuire and Otis Air Force Bases. Rather
than reconfigure the Model Il shelters, which were expensive to maintain, Model IV
shelters were erected on adjacent property to house the new missiles.
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Atlas (SM-65)

Summary

First deployed in September 1959, the Atlas (SM-65), was the nation's first opera-
tional intercontinental ballistic missile (ICBM). The missiles, however, saw only brief
service and the last squadron was taken off operational alert in 1965. Despite its rela-
tively short life span, Atlas served as the proving ground for many new missile technolo-
gies. Perhaps more importantly, its development spawned the organization, policies, and
procedures that paved the way for all of the later ICBM programs.

In an October 1960 test flight, this Atlas D lifts-off
from Cape Canaveral, Florida.
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A cutaway drawing of an Atlas D ICBM. The later Atlas E and F Series missiles used the same
airframe, adding more powerful engines and an all-inertial guidance system.

Technical Specifications
Length: 82.5 feet

Diameter: 10 feet

Weight: 267,136 pounds (fueled)
18,104 pounds (empty)

Fuel: Rocket grade RP-1 (Kerosene)
Oxidizer: Liquid oxygen
Range: Between 6,400 and 9,000 miles

Propulsion: The Atlas propulsion system included three types of engines: two large
booster engines, a sustainer engine, and two small vernier engines.

Primary booster: Atlas A, B, and C: two MA-1 engines generating a combined 357,400
pounds of thrust.
Atlas D, two MA-2 engines generating 363,000 pounds of thrust.
Atlas E and F, two MA-3 engines generating 389,000 pounds of thrust.

Sustainer: A single engine generating 57,000 pounds of thrust
Vernier: Two engines each generating 2,000 pounds of thrust

Guidance: Atlas A, B, C, and D models: Radio-inertial
Atlas E and F models: All-inertial

Accuracy: 2 nautical miles

Reentry vehicles: Atlas B and C models: Mark 2-heat Sink
Atlas D model: Mark 3-ablative
Atlas E and F models: Mark 4—ablative

Warhead: Atlas D-W49, 1.44 megaton yield
Atlas E, F series-W38, 4 megaton yield
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Contractors
Airframe: Convair (later a division of General Dynamics Corp.), San Diego, California
Propulsion: Rocketdyne Division, North American Aviation, Canoga Park, California

Guidance: Radio-inertial (Atlas A, B, C, and D models): The radar was built by General
Electric in Syracuse, New York, and the computer by Burroughs in Paoli,
Pennsylvania
All-inertial (Atlas E and F models): American Bosch Arma, Garden City,
New York

Reentry Vehicles: Mark 2 and 3: General Electric Corporation, Philadelphia,
Pennsylvania
Mark 4: AVCO, Wilmington, Massachusetts

Technical Notes

The Air Force built six variations of the Atlas missile. The Atlas A, B, and C models
were used exclusively for flight testing. The later Atlas D (PGM-16D/CGM-16D), the
Atlas E (CGM-16E), and Atlas F (HGM-16F) models all saw service in the field.

The Atlas incorporated two novel features. The first was its “stage-and-a-half
propulsion system consisting of two large booster engines flanking a smaller sustainer
engine. Unlike the later ICBMs in which the first, second, and third stages fired in
sequence, all of the Atlas engines were ignited at liftoff.

Another interesting feature was the pressurized integral fuel tanks. The Convair
designers adopted this technique to save weight. The huge tanks, which constituted 80
percent of the missile’s mass, were built from thin sheets of stainless steel, ranging
between 0.1 and 0.4 inches thick. When empty, the tanks were filled with nitrogen gas
at 5 psi to maintain a positive internal pressure.

System Operation

During the launch sequence, the two boosters and the sustainer engine were ignited
on the ground and the two small vernier engines mounted above the sustainer came to
life 2.5 seconds after lift-off. After leaving the launch pad, the missile accelerated
rapidly, gradually nosing over in a gentle arc toward the target. Once in flight, the
booster engines burned for 140 seconds. After receiving a staging signal from the ground
station, the booster engines and turbo-pumps were jettisoned into space. The sustainer
engine continued to burn for another 130 seconds, and then it too fell silent. Final
course and velocity corrections were made by the vernier engines. At the apogee of its
elliptical flight path the missile reached an altitude of 763 miles and a speed of approxi-
mately 16,000 miles per hour. Elapsed time for a flight of 6,788 miles: 43 minutes.

During powered flight, the Atlas A, B, C, and D models were guided by a General
Electric/Burroughs radio-inertial guidance system that received course corrections from
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The flight profile of a typical Atlas mission. Note that the missile is powered during only the
initial third of the flight.

ground-based computers. The Atlas E and F models used the American Bosch Arma all-
inertial guidance system. The all-inertial system was capable of detecting deviations from
the preprogrammed flight path and formulating midcourse corrections independently.

Developmental History

The Atlas traces its lineage to 1945 when the Army Air Forces (AAF) first expressed
interest in developing a “strategic” missile with a range of 5,750 miles. The Consolidated
Vultee Aircraft Corporation, commonly referred to as Convair, submitted a proposal to
study the matter and in April 1946 the AAF awarded it the MX-774 project to evaluate
long-range air-breathing and ballistic missiles.

Within a year budget cutbacks forced the AAF to cancel the air-breathing portion of
the study, freeing Convair to concentrate on the ballistic missile. Convair’s initial ICBM
design was based on the proven V-Z airframe, but incorporated three major modifica-
tions: pressurized, integral fuel tanks to reduce weight; gimbaled engines to improve
directional stability; and a separable warhead to simplify reentry.
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In June 1947, further budget reductions led the AAF to cancel the remainder of the
MX-774 program. Since Convair's work was well under way, the Air Force (it became a
separate service in September 1947) allowed the company to use its remaining funding
to build three small missiles to test the feasibility of the swiveling motors, guidance sys-
tem, and the separable warhead. The tests, conducted in late 1948 and early 1949 at the
White Sands Proving Grounds in New Mexico, were encouraging, The missiles, called
the Hiroc (for high altitude rocket) or RTV-A-2s, confirmed the practicality of Convair's
innovations. The results, however, were not enough to dissuade the Air Force from can-
celing the project, and without a government sponsor, the future of the ICBM appeared
dim. At the last moment Convair decided to support the program itself, and over the
next 2 years invested $3 million in it.

The Air Force renewed its support for the ICBM program in January 1951, an action
prompted by the enthusiastic endorsement of the Rand Corporation and a substantial
increase in research and development (R&D) funding brought on by the Korean War.
The Air Force designated the new effort the MX-1593 project and directed Convair to
evaluate air-breathing and ballistic missiles capable of carrying an 8,000-pound war-
head 5,750 miles and striking within a circular error probable (CEP) of 1,500 feet. (A
measurement of accuracy, the CEP is the radius of a circle within which half of the ord-
nance targeted for the center of the circle can be expected to land.)

Convair completed the missile study in July 1951, and once again the airframe man-
ufacturer reaffirmed its support for ICBM. The design it submitted for the ICBM, which
it now called Atlas, called for a mammoth weapon 160 feet tall, 12 feet in diameter, and
powered by 5 or 7 large engines.

In September 1951 the Air Research and Development Command (ARDC) urged that
Headquarters, USAF (often referred to as the Air Staff) immediately begin full-scale
development of the ICBM. ARDC estimated that with the “proper application of funds
and priorities” Atlas could be operational by 1960. The Air Staff demurred. It did not
share ARDC’s enthusiasm; instead it advocated a more cautious approach. It wanted to
develop the major subsystems such as the engines, fuselage, guidance system, and reen-
try vehicle first, and then build the test vehicle.

New technology soon changed the nature of the debate. In 1952 ARDC learned that
forthcoming improvements in nuclear weaponry would soon reduce the weight of the
missile’s warhead from 7,000 to 3,000 pounds without reducing the yield. At the same
time the United States was also making major strides in developing powerful new rocket
engines and precision guidance systems.

In the fall of 1952 those new technologies, coupled with the Army and Navy’s
attempts to wrest control of the ICBM program away from the Air Force, forced the Air
Staff to act. At its request ARDC formulated a list of military characteristics for a
“Strategic Ballistic Rocket System” capable of carrying a 3,000-pound atomic warhead
6,325 miles to within 1,500 feet of its target. ARDC estimated that if Atlas was accorded
a 1-A development priority it would be operational by 1962.
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The Air Staff refused to accord the missile program with the priority ARDC sought,
and as a compromise, in February 1953 ARDC proposed a three-tier test plan using test
vehicles powered by one, three, and five engines with the last missile serving as an oper-
ational prototype. ARDC estimated that the revised R&D program would take approxi-
mately 10 years and cost $378 million.

The Air Staff approved the revised plan in October and issued ARDC a development
directive to begin work. The directive, however, lacked the vigor that ARDC sought. It
estimated that the R&D phase would not be completed until sometime after 1964 and
also assigned Atlas a 1-B development priority.

ARDC designated the Atlas program Weapon System (WS)-107A. Although scaled
down from earlier designs, the missile remained an ambitious undertaking. It was 110
feet high, 12 feet in diameter, and when fully loaded, weighed 440,000 pounds.
Propulsion was to come from five engines: four first-stage engines clustered around a
single sustainer engine.

At the Air Staff's insistence the Atlas program would have continued down its slow and
conservative path had it not been for the February 1954 Teapot Committee report. Chaired
by the renowned mathematician John von Neumann, the committee recommended a “radi-
cal reorganization” of the entire Atlas program. The committee estimated that if the gov-
ernment followed all of its recommendations, Atlas could be operational in 6 to 8 years.

The Air Force accepted the Teapot Committee recommendations, and on May 14,
1954, it accelerated the Atlas program to the “maximum extent that technology would
permit.” It accorded Atlas a 1-A top priority status, and of equal importance, directed
that it be given priority over all other Air Force programs.

During the spring and fall of 1954 the Air Force and the two most important con-
tractors, Ramo-Wooldridge Corporation (systems engineering and technical direction)
and Convair (structures and assembly), worked feverishly to revise the Atlas design
based on a 1,500-pound, I-megaton warhead. The thorough redesign cut the size of the
missile almost in half: the weight decreased from 440,000 to 240,000 pounds and the
number of engines was reduced from five to three.

Flight testing for the Atlas A began in June 1957. The initial test vehicle, the Atlas
A, contained only the two booster engines and a dummy nosecone. Six of eight test
flights blew up on the launch pad or were destroyed shortly after takeoff. Two missiles
had successful flights of 600 miles.

The Atlas B series was a more sophisticated missile complete with a sustainer
engine and separable nosecone. In July 1958 the first one exploded soon after launching,
but the following November an Atlas B roared 6,000 miles down range.

The Atlas C was a semi-operational version that contained several advanced fea-
tures. It was first launched successfully in December 1958.

The Atlas D was equipped with radio-inertial guidance. First tested in April 1959,
three Atlas Ds were place on operational alert at Vandenberg AFB in late 1959.
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The Atlas E was the first to use an all-inertial guidance system and the improved
MA-3 propulsion system. Its first successful test flight was in February 1961.

The Atlas F had an improved fuel loading system that allowed the missile to be
fueled and fired more quickly. It was also designed to be stored vertically in hardened

silos. The first successful Atlas F flight was in July 1961.

Basing Strategy

The hallmark of the Atlas deployment schedule was urgency; escalating tensions with
the Soviet Union sent the Air Force scrambling to deploy the missiles as rapidly as possi-
ble. Initially the Air Force planned to deploy 4 squadrons of 10 missiles each, but in
December 1957 the Department of Defense expanded the missile force to 9 and later 13
squadrons. Originally the location of the launch sites was determined exclusively by the
missile’s range; they had to be within 5,000 miles of their targets in the Soviet Union.
Later, other factors that influenced the placement of the sites was that they be inland, out
of range of Soviet submarine-launched intermediate range missiles; close to support facili-
ties; and as a cost cutting measure, be built on government property whenever possible.
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A map showing the location of the twelve Atlas squadrons. Those sites designated “horizontal”
operated Atlas D or E missiles; all of the “silo” sites deployed Atlas F missiles.
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Atlas Deployment

Unit

576 SMS Vandenberg AFB, California
576A (Vertical above ground)

576B (Horizontal above ground)
576C (Horizontal above ground)
576D (Silo)

5763 (Silo)

564 SMS F.E. Warren AFB, Wyoming
565 SMS F.E. Warren AFB, Wyoming
566 SMS Offutt AFB, Nebraska

567 SMS Fairchild AFB, Washington
548 SMS Forbes AFB, Kansas

549 SMS F.E. Warren, Wyoming

550 SMS Schilling AFB, Kansas

551 SMS Lincoln AFB, Nebraska
577 SMS Altus AFB, Oklahoma

578 SMS Dyess AFB, Texas

579 SMS Walker AFB, New Mexico
556 SMS Plattsburg AFB, New York

Storage Operational

ABG/H
ABG/H
ABG/H
BG/H
BG/H
BG/H
Silo
Silo
Silo
Silo
Silo
Silo

Dates

1959
1960- 1965
1961-1965
1961-1965
1962-1965
1960- 1964
1961-1964
1961-1964
1961-1965
1961-1965
1961-1965
1962-1965
1962- 1965
1962~ 1965
1962- 1965
1962- 1965
1962~ 1965

Launch

Missile

Configuration Series

3x1
3x1
1x1
1x1
1x1
3x2
3x3
3x3
1x9
1x9
1x9
1x12
1x 12
1 x12
1x12
1x12
1x12
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Note: Vandenberg AFB was a test and training facility. As an emergency measure missiles undergoing testing
were placed on operational alert. SMS = Strategic Missile Squadron; ABG/H = Above ground/horizontal,

BG/H = Below ground/horizontal.

Site Configuration

The Air Force deployed Atlas models D, E, and F; each was based in a different

launch configuration.

As an emergency measure, in September 1959 the Air Force deployed three Atlas Ds
on open launch pads at Vandenberg AFB. Completely exposed to the elements, the three
missiles were serviced by a gantry crane. One missile was on operational alert at all

times.
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This 1960 photograph shows two Atlas D ICBMs deployed on open launch pads at Vandenberg
AFB, California. This was a stopgap measure, intended to serve only until the protected,
horizontal launchers were ready.

The first full Atlas D squadrons became operational in 1960. In these so-called “soft”
sites, which could only withstand overpressures of 5 pounds per square inch (psi), the
missiles were stored horizontally within a 103- by 133-foot launch and service building
built of reinforced concrete. The missile bay had a retractable roof. To launch the mis-
sile, the roof was pulled back, the missile raised to the vertical position, fueled, and
fired.

An individual Atlas D launch site consisted of a launch and service building, a
launch operations building, guidance operations building, generating plant, and com-
munications facilities. The launch operations buildings were two-story structures built
of reinforced concrete measuring 73 by 78 feet with earth mounded up to the roof
lines. Constructed much like blockhouses at missile test ranges, these buildings
housed the launch operations crew and were equipped with entrance tunnels, blast-
proof doors, and escape tunnels. The guidance operations buildings, which sent course
corrections to the missile in flight, were one-story structures, 75 by 212 feet, with a
full basement. The basement walls were reinforced concrete and the remaining walls
were of concrete block. The power plant was a 63- by 65-foot single-story, concrete

block building. It housed three large diesel generators and the pumps for the water
system.
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An Atlas D belonging to the 385th Strategic Missile Wing is removed from its above-ground
launcher in October 1964.

At the first Atlas D squadron at F.E. Warren AFB, six launchers were grouped
together, controlled by two launch operations buildings, and clustered around a cen-
tral guidance control facility. This was called the 3 x 2 configuration: two launch
complexes of three missiles each constituted a squadron. At the two later Atlas D
sites, a second at F.E. Warren AFB, and at Offutt AFB, Nebraska, the missiles were
based in a 3 x 3 configuration: three launchers and one combined guidance
control/launch facility constituted a launch complex, and three complexes comprised
a squadron. At these later sites the combined guidance and control facility measured
107 by 121 feet with a partial basement. To reduce the risk that one powerful nuclear

warhead could destroy multiple launch sites, the launch complexes were spread 20 to
30 miles apart.

The major enhancement in the Atlas E was the new all-inertial system that obviated
the need for ground control facilities. Since the missiles were no longer tied to a central
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In this September 1960 photograph, three of the so-called “soft” above-ground Atlas D
launchers are shown under construction near Offutt AFB, Nebraska. The guidance and control
facility is to the left of the launchers.
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A drawing of an above-ground Atlas D launch facility. The roof is open and there is an outline of
the missile in firing position.
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guidance control facility, the launchers could be dispersed more widely Thus, the three
Atlas F squadrons located at Fairchild AFB, Washington; Forbes AFB, Kansas; and F.E.
Warren AFB, Wyoming; were based in a 1 x 9 configuration: nine independent launch
sites comprised a missile squadron.

The Atlas Es were based in “semi-hard” or “coffin” facilities that protected the
missile against overpressures up to 25 psi. In this arrangement the missile, its sup-
port facilities, and the launch operations building were housed in reinforced concrete
structures that were buried underground; only the roofs protruded above ground
level. The missile launch and service building was a 105- by 100-foot structure with a
central bay in which the missile was stored horizontally. To launch a missile, the
heavy roof was retracted, the missile raised to the vertical launch position, fueled,
and then fired. The 54- by 90-foot launch operations building was 150 feet from the
missile launch facility; the two were connected by an underground passageway The
launch operations building contained the launch control facilities, crew’'s living quar-
ters, and power plant. The Atlas E launch sites were spaced approximately 20 miles
apart.

The Atlas F, the most advanced of the Atlas series, were designed to be stored verti-
cally in “hard” or “silo” sites. With the exception of a 