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Significance: Beginning in 1962, the United States deployed its first Inter-continental 
Ballistic Missiles (ICBM)--the Atlas and the Titan I. These powerful 
weapons dramatically altered the Cold War by introducing the 
capability to destroy enemy targets anywhere around the world within a 
hour of launch. The Titan I complexes were the first hardened missile 
sites, capable of surviving all but a direct hit from a nuclear attack. The 
two-stage missiles-another key innovation of the Titan I-were stored 
in underground silos and raised to ground level for launch. The Titan I 
missile system was deployed in six squadrons, each consisting of three 
dispersed launch complexes, at five Air Force bases across the western 
United States. Each complex consisted of three missile silos controlled 
by a single launch center and supported by a network of underground 
fuel storage tanks, equipment terminal, antennas, and connecting 
tunnels. These facilities played a crucial role in the Cold War until 
removed from active service in 1965, replaced by the more advanced 
Titan II and Minuteman I missiles. 
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At the height of the Cold War, in the months between the construction of the Berlin Wall in 
August 1961 and the Cuban Missile Crisis in October 1962, the United States made the Titan I 
missile operational, deployed in eighteen three-missile complexes at five Air Force bases. By the 
end of 1962, America's nuclear arsenal included 123 Atlas missiles, fifty-four Titan I missiles, 
112 Polaris missiles, and twenty Minuteman missiles-the first installment of a new generation of 
intercontinental ballistic missiles (ICBM). 

Active between 1962 and 1965, the Titan I was the first multistage missile in the nation's 
arsenal and the first placed in hardened underground sites. Begun in early 1955, the Titan 
program paralleled the Atlas (SM-65/HGM-25) intercontinental ballistic missile (ICBM). 
However, it had two distinct advantages over the competing system. First, the multistage rocket, 
powered by a combination of RP-1 (a refined kerosene) and liquid oxygen (LOX), had an 
effective range of 5,500 nautical miles and carried a heavier, more potent, nuclear warhead of 
approximately four megatons. Second, it was deployed in hardened underground silos, with the 
missile raised to the surface by a special launcher platform, making it capable of surviving all but 
a direct hit from a nuclear attack. 

In spite of these advantages, even before it was deployed, the missile was scheduled for 
obsolescence. It was replaced by two systems. The Titan II was first activated in early 1963. It 
used a storable (but still liquid) hypergolic fuel and was fired from within the silo, cutting the 
launch time from fifteen to two minutes. The differences between the two generations of the 
missile made the expansive underground Titan I launch complexes obsolete. In addition, the Air 
Force deployed the solid-fueled Minuteman I missiles, beginning in 1962. Less expense to build 
and staff, it became the backbone of America's nuclear defense, with eight hundred on alert by 
1965. 

Introduction 

Although tensions during the Cold War ebbed and flowed over the years, the possibility of 
thermonuclear war between the United States and the Soviet Union loomed like a dark cloud 
during the early sixties-the period when the Titan I was operational. In Berlin the Russian 
leadership threatened to change postwar agreements on the occupation of that city, potentially 
backed by military actions. Then, during the Cuban Missile crisis, the Soviet Union attempted to 
alter the nuclear balance of power with a swift, secretive deployment of intermediate range 
missiles to Cuba, only ninety miles away from the American mainland. 

As Arthur Schlesinger, a historian and advisor to President John F. Kennedy, wrote about the 
Cuban Missile Crisis, 

It should never be forgotten that the relatively recent development of the intercontinental ballistic 

missile had revolutionized the problem of war, that the rethinking of strategy in terms of the 

ICBM had been going on only for five years in the United States and hardly at all in the rest of the 
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world, that previous military experience offered almost nothing to help this analysis and that 

thinking about the unthinkable was painful anyway. 1 

As Schlesinger suggests, this was a revolution in warfare, rooted in three significant 
transformations during the previous twenty years. First, the United States, and then the Soviet 
Union, developed nuclear weapons-the atomic bomb in 1945, and then the even deadlier 
hydrogen bomb in 1953. Second, those two nations, allies during World War II, became bitter 
enemies, fighting a "Cold War" that threatened to turn into a global conflict of inconceivable 
consequences. Finally, the two antagonists, on opposite sides of the world, built the means-the 
intercontinental ballistic missile-to deliver those weapons with such power and speed that it 
shortened the window in which to make decisions between peace and war to a mere fifteen 
minutes. If, in its response during those fifteen minutes, the nation's leadership had ordered the 
execution its full operational plan, the 1962 estimate was that it would result in 285 million dead 
in the Soviet Union and the People's Republic of China. This capability, noted historian John 
Guilmartin, Jr., "was so mind-boggling as to utterly change the way statesmen, military leaders, 
and above all, ordinary citizens and politicians thought of war."2 

The First Transformation: Nuclear Weapons 

During World War II and the subsequent decade, the United States perfected a means to create 
unimaginable destruction-the atomic bomb. In 1940, as a military power, the U.S. Army stood 
eighteenth in the world in the percentage of its population in some form of military service, 
trailing not only Germany, France, Britain, Russia, Italy, Japan, and China but also Belgium, the 
Netherlands, Portugal, Spain, Sweden, and Switzerland. Less than one-half of one-percent of the 
American population was on active duty or in the trained reserves, while Germany had nearly ten 
percent. America possessed almost no munitions industry.3 

Then, in October 1940-three months before Pearl Harbor and America's entry into the war
President Franklin Roosevelt authorized a federal program to build the atomic bomb. This project 
was given a code name "Manhattan Engineering District" to hide its size and scope. It would 
eventually include installations in Oak Ridge, Tennessee, Hanford, Washington, and Los Alamos, 
New Mexico. By 1945 more than 120,000 people were employed in pursuit of the atomic bomb at 
a cost of $2 billion-nearly all hidden in the budget. The Manhattan Project resulted in the 
design, production, and detonation of three nuclear bombs in 1945.4 

The first bomb was tested on 16 July 1945 at a site named "Trinity" near Alamogordo, New 
Mexico. On 6 August 1945 seven planes took off from Tinian Island in the Pacific and headed in 

1 Arthur M. Schlesinger, A Thousand Days: John F. Kennedy in the White House (Boston: Houghton Mifflin 
Company, 1965), 501. 
2 John F. Guilmartin, Jr., "The ICBM and the Cold War: Technology in the Driver's Seat," in The Cold War: A 
Military History, edited by Robert Cowley (New York: Random House, 2005), 424. 
3 R. Elberton Smith, The Army and Economic Mobilization (Washington, D.C.: Center for Military History, 
1959), 24-35, 119-26. 
4 This account relies on Richard Rhodes, The Making of the Atomic· Bomb (New York: Simon and Schuster, 
1986). In addition, see Paul S. Boyer, By the Bomb's Early Light (Chapel Hill: University of North Carolina, 
1994). 
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the direction of Hiroshima, a Japanese city of around 350,000 to 400,000 residents. Three aircraft 
took the lead to scout the weather; two carried crews to photograph the flight; another tailed along 
as a reserve. The single bomber, named Enola Gay by its captain, carried an atomic device. On 
the ground, Japanese defense spotters set off an air raid warning at the sight of the three weather 
planes, but then sounded the all-clear when they turned away. The two or three remaining B-29s 
seemed relatively unthreatening, since during recent raids on other Japanese cities, hundreds of 
planes wrought devastation. Within minutes, Hiroshima was virtually destroyed. Although the 
casualties were not much different than the March 1945 Tokyo bombing directed by General 
Curtis LeMay-more than 100,000 dead-it only required a single aircraft instead of more than 
three hundred planes. 

This event, followed by a subsequent attack on Nagasaki on 9 August, brought a close to World 
War II but opened the door to a new era of warfare. Hiroshima changed everything, the 
Congressional Aviation Policy Board concluded in 1948, "Militarily speaking, at that same hour, 
the security frontiers of all nations disappeared from the map. National defense, in the traditional 
sense, is no longer possible. The cycle of history has turned, and once again civilization stands 
vulnerable to annihilation." As Bernard Brodie wrote in an influential article published the 
following year, "The power of the new bomb completely alters considerations which previously 
governed the choice of vehicles .... A rocket ... is an exceptionally cheap means of bombarding 
a country if it can carry in its nose an atomic bomb."5 

From that turning of history, even more powerful weapons emerged. Following WWII, the 
United States continued testing of the atom bomb under the aegis of the Atomic Energy 
Commission [AEC], building a small stockpile, secure in its position as the world's only nuclear 
power-shattered in 1949 when the Soviet Union exploded its first atomic bomb. 

In the succeeding months, the United States debated whether to pursue a fission, or hydrogen, 
bomb with some scientists, like J. Robert Oppenheimer, "father of the atomic bomb," opposed its 
construction. However, in January 1950, President Harry Truman approved the development of a 
hydrogen bomb, or thermonuclear, weapon. The Joint Chiefs of Staff, for example, argued that 
failure to build the H-bomb would give the Soviet Union a "tremendous psychological boost 
[leading to] increased truculence in international affairs and increased political infiltration." 
Indeed, the argument went, if the Soviets developed a thermonuclear capability first, they would 
be in a position to blackmail Western Europe and split the Western alliance.6 

5 Bernard Brodie, "War in the Atomic Age," The Absolute Weapon (New York: Harcourt, Brace, and Company, 
1946), 34-35. Eugene Emme, The Impact of Air Power (New York, N.Y.: Norstrand Company, Inc., 1959), 623-
626. 
6 Melvin P. Leffler, A Preponderance of Power: National Security, the Truman Administration, and the Cold 
War (Stanford, Calif.: Stanford University Press, 1992), 227-331. For Soviet developments, see David Holloway, 
Stalin and the Bomb: The Soviet Union and Atomic Energy, 1939-1956 (New Haven, Conn.: Yale University 
Press, 1994), 294-319. For a study of the H-bomb decision, see Herbert York, The Advisers: Oppenheimer, 

~, Teller, and the Superbomb (San Francisco: W.H. Freeman, 1976). see also Barton Bernstein, "The H-Bomb 
Decisions: Were They Inevitable," in Bernard Brodie et al., eds., National Security and International Stability 
(Cambridge, Mass.: Oelgeschlager, Gunn & Hain, 1983), 327-56; Peter Galison and Barton Bernstein, "In any 
light: Scientists and the Decision to Build the Superbomb, 1952-1954," Historical Studies in the Physical 
Sciences 19 (1989): 267-347; James Hershberg, James A. Conant: Harvard to Hiroshima and the Making of the 
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On 1 November 1952, only days before the presidential election, the United States exploded the 
first hydrogen bomb off Eniwetok atoll in the Pacific. The new weapon had a destructive power 
that dwarfed the Hiroshima bomb. Estimates determined that a five-megaton bomb would kill 
people within fifty square miles of ground zero and that an attack of fifty-five twenty megaton 
bombs would completely destroy the fifty largest cities of the Soviet Union, killing thirty-five 
million Russians. As historian Fred Kaplan writes, 

A later generation of defense analysts would toss these figures around with casual aplomb; but in 

early 1952, nobody had ever dreamed of such massive destruction. Nobody had ever killed thirty

five million people on a sheet of paper before. 7 

Within a year, on 12 August 1953, the Soviet Union exploded a similar device. 

Soon, further advances led to a relatively lightweight device that enabled the practical 
development of the intercontinental ballistic missile. The first thermonuclear weapon test used 
liquid deuterium, an isotope of hydrogen. That device weighed sixty tons, including the 
refrigeration system that kept the deuterium in the liquid state. On 28 February 1954 the first 
"dry" thermonuclear weapon was detonated in the Pacific, proving that a lightweight yet powerful 
warhead design would be available for the proposed ICBM.8 

The Second Transformation: The Cold War 

The second transformation was the dramatic shift in relations between the United States and the 
Soviet Union. The two nations maintained cool, but stable, relations during the 1930s following 
formal recognition of the Communist government in 1933. By early 1942, however, the two 
nations had joined with Great Britain to form the "Grand Alliance"-as Roosevelt called it-in 
common cause against Nazi Germany. 

Russia became a major recipient of American military aid, second only to Great Britain, 
eventually receiving more than nine billion dollars. The ties were more than monetary, extending 
to personal and professional interaction. The three nations expanded their diplomatic staffs and 
established special offices to facilitate aid arrangements. Thousands of soldiers and sailors 
worked side by side, managing the transfer of machinery, weapons, vehicles (nearly 400,000 
American trucks went to the Soviet Union), aircraft, and other material. American men and 
women trained Soviet personnel and translated manuals into Russian. 

Even as the war drew to an end, though, tensions reasserted themselves, and by early 1945, the 
allies began to look warily at the shape of a postwar world. By the time of the Yalta Conference in 
March 1945, it became clear that Russia would lay claim to political and military control of the 
Eastern Europe. Stalin, a ruthless dictator whose tactics included the wholesale killing of millions 

Nuclear Age (New York: Knopf, 1993), 463-82; and Richard Rhodes, Dark Sun: The Making of the Hydrogen 
Bomb (New York: Simon and Schuster, 1995). 
7 Fred Kaplan, The Wizards of Armegeddon (New York: Simon and Schuster, 1983), 77-78. 
8 Chuck Hansen, U.S. Nuclear Weapons, The Secret History (New York: Orion Books, 1988), 61-68; T. B. 
Cochran et al., Nuclear Weapons Data Book, Volume II: U.S. Nuclear Warhead Production (Arlington, Tex.: 
Ballinger Publishing Company, 1987), 154. 
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of Russians during the 1930s, had a starkly different view of the coming world order than the 
United States. 

This growing tension became an underlying rationale for the use of the atomic bomb in the 
closing days of the war. During the debate over the use of the atomic bomb in the three months 
between Germany's surrender and Hiroshima, Leo Szilard, one of the principal theorist behind 
construction of the bomb, wrote a long memorandum to President Truman, arguing, "Perhaps the 
greatest immediate danger which faces us is the probability that our demonstration of atomic 
bombs will precipitate a race in the production of these devices between the United States and 
Russia." Sent to meet with Secretary of State James Byrnes in May 1945, Szilard recalled the 
response: 

He was concerned about Russia's postwar behavior. Russian troops had moved into Hungary and 

Romania, and Byrnes thought it would be very difficult to persuade Russia to withdraw her troops 

from these countries, that Russia might be more manageable if impressed by American mili~ 

might, and that a demonstration of the bomb might impress Russia.9 

Later, Szilard talked about the impact of the bomb with Robert Oppenheimer, who responded, 
"This is a weapon which has no military significance. It will make a big bang-a very big bang
but it is not a weapon which is useful in war." Still, said Oppenheimer, "If we tell the Russians 
what we intend to do and then use the bomb in Japan, the Russians will understand [its 
potential]?" 

Although the summer of 1945 brought peace, new challenges confronted the United States. 
With the victory, the nation became one of two "superpowers" in international affairs. As a 
military power, the United States stood preeminent, controlling the world's only atomic arsenal. 
As a peacetime leader, American initiatives helped to organize the United Nations and assisted 
Europe and Japan as they rebuilt their shattered economies. As an economic force, the United 
States ended the war as the greatest industrial power in history. 10 

If one were to summarize American postwar foreign policy in shorthand, the words would be 
"Munich" and "Pearl Harbor." The British policy of appeasement and negotiation did not stop 
Hitler, but only encouraged him to reach ever farther. Pearl Harbor showed that a sudden strike 
might occur at any· time and the country must be ever vigilant. When General Carl Spaatz, 
commander of American strategic bombing in World War II, testified before a Senate Committee 
in 1945, he warned, "No section will be immune. The Pearl Harbor of a future war might well be 
Chicago, or Detroit, or Pittsburgh, or even Washington." North Korea's 1950 invasion of South 
Korea-an attack perceived by many Western strategists as part of a concerted global strategy by 
the Soviets-made Western fears of attack seem all the more prescient.11 

9 Quoted in Richard Rhodes, The Maldng of the Atomic Bomb (New York: Simon and Schuster, 1986), 637. 
10 See the excellent discussion in Jeremy Isaacs and Taylor Downing, Cold War: An Illustrated History, 1945-
1991 (Boston: Little, Brown and Company, 1998), 24-30. 
11 John C. Lonnquest and David F. Winkler, To Defend and Deter: The Legacy of the United States Cold War 
Missile Program (Washington, D.C.: Department of Defense, Legacy Resource Management, 2001). For 
wartime and early postwar thinking about air bases, see Michael S. Sherry, Preparing for the Next War: 
American Plans for Postwar Defense, 1941-1945 (New Haven: Yale University Press, 1977), 42-47, 203-204; 
and Leffler, A Preponderance of Power, 56-59. See also Leffler, "The American Conception of National Security 
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The Soviet Union ended the war with the largest army in the world and control of Eastern 
Europe. The war, however, devastated the country, leaving factories and farms in shambles. 
Estimates are that nearly twenty-seven million Soviet citizens lost their lives in the fight against 
Hitler. The brief summary of Russian policy would be "Stalingrad" after the great battle in 
defense of Hitler's attack across eastern Europe-that the country was vulnerable to invasion 
from the west. In response, Soviet leadership pursued a policy to weaken Germany and establish 
a buff er zone around its borders in Europe. The Soviet government established compliant 
communist governments in a number of eastern European countries. They also staunchly refused 
to sign a formal peace treaty to end World War II, fearing a reunified Germany. 12 

These policies set the stage for a series of confrontations with the United States, creating, in the 
words of Winston Churchill, an "Iron Curtain." The situation was especially tense in Europe, 
where the military power of the Soviet Union matched that of the United States and its allies. Pro
Soviet governments took power in Hungary, Poland, Romania, and Bulgaria in the year after the 
war. The United States refused to intervene militarily. It drew a line, however, when cormnunist 
guerillas threatened to topple the pro-Western governments of Turkey and Greece. President 
Harry S Truman enunciated the Truman Doctrine in March 1947, pledging U.S. aid to any free 
nation threatened by communism. The president bluntly stated: 

At the present moment in world history nearly every nation must choose between alternative ways 

of life. The choice is too often not a free one. One way of life is based upon the will of the 

majority, and is distinguished by free institutions, representative government, free elections, 

guarantees of individual liberty, freedom of speech and religion, and freedom from political 

oppression. The second way of life is based upon the will of a minority forcibly imposed upon the 

majority. It relies upon terror and oppression, a controlled press and radio, fixed elections, and the 

suppression of personal freedoms. 13 

Tensions escalated in 1948, after the United States, France, and Great Britain unified the areas 
they had occupied in Germany since the war's end. American policy sought a revived German 
economy, contrary to the Soviet strategy. In response, the USSR blocked ground transport to the 
divided, land-locked city of Berlin, hoping to remove western influence from eastern Germany 
and destabilize Europe. The Allies countered with an eleven-month airlift of food and supplies to 

and the Beginnings of the Cold War, 1945-1948," American Historical Review 89 (1984): 346-81, with 
comments by John Lewis Gaddis and Bruce Kuniholm and Leffler's reply, ibid., 382-400. 
12 John L. Gaddis, The United States and the Origins of the Cold War, 1941-1947 (New York: Columbia 
University Press, 1972); Hugh Thomas, Anned Truce: The Beginnings of the Cold War, 1945-46 (New York: 
Sceptre Press, 1988). 
13 The Truman Library has placed transcripts of several important documents related to the Truman Doctrine on 
it website: http://www.trumanlibrary.org. Patrick Glynn, Pandora's Box: Arms Races, Arms Control and the 
History of the Cold War (New York: Basic Books, 1992); Martin Walker, The Cold War: A History (Henry Holt 
and Company, 1994. For background on the origins and early implementation of "containment," see Leffler, A 
Preponderance of Power, especially chapters 3-5. For an introduction to Cold War literature, see Lynn Eden, 
"The End of U.S. Cold War History?," International Security 18 (1993): 174-207. For an assessment of Soviet 
policy during the early Cold War, see Vladislav Zubok and Constantin Pleshakov, Inside the Kremlin's Cold 
War: From Stalin to Khrushchev (Cambridge, Mass.: Harvard University Press, 1996). 
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West Berlin-directed by Air Force General Curtis LeMay-that forced the USSR to remove the 
blockade.14 

Unable to match the conventional military might of the Red Army on the ground, the United 
States chose to protect the beleaguered nations of Europe by extending its nuclear umbrella 
overseas through strategic alliances such as NATO. The stage was set for a forty-year 
confrontation known as the Cold War, a phrase coined by American statesman Bernard Baruch in 
1946 and popularized by Walter Lippmann's 1947 book entitled The Cold War. The term 
originated because most actions of the opposing groups fell just short of a "hot" or shooting war. 
The struggle between the two superpowers dominated international affairs, with the world 
seemingly divided into two armed camps: the United States and its allies against the Soviet Union 
and the communist bloc.15 

In 1949, the Soviet Union detonated its first atomic bomb, drastically altering the postwar 
balance of power. Combined with the rise of a Communist government in China, it raised the 
spectre of an ever-advancing threat to the United States. Shortly afterward, North Korean troops 
crossed over the imaginary boundary into South Korea, precipitating the Korean War. 16 

At this point, the boundaries of the Cold War were sharply defined. President Truman called for 
a major review of U.S. policy, resulting in the approval of National Security Council [NSC] 
Report 68 in April 1950. The document laid the foundation for American Cold War policy, 
declaring, "It is quite clear from Soviet theory and practice that the Kremlin seeks to bring the 
free world under its dominion by the methods of the cold war." It further warned, "The risk that 
we may thereby be prevented or too long delayed in taking all needful measures to maintain the 
integrity and vitality of our system is great. The risk that our allies will lose their determination is 
greater." Rejecting a return to isolationism or a move to preemptive war, the document 
recommended, "A more rapid building up of the political, economic, and military strength of the 
free world ... with the purpose of reaching, if possible, a tolerable state of order among nations 
without war and of preparing to defend ourselves in the event that the free world is attacked."17 

This view remained dominant within national leadership for the next several decades, summed 
up bluntly by a memo from the Air Force Council to Chief of Staff Curtis LeMay in 1960: 

The avowed long-range aim of the present Sino-Soviet partnership is to communize the world. 

Within forty years the Communists, starting from a zero line, achieved control over one-third of 

the world's population and one-fourth of the world's territory. Bespeaking of an as yet unsurpassed 

mastery of conflict management, this has been history's fastest course of empire. No change in this 

14 Alan Milward, The Reconstruction of Western Europe, 1945-51 (Berkeley: University of California Press, 
1984); Avi Shlaim, The United States and the Berlin Blockade (Berkeley: University of California Press, 1983). 
15 Christine Whitacre, editor, The Last Line of Defense: Nike Missile Sites in Illinois (Denver: National Park 
Service, 1996), 13-16. 
16 John C. Lonnquest and David F. Winkler, To Defend and Deter, l. 
17 For the text of NSC-68, see Ernest R. May, American Cold War Strategy: Interpreting NSC 68 (Boston: 
Bedford Books, 1993). Also see Leffler, A Preponderance of Power, 313-60; John L. Harper, American Visions 
of Europe (New York: Cambridge University Press, 1994), 292-94. Also see Marc Trachtenberg's "A 'Wasting 
Asset': American Strategy and the Shifting Nuclear Balance, 1949-1954," in History and Strategy (Princeton, 
NJ.: Princeton University Press, 1991), 100-152. 
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ultimate Communist goal is anticipated throughout the next decade, or for the duration of the 

Communist regime. 18 

The protagonists contended on many different levels-in regional conflicts such as Berlin and 
Vietnam, in intelligence gathering operations, even sports. The arms race, though, had the greatest 
impact. Between 1945 and 1989, the United States committed massive scientific and economic 
resources to the development of the military. The battle for technological supremacy was waged 
in laboratories and factories across the country, encompassing the entire spectrum of military 
technology from conventional arms to nuclear weaponry. 

The Third Transformation: Delivery Systems 

As the arms race unfolded, a new class of weapons-guided missiles armed with nuclear 
warheads-emerged as the defining weapons of the Cold War. Revolutionizing the strategy and 
tactics of warfare, guided missiles provided the means to deliver nuclear weapons to targets on 
the opposite side of the world. 

The rocket was hardly new, dating back to the thirteen century. Indeed, the British used rockets 
during the Napoleonic wars and the War of 1812-a use memorialized by Francis Scott Key in 
his poem, "The Defence of Fort M'Henry," better known as "The Star Spangled Banner." In 
1847, during the Mexican War, American batteries fired rockets, and both the Union and 
Confederacy used primitive rockets in the Civil War. Never effective weapons, lacking precision 
and distance, artillery remained the principal means of long range military attack through World 
War I.19 

The modem age ofrocketry opened in 1909, when Robert H. Goddard (1882-1945), a physicist 
at Clark University in Worcester, Massachusetts, began studies of the physical properties of 
liquid- and solid-fuel rocket motors in 1909. Within five years, he had received patents for 
seminal innovations in the areas of combustion chambers, propellant feed systems, and multistage 
rockets. In 1926 Goddard launched the world's first successful liquid-fuel rocket from a farm 
pasture near Auburn, Massachusetts. Needing more space for his increasingly ambitious tests, in 
1930 he established a research facility near Roswell, New Mexico. During the following decade, 
Goddard experimented with a wide range of rockets, the largest of which was 22 feet long, 18 
inches in diameter, and weighed almost 500 pounds. One of his rockets soared to a record altitude 
of 9,000 feet. 

Because of his pioneering theoretical and experimental research, Dr. Goddard created many 
techniques that are still used in rockets. Among his numerous achievements in rocketry were: 
using gyroscopes for stabilization; proving that rockets could operate in a vacuum; employing 
movable exhaust vanes for steering; and using staged rockets. In addition, Goddard engineered 

18 Memorandum, Subject: The Threat, Air Force Council to Air Force Chief of Staff General Curtis LeMay, 2 
March 1960. National Security Archive. 
19 G. Edward Pendray, "Pioneer Rocket Development in the United States," in Eugene M. Emme, ed., The History 
of Rocket Technology (Detroit, MI: Wayne State University Press, 1964), 19-23; von Braun and Ordway, History of 
Rocketry and Space Travel, 44-56. 
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many major rocket components, including the airframe, fuel pumps, valves, and guidance 
devices. He was granted more than 200 patents in the field.20 

The German Missile Program, 1937-1945 

Germany, led by the research and writing of Hermann Oberth, made the greatest advances in 
rocketry during the 1930 and 1940s, expanding on Goddard's research. In 1937 the German Army 
gathered the nation's leading engineers and scientists in Peenemiinde on the shores of the Baltic 
Sea to conduct intensive research and testing of experimental rockets under the command of 
Captain Walter R. Domberger.21 

The Peenemiinde team built the first large, long-range military rocket. By 1943, after numerous 
frustrations, they developed a missile that was 46 feet long by 11 ~ feet in diameter, weighing 
34,000 pounds when fueled, and producing 69,100 pounds of thrust from a single engine 
consuming liquid oxygen and a mixture of alcohol and water. Called "Assembly-4" (A-4}by the. 
Peenemiinde group, the rocket had a range of nearly 200 miles and a maximum velocity of about 
3,500 miles per hour. Its gyroscope and exhaust deflector vanes, sometimes supplemented by 
radio control, directed it. Joseph Goebbels's propaganda office dubbed the missile 
Vergeltungswaffe zwei (Vengeance Weapon No. 2), or "V-2." 22 

Full production and deployment was slowed by Hitler's hesitant decision-making as well as 
repeated Allied bombing attacks against installations. On 8 September 1944, the Germans fired 
the rockets against England. By the end of March 1945, when the last V-2 was deployed, the 
Germans had launched 3,745 V-2s, with more than 1,100 directed at England and the remainder 
fired on continental targets, including Antwerp, Brussels, and Liege. However, the missile's late 
introduction into the war blunted its impact, as did its poor accuracy.23 

The American Missile Program, 1937-1952 

During World War II, the United States had a low-key research and testing program, primarily 
focused on jet propulsion rather than rockets. For several years, beginning in 1937, the Army Air 

2° For information on Goddard see David Clary, Rocket Man : Robert H Goddard and the Birth of the Space Age 
(New York, Theia Books, 2003); Barton C. Hacker, "Robert H. Goddard and the Origins of Space Flight," in 
Carroll W. Purse, Jr. ed., Technology in America: A History of Individuals and Ideas (Cambridge, MA: MIT Press, 
1981), 228-233. 
21 Walter Domberger, V-2 (New York, Viking Press, 1954); Williams and Epstein, Rocket Pioneers, 204-231; 
Willey Ley, Rockets, Missiles, and Space Travel (New York: Viking Press, 1958), 202-231; Dieter K. Huzel, 
Peenemunde to Canaveral (Englewood Cliffs, N.J.: Prentice-Hall, 1962); Leslie G. Simon, German Research in 
World War II: An Analysis of the Conduct of Research (New York, 1947), 33-35; and Theodore Benecke and A. 
W. Quick, eds., History of German Guided Missiles (Brunswick, Germany, 1957). 
22 Ley, Rockets, Missiles, and Space Travel, 212-217; Kurt H. Debus, "Evolution of Launch Concepts and Space 
Flight Operations," in Ernst Stuhlinger, Frederick I. Ordway III, Jerry C. McCall, and George C. Bucher, eds., 
From Peenemunde to Outer Space: Commemorating the Fiftieth Birthday of Wernher van Braun (Huntsville, 
Ala., 1962), 45. 
23 Edmund Beard, Developing the ICBM: A Study in Bureaucratic Politics (New York: Columbia University 
Press, 1976),17-23; 1976), Jacob Neufeld, The Development of Ballistic Missiles (Washington, D.C.: Office of 
Air Force History, 1990), 40-41; Thomas Powers, Heisenberg's War: The Secret History of the German Bomb 
(New York: Alfred A. Knopf, 1993), 353. 
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Corps funded studies at the Guggenheim Aeronautical Laboratory, California Institute of 
Technology (GALCIT), under the direction of Theodore von Kannan. Following a 1943 proposal 
by von Kannan to develop a long-range guided missile, the United States began research and 
development of a group of missiles powered by pulse jet" engines. The result, named the JB-2, 
actually went into production but not into operation.24 

In the closing days of World War II, the Americans and Russians raced to capture German 
weapons and scientists, including Wernher von Braun, chief scientist on the V-2, and Walter 
Damberger. Peenemiinde was within the Russian zone of occupation, but before the arrival of the 
Soviet forces, von Braun and most of the other engineers and technicians fled to the west to 
surrender to U.S. forces. The Americans also captured the underground V-2 factory in the Harz 
Mountains; 100 partially assembled V-2s were quickly dismantled and sent to the United States. 

The United States began a program, called Project Paperclip, that brought some 600 German 
scientists, including 130 rocket specialists, to the United States. The earliest research and _testing 
came on the captured V-2 missiles and parts, collected at White Sands Proving Ground near Las 
Cruces, New Mexico. On 16 April 1946 the first V2 was launched in the United States. 

In the immediate postwar years, the Truman administration's policy towards missiles reflected 
an ambivalence. While understanding the weapons system's potential, the president expected the 
end of World War II to allow the dismantling of the massive military machine created to defeat 
Nazi Germany and hnperial Japan. The government slashed military budgets, turned weapons 
factories over to civilian production, ended conscription, and returned millions of soldiers to 
civilian life. As historian Robert Perry wrote, 

To have undertaken a serious ballistic missile program in the immediate postwar year would have 

required a very substantial investment in dollars and skilled manpower. Neither was among the 

resources of the military service in the half-decade between 1945 and 1950.25 

Throughout the late 1940s and early 1950s the military maintained relatively low-key research 
and development projects in missiles, exploring a variety of air-to-air, air-to-surface, surface-to
air, and surface-to-surface missile programs. A tight budget, combined with the Air Force's strong 
bias in favor of aircraft, brought any dreams for full scale deployment to an end. Interservice 
rivalries also contributed as the three branches touted competing rockets such as the Navaho and 
the Snark.26 

On 31 October 1945, the Air Force Air Technical Service Command requested a ten-year study 
focused on development of a family of four ballistic missiles, contracting with Consolidated 
Vultee Aircraft (Convair) to conduct the project. Convair's proposal suggested alternate programs 
for a 5,000-nautical-mile range missile: one subsonic, winged, and jet-powered; the other 
supersonic and rocket-powered. This early research led to several features later incorporated into 
the Atlas and Titan missile systems, including a thin-walled, pressure-stabilized propellant tanks; 
a nose cone that would separate from the main missile body so that only the nose cone had to 

24 Kenneth P. Werrell, The Evolution of the Cntise Missile (Maxwell Air force Base, Ala.: Air University Press, 
1985), 65. 
25 Robert L. Perry, "The Atlas, Thor, and Titan," Technology and Culture 4 (Fall 1963), 466-477. 
26 Edmund Beard, Developing the ICBM: A Study in Bureaucratic Politics, 4-9, 86-92, 147-48, 223-24. 
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withstand the rigorous reentry environment; and missile engines that gimbaled for control of the 
missile trajectory. With hesitant approval from the War Department, limited fabrication of the 
missile, dubbed the MX-774, began in late 1946. 27 

It turned out, however, to be a short-lived project after defense budget cuts killed the program in 
July 1947, although Convair continued work on the missile with corporate funds. Instead the 
Navaho (MX-770) and Snark (MX-775) missiles-more conventional in design, with its use of 
wings, and less expensive to build-won out. Following a review in 1949, Defense Secretary 
Louis Johnson, gave funding priority to aircraft over missiles. As a result, in July 1949, the 
Matador and Firebird missiles were canceled and other missile projects were downgraded to 
component developments or studies, or were canceled altogether. By the start of the Korean War 
the Air Force had only three missiles in development: Navaho, Rascal, and Falcon. 28 

In early 1951, the Air Force resumed studies of the MX-774 weapon, awarding a contract to 
Convair to develop the Atlas missile. The most important task was to determine whether a nnssile 
could be built that would deliver an atomic bomb to within a half-mile of a target located 5,000 
miles from its launch site. Convair engineers predicted that such a missile was feasible but could 
not be made operational until 1965. 

Eisenhower Takes Command 

On 20 January 1953 Dwight D. Eisenhower succeeded Harry S Truman as President. A 
professional soldier, he had commanded Allied forces in Europe in World War II. In the postwar 
years, he continued to play a key role in the shaping of defense policies, serving as Army Chief of 
Staff from 1945 to 1948, and then commanding NATO forces in 1951-52. These years provided 
him with knowledge of the strategy and force posture that had evolved since World War II, some 
understanding of newer technologies, and acquaintance with many senior military officers. He 
also knew the subterranean politics of military weapons' acquisition and competition between 
services, and so brought a bit of skepticism to the Oval Office.29 

Eisenhower's election campaign set the parameters for a change in Cold War policy. On one 
hand, he won the Republican nomination by standing in opposition to the relatively isolationist 
views of Senator Robert Taft. Eisenhower believed that the defense of Europe was vital to the 
security of the United States. He had little tolerance for those in his party who espoused the 
"Fortress America" concept. On the other hand, he won the general election by campaigning 
fervently against "Big Government." He believed that total government spending had to be 
reduced; that lower taxes and a balanced budget were essential to the nation's long-term health; 
and that, as he often said, the United States would lose the Cold War if it had to develop a 
controlled economy in order to wage it. 

It marked the first major change in political power since Roosevelt's ascendancy in 1933. 
Eisenhower brought in a new management team, known for their success in the private sector of 
the economy: Secretary of State John Foster Dulles, a Wall Street lawyer; Secretary of the 

27 J. L. Chapman,Atlas: The Story of a Missile (New York: Harper and Brothers, 1960), 27. 
28 Neufeld, Ballistic Missiles, 37. 
29 For a general history, see Stephen Ambrose, Eisenhower: Soldier and President as well as Dwight D. 
Eisenhower,Mandatefor Change, 1953-1956 (New York: Doubleday, 1963). 
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Treasury George Humphrey, an Ohio banker; and Secretary of Defense Charles E. Wilson, 
previously the chief executive of General Motors. Quickly, the new president set up study teams
Project Solarium-to analyze key issues and promote new policies. 

The "New Look" 

As a result of these early committee studies, Eisenhower adopted Basic National Security 
Policy (NSC 162/2), a strategy that has become known as the "New Look." Enunciated first at a 
National Security Council meeting in October 1953, the New Look policies included: 

• greater reliance on nuclear weapons; 

• elevation of strategic air power, the major means to deliver nuclear weapons, to the 
highest priority; 

• cuts in conventional ground forces; 

• an expanded program of continental defense, which, along with strategic air power, 
would serve as a principal ingredient of the New Look's deterrence program; 

• modernization and enlargement of reserve forces, increasing military manpower yet 
reducing active duty forces.30 

Eisenhower presented the New Look in his State of the Union message in January 1954. It 
neatly met his basic policy requirements by permitting budget cuts by linking American security 
to nuclear weapons rather than expensive ground forces. Secretary of Defense Wilson summed it 
pithily as "a bigger bang for the·buck."31 

The New Look quickly became intertwined with a policy known as "massive retaliation." fu a 
landmark speech before the Council on Foreign Relations, Secretary of State John Foster Dulles 
asserted that the United States would "depend primarily upon a great capacity to retaliate, 
instantly, by means and at places of our choosing." He continued: 

Now the Department of Defense and the Joint Chiefs of Staff can shape our military establishment 

to fit what is our policy, instead of having to try to be ready to meet the enemy's many choices. 

This permits a selection of military means instead of a multiplication of means. As a result, it is 

now possible to get, and share, more basic security at less cost. 

The policy was not universally applauded. Some analysts argued that the policy became almost 
meaningless since it became clear that nuclear weapons were not a viable option in relatively 

30 NSC 5410/1, Note by the Executive Secretary to the National Security Council on U.S. Objectives in the Event 
of General War With the Soviet Bloc, March 29, 1954, and Memorandum of Discussion at the 190th Meeting of 
the National Security Council, Thursday, March 25, 1954, State Department, Foreign Relations of the United 
States (hereafter referred to as FRUS), 1952-1954, Vol. II 637-646. Saki Dockrill, Eisenhower's New-Look 
National Security Policy, 1953-61 (New York: St. Martin's Press, 1996). 
31 NSC 5410/1, Note by the Executive Secretary to the National Security Council on U.S. Objectives in the Event 
of General War With the Soviet Bloc, March 29, 1954, and Memorandum of Discussion at the 190th Meeting of 
the National Security Council, Thursday, March 25, 1954, FRUS, 1952-1954, Vol.II, 637-646. 
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small disputes. Within the military, the New Look clearly favored the Air Force, with the Army 
and Navy subject to tighter budgets.32 

The Teapot Committee: Department of Defense Study Group on Guided Missiles 

Seeking a sharp budget reduction, Eisenhower instituted an evaluation of all military systems. 
On June 16, 1953, Secretary of Defense Charles E. Wilson ordered a review of the guided missile 
program to identify and eliminate duplication. He stated, "A continuous effort should be made to 
standardize on one missile for production and use by all military departments, wherever, within 
the employment limitation of each type of missile, standardization appears to be practicable." 

Secretary of the Air Force Harold Talbott asked Trevor Gardner, his special assistant for 
research and development, to create a missile study group, which became known as the "Teapot 
Committee." Gardner, only thirty-seven at the time, brought a brash nature to the job, leading 
some officials to describe him as "sharp, abrupt, irascible, cold, unpleasant, and a bastard." 
During World War II, he was head of development engineering in the Office of Scientific 
Research and Development's (OSRD) rocket and atomic bomb projects at the California Institute 
of Technology (Caltech). Following the war, Gardner joined General Tire and Rubber Company 
of California as general manager and executive vice president. In 1948 he formed and became 
president of Hycon Manufacturing, an electronics firm based in Pasadena, California.33 

He selected John von Neumann, a distinguished mathematician, to chair the committee. 
Gardner clearly understood that his chairman would be supportive of the missile program. A 
native of Hungary and staunch enemy of the Soviet Union, van Neumann had been a consultant 
to Convair on the Atlas. His political views might be summarized in a quote from a letter to Levi 
Strauss in November 1951, as he wrote, "I think that the USA-USSR conflict will probably lead 
to an armed total collision, and that a maximum rate of armament is irnperative."34 

Other members of the Teapot Committee were Clark B. Millikan, Charles C. Lauritsen, and 
Louis G. Dunn ( all of Caltech); Hendrick W. Bode (Bell Telephone Labs); Allen E. Puckett 
(Hughes Aircraft); George B. Kistiakowski (Harvard); Jerome B. Wiesner (MIT); and Lawrence 
A. Hyland (Bendix Aviation). The committee's military liaison was a young colonel named 
Bernard A. Schriever, the Air Staff's Assistant for Development Planning. To complete the team, 
Gardner brought in Samuel Ramo and Dean Wooldridge, who had recently left Hughes Aircraft to 

32 See Richard H. Immerman, "Confessions of an Eisenhower Revisionist: An Agonizing Reappraisal" 
Diplomatic History 14 (Summer 1990) 319-342, and John Lewis Gaddis, "The Origins of Self-Deterrence" in 
The Long Peace, Inquiries into the History of the Cold War (New York: Oxford University Press, 1987) 104-
146. 
33 Hearings before the Committee on Armed Services, Senate, "Nomination of Trevor Gardner," g4th Cong. 1st 
Sess. (Washington, D.C.: Government Publishing Office, 1955), 2; George M. Watson, The Office of the 
Secretary of the Air Force 1947-1965, (Washington, D. C., 1993) p. 152; Pamphlet, Aerospace Corporation, 
"Trevor Gardner 1915-1963," (1964) p. 14; "Trevor Gardner, Ex-Air Force Aide," New York Times, 29 
September 1963, 1986. 
34 Quoted in Kaplan, Wizards of Armageddon, 63. 
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form Ramo-Wooldridge Corporation (later TRW), under contract to provide staff support and 
conduct research. 35 

The committee's primary recommendation was to accelerate the ICBM program, and the Atlas 
program in particular-as the most advanced American missile program then under development. 
But, it would only succeed if entrusted to "an unusually competent group of scientists and 
engineers capable of making systems analyses, supervising the research phases and completely 
controlling the experimental and hardware phases of the program." Its management would need 
to be free "of excessive detailed regulation by government agencies." Finally, the Teapot 
Committee concluded that, if it was assigned such a crash basis priority, the Air Force could 
obtain an operational Atlas ICBM with twenty launch sites and 100 missiles as early as 1960.36 

A RAND commission headed by Dr. Bruno Augustein, issued a report, A Revised Program for 
Ballistic Missiles of Intercontinental Range, only days before the Teapot Committee's report, 
echoing the findings. In particular, it noted that the hydrogen bomb opened the door for _lighter 
weapons. Lighter weapons meant that the thrust necessary to carry the load dropped dramatically, 
placing intercontinental ballistic missiles within the realm of possible technology. In addition, the 
awesome destructive power of the new weapon reduced need for careful targeting-instead of 
sophisticated systems capable of delivering the missile within a half mile range, the hydrogen 
bomb could miss by three to five miles and still accomplish its mission.37 

The Western Development Division 

Within a few weeks, Secretary Talbott approved Gardner's implementation plan, followed by a 
directive from Lieutenant General Donald L. Putt, Deputy Chief of Staff for Development, to the 
Air Research and Development Command (ARDC) on 21 June 1954 to begin a full-scale missile 
development program. The ARDC created the Western Development Division (WDD), placing it 
under the command of Brigadier General Bernard A. Schriever.38 

Schriever, forty-three at the time, was born in Germany, coming to the United States in 1916 
with his parents. After graduating from Texas A & M in 1931, he joined the Army Air Corps, 
serving for a time under the direct command of General Hap Arnold-the man often called "the 
father of the Air Force." He had a distinguished career during World War II and rose in rank from 
major to colonel. After the war, he became Assistant for Development Planning to the Deputy 

Chief of Staff for Development. 

35 Simon Ramo, The Business of Science: Winning and Losing in the High-Tech Age, New York: Hill and Wang, 
1988, 91; also Simon Ramo, "Memoirs of an ICBM Pioneer," Fortune, 25 April 1988, 298-306. 
36 Stine, G. Harry. ICBM: The Making of the Weapon that Changed the World (New York: Orion Books, 1991), 
166; Trevor Gardner to Harold Talbot and General Nathan Twining, memorandum, "Intercontinental Ballistic 
Missile System Acceleration Plan," 11 March 1954, Nathan Twining Papers, Box 122, 1950-57 folder, Library 
of Congress. 
37 B. W. Augenstein, A Revised Development Program for Ballistic Missiles of Intercontinental Range, RAND 
Special memorandum No. 21, 8 February 1954. RAND-the name derived from a contraction of "research and 
development"-was a "think tank" set up under contract between the War Department and Douglas Aircraft 
Company in 1945. It became a private, nonprofit organization in 1948. 
38 Jacob Neufeld, Bernard A. Schriever: Challenging the Un!awwn (Washington: D.C.: Office of Air Force 

History, 2005). 



Titan I Missile Complex 2A 
HAER No. Co-89 

Page 16 

Schriever opened the office of the WDD in Inglewood, California, in August 1954. In these 
early days, the operation maintained a low profile. Quartered in an old school building, the WDD 
had no sign out front. Military staff wore civilian clothes to keep from attracting attention.39 

Schriever would manage "the largest military development program ever undertaken by this 
nation in peacetime." In many ways comparable in scope and urgency to the Manhattan Project, 
the missile program operated in an open political atmosphere, making Schriever's job part public 
relations spokesperson and part congressional lobbyist. It is impossible to imagine Leslie Groves 
touting atomic research to numerous Rotary Club lunches, yet Schriever kept up an active 
speaking schedule. The Manhattan Project was almost completely done directly by government 
agencies, while Schriever had to mesh the Air Force staff with more than one hundred private 
contractors-the real beginnings of the military-industrial complex.40 

The WDD management team included two other cogs. First, the Air Force Air Materiel 
Command set up a special branch for ballistic missiles with extraordinary contracting fle~ibility. 
Then, Schriever brought in the Ramo-Wooldridge Corporation to perform technical and scientific 
analysis and systems engineering-in short, writing the specifications for contractors. The 
number of Ramo-Wooldridge staff members assigned to assist the WDD on the ICBM project 
started with 170 at the beginning of 1954 and grew to 5,182 by the end of 1960.41 

The pieces were now in place for construction and deployment of intercontinental ballistic 
missiles within six years. Still, the dramatic pace of change in rocketry often overwhelmed the 
public's understanding. Newsweek, a good bellwether of national views, declared in 1955, "No 
one really knows what the intercontinental ballistic missile will look like or how it will work." 
One member of the early development team noted, "In those days, you would get people off the 
street, say you want them to build a missile, and they would say, 'What's a missile?",42 

Understanding that this was a common question, General Schriever often began his speeches 
with the answer. 

A ballistic missile is a space rocket. It consist of a nose cone which houses a nuclear warhead, a 

guidance system which puts it on the right path to the target, an airframe which forms the missile 

body and holds the fuel and liquid oxygen, and finally a propulsion system which provides the 

power to drive the missile into space. A ballistic missile is launched vertically. It rises and leaves 

the earth's atmosphere. Final guidance is established so that it will reach a predetermined target 

with accurate precision. Then the engines are shut off and dropped. The missile nose cone then 

follows a ballistic trajectory to its destination on the other side of the earth. It travels at speeds in 

the neighborhood of 15,000 mph and reaches an altitude exceeding 500 miles. 

39 Schwiebert, A History of the U.S. Air Force Ballistic Missiles, 79-80; Roy Neal, Ace in the Hole (Garden City, 
N.Y.: Doubleday & Company, 1962), 64-65. 
40 Bernard A. Schriever, Major General, address, Rotary Club of San Antonio, Texas, 21 June 1957. USAF 
Research Center, Maxwell Air Force Base, Alabama. 
41 Schwiebert, A History of the U.S. Air Force Ballistic Missiles, 90; Warren E. Greene, The Development of the 
SM-68 Titan (Historical Office, Deputy Commander for Aerospace Systems, August 1962), 6-7. 
42 "Push-Button Defense?" Newsweek 45 (2 May 1955): 27; A Martin Company history attributes the comment 
to Beal Teague; see Martin Marietta Aerospace: 30 Years of Progress (Denver: The Martin Company, 1986), 
n.p. 
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Still, as Schriever noted, "By old standards these are fantastical weapons." It was now his task 
to direct the program that made fantasy into reality.43 

The Killian Report 

In the fall of 1954, President Eisenhower established the Technological Capabilities Panel of the 
Science Advisory Committee, Office of Defense Management, to conduct an in-depth study of 
the nation's then-current defense measures. The committee, chaired by James R. Killian, 
forwarded its report to the President on 14 February 1955. The Killian report urged the President 
and the National Security Council to assign Project Atlas the highest national priority. At the same 
time, the panel recommended that a 1,500-mile intermediate range ballistic missile (IRBM) be 
developed concurrently with the Atlas ICBM. 44 

While President Eisenhower was studying the recommendations of the Killian Report, he 
received a letter, dated 30 June 1955, from Senators Clinton P. Anderson (D-New Mexi~o) and 
Henry M. Jackson (D-Washington), respective chairmen of the Joint Congressional Committee on 
Atomic Energy and its Subcommittee on Military Applications. The letter warned Eisenhower of 
the potential for a "nuclear Pearl Harbor," they described the ICBM as the "ultimate weapon" 
with "no effective defense ... foreseeable." With the U.S. program on a "peace-time footing," the 
Soviets "may be ahead" and if Moscow won the "race for the ICBM," it could "cause a 
tremendous upsurge in neutralist thinking among our allies," with Europe even falling "victim to 
atomic blackmail." Anderson and Jackson recommended a presidential directive "singling out the 
ICBM as the most important project in our entire defense effort" to take it off its current "peace
time footing" and place it instead on a "crash basis.',45 

The combination of the Killian Report and Congressional pressure proved effective, on 8 
September 1955 President Eisenhower assigned the highest national priority to the Air Force 
ICBM development program, designating it as "a program of the highest priority above all 
others" and directing the Defense Department to meet that goal "with all practical speed." 

The Decision to Build Titan 

As the program began, the Atlas missile stood alone as the sole intercontinental ballistic missile, 
although work was also ongoing on short-range missiles such as the Thor and Jupiter. Following 
the establishment of the WDD, the Air Force awarded the first contract for Atlas Weapon System 
107A-1 to the Convair Division of the General Dynamics Corporation. Atlas was to have a range 
of 5,500 nautical miles, two booster engines of 150,000 pounds thrust each at sea level, one 

43 Bernard A. Schriever, Major General, address, Rotary Club of San Antonio, Texas, 21 June 1957. USAF 
Research Center, Maxwell Air Force Base, Alabama. 
44 Goodpaster memorandum to Secretary of Defense, 1 July 1955 [00543]. For discussion of intelligence reports 
on Soviet ICBM activity during 1955, see MSW, 198-99. See Steven Zaloga, Target America: The Soviet Union 
and the Strategic Arms Race, 1945-1964 (Novato, Calif.: Presidio, 1993), for a detailed account of Soviet missile 
developments. 
45 U.S. State Department, FRUS 1955-1957, 19:115, 121; MSW, 200, 776; SAC Missile Chronology, 10; 
Rosenberg, "Origins of Overkill," 148-49; Goodpaster memorandum to Secretary of Defense, 1 July 1955, 
enclosing "Findings and Recommendations Concerning the Intercontinental Ballistic Missile" [00543]; 
Eisenhower to Anderson and Jackson, 13 September 1955 [00544]. Also see Neufeld, Ballistic Missiles, 133-43. 
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sustainer engine of 57,000 pounds thrust, and two smaller vernier engines of 1,000 pounds thrust 
each for roll control and final guidance corrections. 

The Atlas used pressure stabilization for its propellant tank, with an extremely thin stainless
steel skin that was lightweight but not self-supporting. Less than the thickness of a dime, the 
single tank housed both the RP-1 (Rocket Propellant-I, a high-purity hydrocarbon fuel similar to 
kerosene) and liquid oxygen propellants separated by a common bulkhead. When the propellant 
tanks were not loaded with fluid, structural integrity was maintained using compressed helium.46 

The one-and-a-half stage engine was designed and fabricated by the Rocketdyne Division of the 
North American Aviation Company. All engines ignited prior to liftoff. The booster engines were 
jettisoned after about two minutes of flight, and the sustainer and vernier engines, along with the 
entire propellant tank.age, continued in flight until reentry vehicle separation. Since no propellant 
tank.age was jettisoned with the booster engines, the booster stage was considered a half stage.47 

While range is listed at 5,500 nautical miles, Atlas D weighed 262,000 to 265,000 pounds at 
liftoff. Length varied slightly with the reentry vehicle payload dimensions, ranging from 75.1 feet 
to 82.5 feet. The principal diameter was 10 feet, tapering to a 5-foot diameter at the forward end 
of the liquid oxygen tank. Thrust at liftoff was 360,000 pounds.48 

Bernard Schriever introduced the managerial approach of concurrency to the missile program. 
Rather than a careful stepping stone approach, where parts were tested extensively before use in a 
subsystem, concurrency meant that multiple parts or subsystems might be tested at multiple 
levels. At any given time, research, design, test facility design, testing, production facility design 
and production might be underway. Missile launch sites, for example, would be under 
construction before flight testing had been completed. This approach pushed the program along at 
breakneck speed, as Schriever intended, although it also led to lost time and expenditures due to 
late change orders as the project moved toward completion.49 

Schriever believed that this approach would create competition for Convair, the prime 
contractor of the Atlas missile. Moreover, Schriever believed that the twin track approach would 
also encourage the development of alternate technologies. As one configuration or system proved 
superior, it could be quickly incorporated into other systems. He wrote, "It is possible that such an 
approach might provide a design substantially superior with the availability of future component 
development and thus would provide a chance for great advancement even with a late start. In 

46 R. E. Martin, "The Atlas and Centaur 'Steel Balloon' Tanks, A Legacy of Karel Bossart," 40th International 
Astronautical Congress Paper IAA-89-738, Malaga, Spain, October 7-13,1989. 
47 R. A. Smith and H. M. Minami, "History of the Atlas Engines," in History of Liquid Rocket Engine 
Development in the United States 1955-1980, ed. S. E. Doyle (AAS History Series, San Diego: American 
Astronautical Society, 1992), Vol. 13, 54-56, 63. 
48 F. X. Ruggiero, "Missileers' Heritage, Report 2065-81," 19-23, (Air Command and Staff College, Air 
University, Maxwell AFB, Alabama, 1981); Convair press release for 20 May 1960 Atlas D launch, courtesy of 
Richard E. Martin; Hansen, 107. 
49 See Maj. Gen. 0. J. Ritland, "Concurrency," Air University Quarterly Review, XII (Winter-Spring 1960-61 ). 
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line with this thinking, it is presently believed that the second design should be oriented around 
greater technical risks which might offer dramatic payoffs."50 

The key to concurrency was the development of a distinctly different missile system, using a 
whole new set of contractors. In January 1955 the Air Force accepted the Western Development 
Division's recommendation-supported by the von Neumann committee--that a second ballistic 
missile be developed. The new ICBM would use many of the same subsystems, but would be of 
an entirely different design and would have a significantly greater range and payload capacity. In 
addition, the Air Force determined that this new missile should be transportable overland by truck 
and thereby eliminate many of the logistics bottlenecks encountered in the Atlas program.51 

On 28 April 1955 Secretary of the Air Force Harold E. Talbott approved the concept. Less than 
three weeks later, on 6 May 1955, the Air Materiel Command solicited proposals from Bell 
Aircraft, Douglas Aircraft Company, General Electric, Martin Company, and Lockheed Aircraft 
Company for the new missile, known as WS 107A-2. It would be, according to AF General 
Operational Requirement Document 104 (SA-lC-1), a weapon system "capable of launching 
missiles from bases within the continental United States carrying thermonuclear warheads with a 
desired weight of 3,000 pounds to ranges of 5,000 nautical miles with a circular error probable of 
five nautical miles or less and must have the capability to strike a retaliatory blow against any 
attacking enemy in a minimum amount of time. "52 

A few weeks later, the ARDC requested proposals from a small group of carefully vetted · 
contractors, including Bell Aircraft, Douglas Aircr;;ift, General Electric, Lockheed, and the Glenn 
L. Martin Company. Only Lockheed, Douglas Aircraft, and the Glenn L. Martin Company 
responded. 53 

In mid-September the WDD's Contractor Evaluation Board presented their evaluation of the 
proposals. After analyzing each contractor's plans for management support, design, testing, and 
quality control, the report recommended "the immediate selection of the Glenn L. Martin 
Company [for the] development contract." The Air Force Chief of Staff approved the 

50 Quoted in W. E. Greene, The Development of the SM-68 Titan, AFSC Historical Publications Series 62-23-1 
(Wright-Patterson Air Force Base, Ohio: AFSC, 1962, 11-12. 
51 W. E. Greene, The Development of the SM-68 Titan, 11-12; Bruno W. Augenstein, A Revised Development 
Program for Ballistic Missiles of Intercontinental Range, RAND Corp. Special Memorandum 21 (Santa Monica, 
California: RAND, 1954), 1-38; Jacob Neufeld, Ballistic Missiles, 114-16, 120, 129. The Atlas missile, thin
skinned and built as a one-stage rocket, was transported on a specially designed truck trailer, designed by 
Goodyear Aircraft Corporation. It required two "back-seat" drivers to maneuver the vehicle around turns. 
52 Quoted in "Semi-Staff Study on Titan ICBM, 20 July 1960," n.p. Air Force Material Command Historical 
Archives, Wright-Patterson Air Force Base, Ohio. 
53 According to a 1955 memorandum written by WDD Deputy Commander Colonel Charles H. Terhune, Jr., the 
short list included Convair, North American Aviation, Boeing, Douglas, Lockheed, Bell, Hughes, and the Glenn 
L. Martin Company. See Colonel Charles H. Terhune, Jr. to Lt. General T. S. Power, Commander ARDC, 31 
January 1955. HRA K243.012-57, September 1955-February 1961, ICBM 2-14-2, Contractor Relations, Vol. 7. 
Brigadier General B. A. Schriever, Memorandum for the Record, August 1955, HRA K243.012-57, September 
1955-February 1961, ICBM 2-14-2, Contractor Relations, Vol. 7; quoted in Alfred Rockefeller, Jr., Brief 
History, Air Force Ballistic Development, 1946-1950 (Los Angeles: Office of the Historian, Air Force Ballistic 
Missile Division, undated), 2. 
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recommendation in early October. On 27 October 1955 the Air Force signed a letter contract with 
Martin, although a final contract would not be signed until 22 January 1957.54 

On 6 February 1956, Martin began construction of a fabrication facility near Denver, Colorado. 
The massive complex had twenty major buildings, more than 300,000 square feet along with 
another 103,000 square feet of engineering, administration, and cafeteria space. A peak 
employment of 5,000 personnel was anticipated by 1960. By the time Martin moved its 
employees into the new edifice, the WDD, Ramo-Wooldridge, and Martin engineers had settled 
on the principal design elements of the new missile, now officially dubbed "Titan."55 

The Titan I Missile 
The Martin Company, Denver Division, constructed the Titan I missile airframe. Its design was 

substantially different from that of the Atlas. The initial plan called for a two-stage missile, 
standing ninety-eight feet high and weighing 22,000 pounds when fully fueled. Its two propulsion 
stages were stacked one on top of the other, and supported a re-entry vehicle carrying -a four
megaton thermonuclear warhead. Each stage consisted of two cylindrical tanks ( one for fuel, the 
other for oxidizer) linked together by simple sheet-metal fairings. The fairings housed engine 
support structures and a complex array of hydraulic, pneumatic, and electrical equipment.56 

The Atlas missile's thin skin sharply limited the weight that it would support, virtually 
eliminating a second stage. The Titan I airframe was fabricated from 2014 aluminum, a high
strength alloy consisting of copper and aluminum. Known to be extremely difficult to weld, the 
Baltimore Division of Martin Company developed a tungsten inert gas welding process for use in 
fabrication with the 2014 alloy. 57 

The panels were attached to a framework of ring-like internal supports, including the structural 
members in the propellant tank walls. This structural system ensured that the Titan, unlike the 
Atlas, would be able to hold itself up without the aid of internal pressurization. 

Propulsion. Aerojet-General Corporation. 
The propulsion system was at the heart of the missile. For the Titan system, the Ballistic Missile 

Office selected Aerojet General as primary contractor. It used two first-stage thrust chambers 
totaling 300,000 pounds thrust at sea level for 140 seconds of flight. After this booster engine 

54 "Report of the Contractor Evaluation Board, Alternate WS 107A Airframe," 14 September 1955, HRA 
K243.012-57, September 1955-February 1961, ICBM 2-14-2, Contractor Relations, Vol. 7. John T. Greenwood, 
"The Air Force Ballistic Missile and Space Program (1954-1974)," Aerospace Historian 21 (Winter 1974), 194; 
David K. Stumpf, Titan II: A History of a Cold War Missile Program (Fayetteville: University of Arkansas 
Press, 2000), 15-16. 
55 See Historic American Engineering Record, Glenn L. Martin Company, Titan Missile Test Facilities, HAER 
Number C0-75, Hess Roise and Company. H. T. Simmons, "Martin's Titan Project," Missiles and Rockets, 
October 1956, 20. W. B Harwood, Raise Heaven and Earth (Simon and Schuster, 1993), 300-306. Weston Price, 
"History: AFPRO-The Martin Plant," Air Force Historical Research Agency, Maxwell Air Force Base, 
Alabama (hereafter referred to as AFHRA). 
56 For a concise summary of the Titan I's specifications, see "Titan I (SM-68)," n.d. available from AFHRA, 
Maxwell AFB. An excellent description of the airframe may be found in Russell Hawkes, "Martin Proposes 
Improved Titan System," Aviation Week 72 (11 January 1960): 56-59. 
57 Vernon Selby, personal interview and correspondence, June 1996. Quoted in Stumpf, 17. 



Titan I Missile Complex 2A 
HAER No. Co-89 

Page 21 

burned out, a set of explosive connecting bolts detonated automatically, releasing the first stage. 
The eight-foot diameter second-stage and its deadly payload would then continue the journey, 
powered by a single-nozzle sustainer engine capable of 80,000 pounds thrust with 155 seconds of 
flight. As with Atlas, these engines used liquid oxygen (LOX) and RP-1 ( essentially kerosene) as 
propellants. 58 

Engine tests began in mid-1956, with the first full duration firing taking place in March 1957. 
The first research and development engine was delivered to Martin Company for mating tests in 
November 1957. LR87-AJ-3 and LR91-AJ-3 series configuration work began in March 1959, and 
these engines were flight tested 13 May 1960.59 

Guidance System: Bell Telephone Laboratories 
The Titan's intended range was at least 5,500 nautical miles, steered to its target by a radio

inertial guidance system. The system was developed by Bell Telephone Laboratories with a heavy 
reliance on a Remington Rand Univac computer named "Athena." This computer was quite large, 
consisting often cabinets plus a console, filling most of the 10' x 30' launch control room. 

Immediately following launch, the missile's autopilot flew the missile, using inputs from a two
gyro inertial platform for the first minute of flight through pitch-over (and roll if needed), and 
subsequently using inputs from the inertial platform modified by pitch, roll, and yaw commands 
received from the ground guidance system. Once clear of the atmosphere, the first stage ran out of 
fuel, explosive bolts fired, two separation rockets fired to separate the stages, and the second 
stage motor and vernier nozzles fired. The second stage motor had a fixed mount, so steering was 
accomplished by four small swiveled verniers. Ground guidance sent second stage and vernier 
shutdown commands about 500 to 600 miles down-range. Then, if the missile was within the 
programmed "box" in space, ground guidance pre-armed the warhead and terminated 
communication. 60 

Nosecone: Avco 
The ICBM was a space vehicle, exiting the earth's atmosphere before returning to hit its target. 

The warhead, then, had to be constructed to withstand the enormous pressure of high speed and 
the tremendous heat generated on reentry into the atmosphere. It quickly evolved from a sharp
pointed nose cone into a blunt-shaped configuration, generally using copper. Both the Thor 
intermediate range ballistic missile and the first squadron of the Atlas D initially used the Mark 2 
blunt, copper heat sink RV, with a W-49, 4 megaton warhead. 

Research advanced rapidly, however, leading to the use of ablative material that slowly burned 
away during reentry. Combined with changes in shape, the new technology proved much lighter 
and more accurate than the heavy, copper heat sink design. It was introduced on the Jupiter IR.BM 

58 M. J. Chuclick et al., "History of the Titan Liquid Rocket Engines," in History of Liquid Rocket Engine 
Development in the United States, 1955-1980. 
59 Greene, 106; L. C. Meland and F. C. Thompson, "History of Titan Liquid Rocket Engines, AIAA-89-2389," 
(AIANASME/SAE/ASEE 25th Joint Propulsion Conference, Monterey, California, July 10-12, 1989) p.2. 
60 Gary A. Hoselton, "The Titan I Guidance System," Association of Air Force Missileers, 6 (March 1998) 4-8; 
Greene, 114; For an excellent book on the development of inertial guidance, the reader is directed to Donald 
MacKenzie, Inventing Accuracy: An Historical Sociology of Nuclear Missile Guidance (Cambridge, Mass.: MIT 
Press, 1990). 
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and three Atlas D squadrons. The Titan I used the newer AVCO Mark 4 ablative RV with the four
megaton W-38 warhead, or in some cases with the Titan I, the W-49 warhead.61 

Site location and construction 

In late 1956, as research and development of the Titan moved forward, the Air Force needed to 
determine the number of missiles to construct, where to deploy them, and the configuration of the 
launch facilities. 

As a first step, the Air Force decided to place the new missile complexes near existing bases 
because they could rely on existing support staff and buildings. A few questions were raised. At a 
Senate hearing, Senator Henry M. Jackson asked Secretary of Defense Thomas Gates whether 
this detracted from survivability-the Russians might target an Air Force base and decapitate the 
surrounding missile sites. Gates responded that the decision was made for "economy and 
efficiency. "62 

The selection of specific bases then became the principal issues. It had become general policy to 
build new military installations inland. Initially, it was a reaction to the large installations that 
sprang up in California during World War II. With the development of submarine-based launch 
systems, however, the Air Force feared a Soviet attack from the Pacific Ocean. How far inland 
remained the issue and this was determined by the 4,500 mile range of the Titan I missile. 63 

Other criteria included soil characteristics suitable for construction, climatic conditions 
permitting all-weather operations, and a minimum of electrical interference. In the end, the Air 
Force selected five bases: two squadrons at Lowry Air Force Base near Denver, Colorado, and 
single squadrons at Mountain Home AFB, near Mountain Home, Idaho; Larson AFB, near Moses 
Lake, Washington; Beale AFB, near Sacramento, California; and Ellsworth AFB, near Rapid City, 
South Dakota. In addition, a Operational Suitability Test Facility (OSTF) and training complex 
would be built at Camp Cooke, north of Santa Barbara, California, soon to be renamed as 
Vandenberg Air Force Base.64 

Lowry Air Force Base, just east of Denver, was the perfect candidate due to its close 
approximation to the Martin plant in Littleton. In addition, Lowry had a large open tract of land to 
the east, used for a bombing range. It was the first base selected, with the public announcement 
coming on 17 January 1958.65 

61 Charles Simpson, "The Pointy End: Missile Reentry Vehicles and Warheads," Association of Air Force 
Missileers Newsletter, 8 (September 2001), 1,6-8. 
62 U.S. Congress. Senate. Committee on Armed Service in Conjunction with the Committee on Aeronautical and 
Space Sciences. Subcommittee on Preparedness Investigating. Missiles, Space, and Other Major Defense 
Matters, Hearings. 86 Congress, 2 sess. (GPO, 1960), 505-506. 
63 Neufeld, Ballistic Missiles, 114-16,120,129. 
64 General Thomas S. Power, "SAC and the Ballistic Missile," Air University Quarterly, 9 (Winter 1957-58), 27. 
The Vandenberg Titan I sites remained training facilities but were not placed on alert except for a brief time 
around the Cuban Missile Crisis. They were not included in force counts. 
65 USAF, Air Force Systems Command. Site Activation Chronology: Atlas E and Titan I Sites from Site 
Selection to December 1960, Vol. I. Andrews AFB, Maryland: Deputy Commander for Aeropace Systems, 
March 1962. 
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The Air Force had not made the final decision about specific deployment configurations, 
although following the recommendations of the Gaither Report, the Air Force required that the 
sites be dispersed so that a ten-megaton burst would not destroy neighboring facilities. Generally, 
plans went ahead with the intention to build one command center for a deployment of nine or ten 
missiles. Then on 18 July 1958, Schriever's team sent a recommendation to change the 
disposition of a Titan squadron from the 1 X 9 configuration to a 3 X 3 arrangement, and 
approved the plan that would divide a squadron into three complexes, each having three 
launchers. 

A month later, the staff completed a study on the physical separation of Titan launch 
emplacements. If the launchers were arranged in an equilateral triangle, the best separation 
distance between complexes was seventeen miles "and is probably independent of cost." If the 
launchers were in a straight line-a less vulnerable and less costly configuration than the 
triangular placement -- they could be as close as twelve nautical miles. 

Hardening the site 

One of the most important decisions can be traced to the new debate about "survivability." 
Albert Wohlstetter's influential study of the Strategic Air Command vulnerability argued that 
SAC would not maintain sufficient second-strike capability in the event of a surprise Soviet 
attack. He recommended dispersal of military forces, which would multiply the number of targets 
that the Soviets would need to hit. Among Wohlstetter's recommendations were that SAC shift its 
long-range bombers to bases in North America rather than overseas, and that a portion of the 
force be kept on alert status at all times. He also argued for that bases should be hardened to 
increase survivability-literally that hangars and command centers might be placed underground 
so that they could sustain a nuclear attack and be able to respond.66 

With this idea circulating through Air Force circles, on 3 August 1956, General Schriever 
appointed a committee to " ... formulate a WDD position on the subject." Early discussion 
centered on proposals to use mines, quarries, or excavations. Colonel 0. J. Ritland, the division's 
vice commander, in an inquiry to the Air University, described potential hard bases employing 
excavations in mountains with passageways to wheel out the missiles and launch them. 67 

Following Schriever's directive, in October 1956, Colonel William E. Leonhard, the division's 
director of installations, requested the Holmes and Narver Architect-Engineering firm to complete 
a study of hard base facilities. 

Holmes and Narver published a feasibility study on Titan hard bases on 1 July 1957. First, the 
company determined that it was feasible to build missile facilities protected against at least 100 

66 Albert J. Wohlstetter, Fred S. Hoffman, and Henry S. Rowen, Selection and Use of Strategic Air Bases, 
RAND-R66 (Santa Monica: Rand Corporation, 1954); John L. Gaddis, Strategies of Containment (New York: 
Oxford University Press, 1982), 89-127; Joint Committee on Defense Production, 94th Congress, Deterrence and 
Survival in the Nuclear Age [The Gaither Report] (Washington, D.C.: 1976), 22-23, 30-31. For an excellent · 
analysis ofWohlstetter's influence, see Gregg Herken, Counsels of War (New York: Alfred A. Knopf, 1985) and 
Fred Kaplan, The Wizards of Armageddon. 
67 Warren E. Greene, The Development of the SM-68 Titan. Historical Office, Deputy Commander for Aeropace 
Systems, Air Force Systems Command, August 1962, 
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pounds per square inch overpressure, supported by their design and construction experiments at 
the Nevada Test Site and the Eniwetok Proving Grounds. "Please bear in mind, therefore," the 
company's project manager wrote, "that this feasibility study is not mere theorizing in a new and 
untried field, but is based on lengthy experience in actual design and construction." 

The study considered five possible configurations for protecting Titan missiles. These were: (1) 
horizontal rollout, with the missile stored in a mine-like tunnel ready to be rolled out and erected 
for launch; (2) vertical rollout, with the missile stored in a vertical vault against the side of a hill 
ready for roll out already in an erect posture ready for launch; (3) coffin, with the missile 
horizontal under a protective slab which rolled aside allowing the missile to be raised and 
launched; ( 4) silo-lift, with the missile resting at the bottom of a covered hole or "silo," until the 
doors were removed and it could be raised to the surface on an elevator for launch; and (5) silo
launch, with the missile resting inside a capped hole waiting for the doors to be moved aside so it 
could be launched from the bottom of the silo. 

Ultimately, the final option was chosen, making it quite distinct from the competing Atlas 
missile, which was to be stored horizontally in underground, but nonhardened, "coffins" and 
raised by a gantry to the vertical launch position. 

Holmes and Narver interviewed eleven contractors, ultimately selecting the American Machine 
and Foundry Company (AMF) as the primary contractor for the launcher in February 1958. Three 
months later, Deputy Secretary of Defense Donald A. Quarles officially approved the construction 
of the first four Titan squadrons in a configuration providing 100 pounds per square inch 
overpressure protection; he pointed out that later facilities should cost less than the first four. He 
also cautioned that his approval for hardening covered "only ... those four squadrons. 68 

There were two objections to the hardened, underground sites. Admiral E. Peter Aurand, naval 
aide to President Eisenhower from 1957 to 1961, visited Vandenberg Air Force Base to inspect its 
new underground silo. He wrote the president, 

The thought struck me that maybe we are about to build a "Missile Maginot Line." If the 

underground or hardened Atlas and Titan site are an expedient until something better can be 

developed, that is one thing, but if they become a precedent, I feel it will be a mistake. For 147 

years the Armed Forces of the United States have fortunately, if not commendably, succeeded in 

keeping the battlefield off the continental U.S. Perhaps to do so in the future is not wholly 

possible, but if the primary location of our deterrent force is to continue to be in the heart of the 

U.S., we are then deliberately planning to place the population of our country in the front line of 

any future all-out war. We will give the enemy an excuse for striking at civilians which all nations 

will accept as moral, and in military terms, we give him two targets for one shot.69 

Apart from the strategic questions raised by_Aurand, it also dramatically increased the cost and 
complicated construction schedules. A hardened base cost $25 million more to construct than soft 

68 ''Titan Base Funds OK'd," Lincoln Evening Journal, 6 February 1959, 7. 
69 Memorandum for the President, 21 April 1959, E. P. Aurand, National Security Archive. The Maginot Line, 
named after French minister of defense Andre Maginot, was a line of concrete fortifications, machine gun posts, 
and other defenses that France constructed along its borders with Germany after World War I. Impressive in 
construction, it was almost completely ineffective during the 1940 German invasion. 
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bases and $14 million more than semihardened ones. 70 Secretary of Defense McElroy wrote that 
"the information that has been made available to me indicates that the construction costs alone 
have almost doubled" because of hardening and dispersal. 71 The administration estimated the 
costs of deploying nine Titan missiles to be $122 million-$ I 02 million for construction of the 
bases alone. 72 

Concerned about these escalating costs, President Eisenhower considered a comprehensive 
reorganization of the ballistic missile program. 73 He expressed an interest in reducing the costs of 
missiles, even if it meant increasing reaction time. He warned of the effects of unrestrained 
weapon programs and "cautioned against a situation whereby we tend to take the sum total of 
everybody's optimum requirements and thereby break ourselves."74 

The Missile Gap 

Two events in the fall of 1957 catapulted the ICBM program into a place of highest pri9rity in 
the America's defense plans. On 4 October 1957 the Soviet Union placed a satellite-named 
Sputnik-into orbit around the earth, using a liquid-fueled ballistic missile. It sent ripples of 
shock through America. Not only had the Russians shown technological superiority in space, but 
it was now clear they possessed a rocket that could deliver a nuclear warhead on a site in the 
continental United States. As if to confirm to the world that the first launch was not a gimmick, a 
few weeks later, the Soviets launched Sputnik II, carrying a live dog into space.75 

The day after the second launch, the Security Resources Panel of the Office of Defense 
Mobilization-Science Advisory Committee, chaired by H. Rowan Gaither, delivered a report to 
President Eisenhower. Given the new advances in Soviet weapons and delivery systems, the panel 
concluded that active and passive defenses provided "no significant protection"; "the protection 
of the United States and its population rests, therefore, primarily upon the deterrence provided by 

70 Ballistic Missiles Panel to James Killian, memorandum, 18 July 1958; Goodpaster MCP [on 4 August 1958], 4 
August 1958, DDQC, 19751155A; McElroy to Eisenhower, letter, 3 December 1958, DDQC, 1978/47C. 
71 "Ballistic Missiles-A History," January 1960, in Missiles (5) folder, Eisenhower Presidential Papers, Who
Osst, Ddel; McElroy to James Douglas, memorandum, 24 June 1959, "Subject: Cost of ICBM Construction," in 
June 1959 folder, Nuclear History series, National Security Archive. According to Kistiakowsky, increasing base 
construction costs are "an unavoidable consequence of the requirement to have a 15 minute response time. 
Unfortunately, nothing much in the way of simplicity is gained by changing from 15 minutes to, say, 20-25 
minutes. To simplify base design drastically one needs to go to manual operations, and that probably mean 1 to 2 
hours response time." Kistiakowsky to Eisenhower, memorandum, 4 August 1959. 
72 Jesse Mitchell, "Management problems," 14 May 1959 in OD (6) folder, Eisenhower Presidential Papers, 
White House Office. 
73 Gray, MMP [on Friday, 21 August 1959], 24 August 1959, in Meetings with the President, June-December 
1959 ( 4) folder, Special Assistant series, Presidential subseries, White House Office. 
74 President Eisenhower told Kistiakowsky that "it is possible that our philosophy of high reliability of missiles is 
not right ... it would perhaps be better to produce cheaper missiles and cheaper dispersed and hidden bases with 
a much lower level ofreliability then (sic) we now demand." John Eisenhower memo, 4 August 1959 in August 
1959 folder, Nuclear History series, National Security Archive. President Eisenhower's son, John, was assistant 
staff secretary to his father, and sat in on the meeting. 
75 "Russia's Moon," Wall Street Journal, 7 October 1957. Subsequent references to this publication will be 
identified by the abbreviation WSJ. 
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SAC [Strategic Air Command]." Its recommendations included (1) "highest priority measures," 
which sought to reduce SAC vulnerability and increase striking capability, and (2) "less than 
highest priority measures," which addressed passive and active defenses. The ICBM program was 
among those targeted by the commission for increased support, recommending an increase in the 
number of Atlas and Titan ICBMs deployed from 80 to 600, and making them operable by 1959. 
Cumulatively, the Gaither panel's recommendations required increasing defense expenditures by 
$44.22 billion over the next five years: $19.09 billion for highest priority measures and $25.13 
billion for the other measures.76 

Although the Gaither Report was not made public, its basic points found their way into the 
newspapers, with the Washington Post declaring, "Enormous Arms Outlay Is Held Vital to 
Survival." The article declared, in ominous language, "It pictures the nation moving in 
frightening course to the status of second-class power. It shows an America exposed to almost 
immediate threat from the missile-bristling Soviet Union." Further inflaming American public 
opinion, Soviet premier Nikita Khrushchev publicly boasted that their factories were turning out 
missiles "like sausages."77 

Was the United States now vulnerable to a Soviet attack? Only weeks after the Gaither report, 
the Central Intelligence Agency completed its first post-Sputnik assessment of Soviet missile 
programs. The National Intelligence Estimate, in a report on 12 November 1957, stated that the 
Soviet Union could have 500 operational ICBMs by the end of 1962. The United States would 
have only twenty-four Atlas missiles by 1960 and only sixty-five by 1961. When translated into 
politics, it became defined as the "missile gap."78 

President Eisenhower, who had carefully crafted a tight defense budget, suddenly faced 
enormous public pressure to spend vast sums more for defense. The president believed that 
already planned military programs would be adequate, saying in private, "How many times do we 
have to destroy Russia?" Secretary of State Dulles agreed, stating, "In the field of military 
capabilities, enough was enough. If we didn't realize this fact, the time will come when all our 
national production would be centered on our military establishment." 79 

The firestorm of public criticism continued, fueled by congressional hearings that highlighted 
the findings of the Gaither Report. A Wall Street Journal editorial, only a few weeks after 
Sputnik, argued that U.S. missile had weaknesses "so profound that ... generals are sure [the 
missiles] will be discarded altogether after the first half-dozen years." Consequently, instead of 
being "stable weapons in a state of permanent readiness," these early ICBMs would "require the 

76 For a recent introduction to the effect of Sputnik and the Gaither Report, see Peter J. Roman, Eisenhower and 
the Missile Gap (Ithaca, N.Y.: Cornell University Press, 1995). Security Resources Panel of ODM-SAC, 
Deterrence and Survival in the Nuclear Age (hereafter referred to as the Gaither report), U.S. Cong. Joint 
Committee on Defense Production, 94th Cong., 2d sess. (Washington, D.C.: GPO, 1976), 16. See 
77 David L. Snead. The Gaither Committee, Eisenhower, and the Cold War (Columbus: Ohio State University 
Press, 1999); Washington Post, 20 December 1957. 
78 As Rutgers University political scientist Roy Licklider has correctly observed, these estimates were based 
more on fear than on fact, for "the missile gap ... never developed." See Roy Licklider, "The Missile Gap 
Controversy," Political Science Quarterly 85 (December 1979): 601, 605; John Prados, The Soviet Estimate 
(New York: Dial Press, 1982): 77. 
79 Prados, The Soviet Estimate, 77. 
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desperate and constant attention accorded a man receiving artificial respiration. A missile unit will 
be no pushbutton affair but will require a highly-trained crew ... several times as large as the 
largest bombing crew. "80 

In response, the Eisenhower administration undertook one more round of evaluations. The 
president repeatedly questioned his cabinet and staff as to whether the nation needed both 
ICBMs, complaining, "You [ can] not win if you [persist] in putting your money on all the colors 
of the wheel." He assigned his science advisor, James Killian, to carefully look at the overlapping 
Atlas and Titan missile systems. In a memo to President Eisenhower, Killian advised: 

From the technical and eventually the operational point of view . . . Titan will be distinctly 

superior. The Atlas is a stage-and-a-half missile, the major part of the engine (without fuel tanks) 

being jettisoned after most of the propellants have bean consumed. The engine separation has not 

been tried out in flight and may prove to be a difficult problem to solve. The design of this missile 

is such that it can fly a 5500 mile range only if great care is taken to reduce structural weight. The 

booster engine of Atlas was originally designed for lower thrust and was subsequently upgraded to 

300,000 lbs. There is probably little margin for further upgrading. Atlas has radio-inertial 

guidance, complex, costly, and difficult operationally. The design of the Atlas does not allow the 

carrying of more than ca. 9300 lbs payload instead of the nose cone and therefore Atlas is not 

especially suitable for advanced space missions. 

Titan is a true two-stage missile and, although its air frame design is more rugged than is that of 

Atlas; it should easily have the 5500 mile range. It has already been demonstrated that the rated 

thrust of the Titan booster engine, 300,000 lbs, can be increased approximately 30%. It is a more 

modem engine, the design of which benefited from some of the experience with the Atlas engine. 

Titan should have the capability oflifting large weights instead of the nose cone, because of its air 

frame construction. Its all-inertial guidance makes it suitable for underground hardened bases. Its 

least certain and still-to-be proven design feature is the ignition of the second stage engine in near 

vacuum upon separation in flight. 81 

Although the Titan was clearly the better system, in the end, political and economic factors 
tipped the scale toward increased production and deployment of both missiles. 

American leaders did not learn the truth about the missile gap until the launch of its first 
reconnaissance satellite in August 1960, giving the United States the means to take detailed 
photographs of the entire Soviet Union. By mid-1961, intelligence findings concluded that the 
Soviet had four operational ICBMs with another twenty under construction. In February 1962, the 
Nikita Khrushchev received a report from his military leadership that work on the next generation 
of missiles had hit numerous setbacks. In short, there was a missile gap but with American 

• · 82 supenonty. 
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The Western Development Division, in implementing its concurrent research and development 
programs, insisted on a full testing program-early and often-beginning at the part level and 
ending with a full systems test. It was, boasted the chief of the test facilities division, "one of the 
most comprehensive test programs ever formulated for a machine."83 

The plan for testing Titan missiles called for a simple beginning and the gradual increase of 
launch complexity until the missile and all its subsystems had been proofed. The testing was 
divided into three series: Series I to test the first stage; Series II to test the second stage vehicle; 
and Series III to test the complete missile. The Series I tests featured the booster engines and a 
dummy second stage with the vehicle guided only by enough autopilot equipment to keep the 
missile stable. The Series II tests were to feature launching the second stage from the ground. 
Series III tests would combine the two stages and demonstrate their separation. Later the 
guidance system would be added, and finally the re-entry vehicle.84 

To implement the tests, the Ballistic Missile Division turned to two coastal testing ranges for 
the ballistic missile. Camp Cooke, north of Santa Barbara, California, was established in 
September 1956 and renamed Vandenberg Air Force Base in October 1958. On 16 December 
1958 Vandenberg successfully fired its first missile, a Thor IR.BM. 

On the east coast, the Air Force activated Cape Canaveral Air Force Station as a testing grounds 
in 1949. As the Titan I entered its testing phase, the latter was selected for early tests, leading to a 
major round of construction of launch sites and assembly and storage buildings. The contract was 
originally let to the MacDonald Construction Company in January 1957, but later withdrawn due 
to labor problems and handed to the Macco Company. By November 1958 the first Titan I Test 
Complex (LC-15) was ready for use with the first missile arriving on 19 November 1958. Two 
additional complexes were finished in 1959.85 

On 6 February 1959 the first Titan missile was launched from Cape Canaveral, Florida. The 
Rocky Mountain News recorded the event: 

The 90-foot Titan, designed to hurl a hydrogen warhead across the widest ocean, made a 

determined start at 2:22 p.m. Denver time and forged through a blue rift in the heavily overcast 

sky. The very fact that it blasted off smoothly meant that the test was at least 90 percent 

successful, according to sources here. 86 

The next three tests proved successful as well, leading one industry analyst to praise Titan's 
"exceptionally good early record."87 

83 "Testing a Titan," Astronautics 4 (August 1959): 26. For a thorough description of the Air Force ICBM test 
philosophy, see Edwin A. Swanke and Richard K. Jacobson, "The Ballistic Missile Test Program," Air 
University Quarterly Review 9 (Summer 1957): 108-120. 
84 Air Force Missile Test Center (AFMTC) History, 1 January-30 June 1957, 205,206. 
85 AFMTC History, 1 January-30 June 1957, 207; AFMTC History, 1 January-30 June 1958, 206; AFMTC 
History, 1 July-31 December 1958, 173, 174; AFMTC History, 1 January-30 June 1959, 244; AFMTC History, 
1 July-31 December 1959, 265. 
86 "First Mighty Titan Missile Blasts Off on Space Debut," Rocky Mountain News, 7 February 1959. 
87 "Testing a Titan," Astronautics 4 (August 1959): 26. 
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Then the program was hit with a series of failures-all within the public view-that threatened 
the very future of the Titan program. On 14 August, after hold-down bolts blew prematurely, the 
missile rose twelve feet in the air, then tumbled back onto the launch pad in flames. Throughout 
the summer, at the Martin Denver test area, other failures, though less spectacular, nagged the 
program as key components malfunctioned. On 12 December a destruct package accidentally 
closed at ignition, blowing up the missile at Cape Canaveral. 

In an article written two weeks later, Time magazine pointed out that of the approximately three 
dozen Titans produced up to that time, "five have been lost in accidents, another nine have been 
damaged, and of the nine, only two of the birds could be put back into flight condition." Other 
news stories asked whether the Titan I was "a big waste of money," warning that future tests 
"could mean life or death for Martin Company's billion dollar ICBM program."88 

Major General Osmond J. Ritland, who had taken over Schriever's post as head of the Ballistic 
Missile Division (the name of the Western Development Division had changed in J957), 
dispatched a team to Denver to investigate the program. The report back was scathing to Titan 
management, recommending a "complete and immediate suspension of test operations at 
Denver," declaring, "Essentially, Titan system management is loose and informal" with a "lack of 
direction, lack of policy guidance, incomplete procedures, and inadequate distribution of those 
procedures that exist." The primary shortcoming was Martin's failure to staff the test program 
with qualified personnel. 89 

Schriever, now head of the Air Research and Development Command, "demanded" that Martin 
"replace its management personnel with the most skilled executives" available and refused to 
award contracts to Martin for other Air Force projects.90 The scientific community supported the 
Air Force's actions; Kistiakowsky, summing up the conventional wisdom, said that Titan "has 
good design and engineering ... but ... it is a management mess."91 

The storm passed, however, when Martin Board Chairman George M. Bunker announced that 
he would move to Denver immediately ''to take personal charge of the company's Titan ICBM 
program and revamp the whole operation."92 

88 "Titan's Troubles," Time 75 (4 January 1960): 64; "Titan Missile Program Hit By Critics," The Holland, 
Michigan, Evening Sentinel, 29 January 1960. 
89 Letter from Henry Eichel, Col., USAF, to Maj. Gen. 0. J. Ritland, 27 August 1959; Report of WS 107A
Management Review Team to Commander, Air Force Ballistic Missile Division, 9 December 1959, Air Force 
Historical Research Agency; L. C. Hall, Lt. Col., USAF, to Commander, Air Force Ballistic Missile Division, 16 
December 1959; Warren E. Greene, Development of the SM-68 Titan (Norton AFB, CA: Historical Office 
Deputy Commander for Aerospace Systems, 1962), 93. 
90 Schriever to White, letter, "Titan ICBM Program," and Schriever to White, cable, December 1959, in Signed 
Memos file, White Papers, Library of Congress. 
91 The General Accounting Office investigated the Air Force's management of ICBMs in late 1959 and early 
1960 and questioned the relationship between the Air Force and the Ramo-Wooldridge/Space Technologies 
Laboratory, criticizing its privileged position. Assistant Director of the GAO Harold Rubin to Under Secretary of 
the Air Force Dudley Sharp, letter, 5 November 1959; and Comptroller General of the United States to Congress, 
"Report on Initial Phase of Review of Administrative Management of the Ballistic Missile Program of the 
Department of the Air Force," November 1959. Eisenhower Presidential Papers. 
92 Ibid. 
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As Business Week pointed out at the time, the Titan project had reached the stage where "it 
would probably be almost as expensive to cancel the program as to continue it ... So the outlook 
is for continuation of the ... program for the time being-with the Air Force breathing hard on 
George Bunker's neck to justify this decision."93 

On 2 February 1960 the next test was a complete success with the missile flying more than 
2,000 miles and delivering its nosecone to within three miles of its intended target. A series of 
successful launches throughout the spring and summer began to reassure the team that the Titan 
would perform as planned. The Titan I test program at Cape Canaveral saw the launch of forty
seven missiles with 32 fully successful, 10 partial successes, and 5 failures.94 

The primary tests moved to the Operational System Test Facility (OSTF) at Vandenberg Air 
Force Base, where the entire system could be tested. The silo was fully configured with blast 
doors, a propellant handling system, and a missile elevator system in the operational 
configuration so that operational launch procedures could be developed with the use of a missile 
airframe. The battleship airframe was made of steel and could not be launched; it served only as a 
training aid for loading and unloading propellants and for operating the missile elevator system. 

One spectacular disaster marred the program when, on a test in early December 1960, the 
missile was placed in an underground silo, simulating real conditions, fueled, raised to the surface 
for a simulated launch, then lowered back into the silo. During the elevator ride back into the silo, 
the elevator brake malfunctioned. The fueled missile fell back into the silo and exploded. Twenty
five missile crewmen in the nearby underground launch center were uninjured. 

The OSTF was damaged beyond repair. The southeast half of the silo concrete cap was 
completely destroyed, while the northwest half, weighing almost 100 tons, was tossed into the air, 
rotated 180 degrees, and came to rest where the southeast half had been. As one veteran noted, 
"The other door was never found so we claimed the world record for putting something into 
space." The top twenty to thirty feet of the silo wall was shattered, and the remaining ninety feet, 
down to within thirty feet of the bottom of the silo, was severely cracked. For many years 
afterward, enormous chunks of concrete could be seen on the low hills near the approach road to 
the Titan I facilities.95 

The official accident report said that the cause of the accident was a failed control valve in the 
elevator hydraulic system. The launch platform elevator brakes failed, sending the missile and 
launch platform to the bottom of the silo. The decision was made not to rebuild the multimillion 
dollar OSTF.96 

93 "Martin Girds for Titan Crisis," Business Week, 9 January 1960, 71. 
94 AFMTC History, 1 July-31 December 1958, 175, 176; AFMTC History, 1 January-30 June 1959, 164, 165; 
AFMTC History, 1 July-31 December 1959, 174, 175. 
95 "Dollar Loss in Millions as Titan Missile Explodes in VAFB Silo," and Lt. Col Robert E. Marsch, "Launch of 
the Blue Gander Door," in AAFM, N (January 1996), 6-9. "Incident Report, OSTF Site (Titan I) Vandenberg 
AFB, 3 December 1960,"page95. 
96 "History of the 1st Missile Division, Strategic Air Command, 1 January to 30 June 1961," K-DN-001-HI-Vol. 
1, 78. AFHRA, Maxwell AFB. 
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The first operational launch, testing the complete system with a "live" missile, took place on 23 
September 1961. Reporter Bob Considine reported the story in the effusive language reserved for 
history-making events: 

The two 40-ton steel door-like the doors of an old-fashioned storm cellar-began to unfold as 

might the wings of some prehistoric black bird. The white Titan rose from its 165-foot deep silo. 

The nearly ten-stories high missile sat still as a lone Grecian column. What sounded like the voice 

of God now boomed 'minus ten-mark' then five ... four ... three ... two ... one ... engines 

started. A blinding rush of flame, bright as the hot sun overhead, plunged from the bottom of the 

Titan. It sat there on its pad for what seemed an endless second or two, maybe three, and then 

lifted itself with regal leisure, a great dirty doughnut of sand and smoke spread out from the mouth 

of the silo. 

The observers, with their first breath, made sounds, half-shouts, half entreaties: go, go, go! Titan 

went. It climbed into the spotless blue sky with a bellowing, ground-shaking roar. It went throvgh 

the sound barrier, then through double and triple Mach and unfurled a great whipped cream train.97 

Between 1961 and 1965, nineteen additional Titan I missiles were launched from Vandenberg 
AFB as part of the operational flight test program. One significant test came on 1 May 1961, 
when the Titan I was fired from inside a silo at a special test facility. It set the stage for the next 
generation of missile-the Titan II.98 

Deployment 

Combined with the deployment of the Atlas missile, the construction phase would clearly be 
one of the most ambitious undertakings in the history of the federal government. The Army Corps 
of Engineers planned to assign the construction to its various districts, following standard 
procedures. Accordingly, the COE managed construction of the Operational Systems Test Facility 
(OSTF) at Vandenberg Air Force Base, beginning in June 1957, and, a year later, on the first 
Atlas site near F. E. Warren AFB, Wyoming. 

Following the rapid expansion of the Atlas and Titan programs in response to Sputnik, the crush 
of such a massive and rapid deployment overwhelmed the capabilities of the Corps of Engineers. 
The Air Force increased the number of Atlas squadrons from four to twelve and authorized six 
Titan I squadrons in hardened sites. On the near horizon, the second-generation missiles-Titan II 
and Minuteman missiles-would require more than a thousand new installations. Construction 
fell behind schedule.99 

In July 1959 the Corps of Engineers created a branch, the Los Angeles Field Office (LAFO) 
with headquarters within the Air Force Ballistic Missile Division office near the Los Angeles 

97 Bob Considine, "Titan Launch at VAFB," Los Angeles Examiner, 24 September 1961. 
98 AFMTC History, 1 July-31 December 1959, 37,265; 6555th Test Wing (Development) History, 21 December 
1959-31 March 1960, "Organization" and "Mission." 
99 Maj. C. D. Hargreaves, "The Historical Report of the Corps of Engineers Ballistic Missile Construction Office 
and History of the Command Section," n.d., 20 (Corps of Engineers Research Collection, Military Files XVIII-2-
2). 
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airport. However, construction was still badly snarled and Congress held hearings to investigate 
what the press dubbed "the missile mess." 100 

In response, the Corps of Engineers created a new independent division, the Corps of Engineers 
Ballistic Missile Construction Office (CEBMCO) in August 1960. The Air Force insisted on 
operational control, granted in an April 1961 agreement with the Corps, and placed the new 
division under the Air Force Command Ballistic Systems Division (BSD). In the six years from it 
inception until its closing in 1967, the office grew from a staff of twenty-seven to more than 
3,000 people managing twenty-two projects spread over seventeen states. 

Construction 

The new agency worked hand in hand with the Air Force. Following a joint review of plans and 
specifications, CEBMCO put together a bid package for contractor solicitations. That team also 
administered the contract until turned over to an Air Force Site Activation Task Force (SATAF), 
that inspected the new facility and accepted it into service.101 

A consortium known as Daniel, Mann, Johnson & Mendenhall and Associates-included such 
major architectural firms as DMJ&M, Rust Engineering Company, Leo A. Daly Co., and Mason 
& Hanger-Silas Mason Co.-was hired to complete architectural and engineering plans. These 
were developed under the direction of Col. William E. Leonhard, director of installations for 
AFBMD. Many of the nation's largest construction firms, including companies like Peter Kiewit 
and Sons, and Morrison-Knudsen, performed construction. In some cases, strong local or regional 
firms formed partnerships to win the lucrative contracts.102 

Although the entire complex was underground, it was built above-ground. (See Figures 2-7) 
The primary building sites for the command center, powerhouse, and the three silos areas, were 
excavated, while the connecting tunnels were trenched. Once construction was complete, the 
complex was backfilled with up to twenty feet of earth. Work began with the construction of haul 
and access roads to the area. The access road was typically a two-lane asphalt concrete pavement. 
Other subcontractors dug wells to provide water to the construction site. 

The silos, however, used sinking shafts (See Figure 3). Construction began with an open cut 
excavation down to a depth of sixty feet, the level of the launch control center floor; from there 
the silo was mined to its final depth, using pneumatic tools such as an air-power mucker. 
However, the soil varied between sites. At Lowry Site IA, for example, the crew encountered a 
heavy basalt under the subsurface, requiring drilling and blasting. During this operation the 
contractors supported the silo walls with steel beams, wire mesh lagging, and sprayed-on 
concrete. Air was piped down into the workspace. With the foundation in place-408 cubic yards 

100 Maj. C.D. Hargreaves, USA, "The Historical Report of the Corps of Engineers Ballistic Missile Construction 
Office and History of the Command Section," n.d. p. 20, Corps of Engineers Research Collection, Record Series 
18,box 1. 

101 Hargreaves, "The Historical Report of the Corps of Engineers Ballistic Missile Construction Office and 

History of the Command Section," 4, 24-28; "AF Group Prepares, Equips ICBM Sites," Aviation Week and 

Space Technology (25 September 1961), 150-159. 
102 "The Titan ICBM Base: Building from the Ground Down," Engineering News-Record, (10 September 1959), 
40. 
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of concrete and thirty-four tons of reinforcing steel-the silo form was constructed using a 
continuous pour slip mold to a thickness of eighteen inches in most sections. 

Unlike the Atlas's fueling system, which was fabricated offsite and brought on skids to the 
installation, the Titan underground system had to be built onsite. This proved to be a tremendous 
task since the liquid oxygen required immaculate cleanliness. 

Work was conducted simultaneously on all six sites. Since they were generally remote 
locations, contractors often had a difficult time finding skilled laborers such as welders, and 
instrument fitters, despite the high wages. Tensions developed between the contractors and 
unions, given the premium placed on a fast-paced construction schedule. At other times 
construction was delayed by shortages of key materials, in part attributable to the 1959 
nationwide steelworkers' strike. 

Within days of the formal transfer of the Lowry complexes to the Air Force in August 1961, 
disaster struck when the 102-ton door accidentally slammed shut, killing five workers and 
injuring eight others. Then, on 24 May 1962, during a contractor checkout, a terrific blast rocked 
launcher 1 at complex 4C at Beale Air force Base, destroying a Titan I and causing heavy damage 
to the silo. After the investigation, the Air Force concluded that the two separate explosions 
occurred because of a blocked vent and blocked valve. On June 6, trouble again struck as a flash 
fire at another silo killed a worker. Subsequently, Peter Kiewit Sons' Company received a contract 
signed on July 30, 1962, for an initial amount of $1,250,000 to repair the silo damaged in the May 
blast.103 

The construction process was difficult as specifications changed on the fly without altering the 
projected completion date. Construction of the missile launch facilities concurrently with the 
development and testing of the missiles, coupled with relatively inflexible dates for completion of 
the launch sites, resulted in tremendous increases in cost. Comparison of initial Air Force cost 
estimates of $882.1 million for construction of these sites with Corps of Engineer estimates of 
$1,321.2 million as of January 31, 1962, shows substantial increases in the estimated cost of the 
construction program, as summarized below: 

Site 

Lowry 
Ellsworth 
Beale 
Larson 
Mountain Home 

Table 1: Construction Costs 

AF initial COE Increase 
estimate estimate 

91.9 123.3 31.4 
42.7 66.7 24.0 
41.1 68 26.9 
43.3 66.5 23.2 

46.1 66.6 20.5 

Percentage 
ofincrease 

34.2 
56.2 
65.4 
53.6 
44.5 

A post-construction study by the Comptroller General of the United States sharply criticized the 
contracting process, stated, "The initial specifications provided by the Air Force were incomplete 
and inadequate and the requirements were modified so frequently and to such an extent that it was 

103 "Launching Silo Door Slams Shut, Killing 5 Workmen," The Sheboygan Press, 8 August 1961. 
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necessary . . . to abandon the fixed prices and to negotiate fmal prices on the basis of total 
costs."104 

Of course, as one contractor note, "the fact that there is no backlog of ICBM base experience 
makes the work more difficult. We're building the base before we even have the missile in 
operational form. The fact that the building contractor doesn't know the end function of the 
facility makes the construction difficult."105 

On 18 April 1962, General Bernard A. Schriever presided over a ceremony, attended by General 
Thomas A. Power, Commander of the Strategic Air Command, accepting the first operational 
Titan site, located at Lowry Air Force Base. During the next six months, the Air Force activated 
five additional Titan bases. In addition to a second installation at Lowry, there were new 
squadrons at Mountain Home AFB, near Mountain Home, Idaho; Larson AFB, near Moses Lake, 
Washington; Beale AFB, near Sacramento, California; and Ellsworth AFB, near Rapid City, 
South Dakota.106 

Training missileers 

As construction of the missile system continued, the Air Force began to address the training of 
the crews. Brigadier General Jerry Page, project officer for ballistic missile training, spelled out 
the issues, writing, "Ballistic missiles, with their automatic guidance and control systems, 
propulsion units of tremendous thrust, and nuclear warheads of the latest design, will make more 
exacting demands than any USAF weapon system in history. . . . The point is that there is an 
element of the unknown in the missile business and we are feeling our way on how best to select 
and qualify the launch crew and maintenance personnel."107 

The Air Force assigned the training for the Atlas and Titan missiles to Sheppard Air Force Base 
in Texas. A newly constructed facility, named Kearby Hall after a World War II Medal of Honor 
winner, was the first Air Force building erected solely for training missilemen. It contained 126 
classrooms and laboratories, a missile bay area, a maintenance building, launch complexes, a 
Titan ground guidance station, and a mock silo. 

By October 1960, when the Shepard Missile Training Department graduated its first class of 
Titan officers, the support staff numbered 619 including instructors, supervisors, and 
administrative personnel with 1,300 students. Instruction included a basic course, followed by 
specialized training, including study of operations, maintenance, guidance control, electronics, 
control systems, hydraulics, electrical repairs, ground support, plumbing, and refrigeration. 
Teamwork was emphasized, since "no one student is taught all the functions of the missile." 

104 Comptroller General of the United States, Review of the Administration of Construction of Certain Launch 
Facilities for the Atlas and Titan Intercontinental Ballistic Missiles at Selected Air Force Bases, January 1963. 
105 "Big Contracts, Big Headaches," Engineering News-Record, 10 September 1959, 23-25. 
106 "Titans on Firing Line: New Muscle for U.S.,"US. News and World Report 52 (30 April 1962): 68. For a 
detailed description of the activation ceremony, see "SAC Accepts First Titan I Squadron," Martin News (27 
April 1962): 1. 
107 Brigadier General Jerry D. Page, "Tooling Up for the Ballistic Missile Training Program," Air University 
Quarterly Review X (Winter 1958-59), 13. 
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The biggest hurdle was, as one instructor recalled, "You can take an airplane up for test flights, 
bring it down and make the necessary repairs before taking off again. But with these 'birds,' it's 
different. Once they take off they're gone, real gone." In addition, he noted, "Text books on 
missile operation didn't need to be revised; they hadn't even been written." Since the Titan 
system underwent constant changes until actual deployment, instructors had to regularly alter 
training plans.108 

One new missileman recalled: 

I began training at Sheppard in early October 1961. I had entered the AF a little less than two 

years before as an aircraft maintenance officer, and had volunteered for the new Atlas and Titan 

missile systems when the AF began asking for volunteers late in 1960 .... We studied USAF 

organization and policy, AF regulations, mathematics, physics and electronics. The electronics 

phase was the longest-almost four weeks, which included a lot of lab time building breadboard 

circuits and learning about computers .... We learned all about the missile airframe, propulsion, 

guidance, launch site facilities (even the sewage and water systems) and everything else. 

The Titan I course was more intense and more specific .... We spent a lot of time with colored 

pencils, tracing electrical circuits, liquid oxygen flow, the missile elevator hydraulic system and 

the power house systems. We learned all about the radio guidance system, hand-off, backup 

antennae and every other aspect of the complex Titan I system. We spent the last few days sitting 

at either cardboard mockup consoles or one of the rudimentary training consoles - not quite as 

exotic as current missile procedures trainers. 109 

After Sheppard, most graduates were sent to Vandenberg Air Force Base for Operational 
Readiness Training on the "live" Titan installation. 

Titan I in Operation, 1962-1965 

The term keeps recurring: complex. "The complexity of earliest missiles bases," George 
Kistiakowsky, Special Assistant to the President for Science and Technology from 1959 to 1961, 
told President Eisenhower, "will be almost beyond imagination." Sites are "extremely complex," 
wrote Maj. Gen. W. A. Davis. "The elevator system alone incorporates about 300,000 parts." 
Another missileman, looking back, could only agree, writing, "The missile complex was just 

that-complex. "110 

The size of the complex was about 900 x 1,600 feet or roughly thirty-four acres. It consisted of 
three missile launchers, control center, powerhouse, an antenna terminal, and two antenna silos, 
all interconnected by tunnels. The launch complex was an underground hardened site intended to 
withstand all but a direct hit from an incoming nuclear weapon. All structures were of steel 

108 Dave Karten, "Training Air Force Missilemen," The Airman, Vol. 4 (November 1960), 3-7. 
109 Col. Charles Simpson, "Getting Started in Titan I-1961," Association of Air Force Missileers, December 
2001. 
110 He added: "An example is that under the floor of the Command Post at the Vandenberg Air Force Base, ... 
there are 30,000 relays." Kistiakowsky to Eisenhower, memorandum, 4 August 1959, DDQC, 1982/1291. Maj. 
Gen. W. A. Davis, "Ballistic Systems: A New Order of Weaponry for a New Dimension of Defense," Air 
University Quarterly, XIV (Winter-Spring 1962-63) 135-137. 
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reinforced concrete construction and were placed underground. All entrances were sealed with 
concrete hatches up to five feet thick. It was, one writer noted, among "the safest places on 
earth." Entrance was through a portal, sealed by a hydraulically operated concrete hatch, into a 
seventy-foot deep shaft with a freight elevator.111 

Missile Launcher 
Each missile launcher contained a missile silo, equipment terminal, and propellant terminal and 

attendant LOX bay containing the double-walled LOX tank.112 

The silo stored the missile underground with a launcher platform that supported the missile and 
raised it above ground for launch. Each silo was forty feet in diameter and reached a depth of 155 
feet underground--equivalent to a thirteen story office building. The silo is a concrete cylinder 
with walls two-and-a-half feet thick. Each silo had a footing ring five feet thick and six feet wide, 
with a heavier collar ring at the surface. This was eleven feet thick and thirty-nine feet deep. 
About 100 rock anchor bolts stabilized it, each three inches in diameter. These were capped by a 
pair of reinforced concrete doors, weighing 102 tons each, that opened hydraulically by double
actuating cylinders (see Figure 8). 

Within the silo, there was a crib structure, consisting of a vertical steel framework that 
functioned as a support frame for maintenance, with five retractable platforms provided at various 
heights, reached by an electric-powered elevator. The crib was suspended by spring supports 
within the silo to protect against ground shocks. Hydraulic and electrical lines were routed along 
the crib structure for control of its mechanisms (see Figure 9). 

Heavy reinforced concrete silo doors were cast in place flush to the top of the silo. Each leaf 
was twelve-feet wide, nineteen-feet long, and four-feet thick. The doors were electronically 
controlled and hydraulically actuated. The upper door lip overlapped the lower door lip and was 
sealed with a heavy silicone rubberized ring (see Figures 10-11). 

At the base of the silo was a shock-resistant, hydraulically operated elevator, capable of lifting a 
gross load of 300 tons to ground level in approximately fifteen minutes. Sgt. Paul Lynn, chief of 
launcher maintenance at one site, described the launcher as "a complete monster. Six pages of 
valves and parts [ and] thousands of them have to work perfectly and in sequence. "113 

The launcher platform was a shell structure that supported the missile during storage and launch 
operations. It consisted of A-frame mounts, flame deflector, umbilical tower base, and guide 
rollers. When the missile was in the raised position, this support structure provided a stable, level 
platform for launch. Flame deflectors cleared engine exhaust away from the base, with platform
to-crib seals preventing the entrance of exhaust, water, fuel, or liquid oxygen into the silo. 

111 "The Titan ICBM Base," Engineering News-Record, 10 September 1959, 34-40. 
112 Descriptions rely on Technical Manual, Operation and Organizational Maintenance, USAF Model HGM~25A 
Missile Weapon System T021M-HGM25A-1-1. The formal descriptions in the manual have been explained in 
practical terms by several former crew members. Also, see "SI07 A-2 Technical Facilities, Lowry Air Force 
Base, Denver Colo. Complex la, lb & le, General Silos Sections -A-E Sheet No. 52-A-2, Daniel, Mann, 
Johnson & Mendenhall And Associates-As Built For Installation & Checkout Phase, 29 May 1962." 
113 Lt. Col. Robert W. Fritz (COE), "Titan: Construction for the Titan Missile," Civil Engineering (April 1961), 
50-53. 
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The launcher platform drive system raised and lowered the platform. Two sets of wire ropes 
were attached as tension equalizers, mounted on the crib structure, and routed over pulleys 
located under the launcher platform (see Figure 12). 

The launcher platform also raised an umbilical tower that supplied the missile with power and 
liquid oxygen (LOX) until the last seconds. Because the LOX boiled off rapidly in the 
uninsulated oxidizer tanks, the missiles required repeated "topping off." The umbilical towers 
also supplied the missile with nitrogen, hydraulic fluid, pressurized helium, electrical power, and 
a steady supply of cool air to keep delicate electronic gear from overheating.114 

Equipment Terminal 
The underground equipment terminal, located next to the silo, had four levels with an overall 

dimension of forty feet in diameter and fifty-seven feet, six inches high. Level I was divided into 
a power pack room and an electrical room. The hydraulic pumps, reservoir and control panel 
were located on this level. The hydraulic system was piped up to Level II and out the utilities 
tunnel to the launcher silo.115 

Level II contained the missile air conditioner and missile silo air conditioning equipment. The 
missile air conditioner supplied heated or cooled air to maintain the proper temperature to Stage 
II of the missile. Level III contained launch and checkout equipment for several subsystems, 
including engine control, flight control, launch sequencer, re-entry vehicle, missile guidance, and 
propellant loading. Level IV held equipment that supplied electrical power to the launcher area . 
. The equipment terminal was connected to the silo via a tunnel on the second level (see Figures 
13-16). 

Propellant Terminal 
The propulsion system was fueled by cryogenic liquids that included liquid nitrogen, essentially 

the lifeblood of the pneumatic systems, and liquid oxygen (LOX), used to support combustion of 
the missile's fuel. The super-cold LOX boiled at minus 297° Fahrenheit. To prevent it from 
literally vanishing into thin air, the liquid was stored in a insulated, stainless-steel, 28,000-gallon 
tanks until shortly before ignition (see Figure 17). 

The underground propellant terminal, also located next to the silo, contained storage tanks for 
liquid oxygen, liquid nitrogen, gaseous nitrogen, and helium. It had two levels. The upper level 
held the propellant transfer panels for liquid oxygen, nitrogen, and helium. The panels provided a 
central location for pressure and level indicators. The lower level contained helium storage tanks, 
nitrogen storage tanks, a helium cooler, a liquid oxygen subcooler, vacuum pumps, and an 
emergency eyewash and shower station (see Figures 18-19). 

114 Russell Hawkes, "Hardened Titan Bases Require Specialized Support," Aviation Week 72 (18 January 1960): 

77-78. 
115 Technical Operations 21M-HGM25a-l-l:Operation And Organizational Maintenance, USAF Model HGM-
25a Missile Weapon System Operation, Section I, Pl-21, Figure 1-13 and Pl-23, Figure 1-14. 
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The two-story control center was a dome-shaped underground structure that served as the 
command post for the complex. Divided into two levels and 100-feet in diameter on the lower 
story, it contained fourteen rooms (see Figure 20).116 

The second floor used shock-proof construction. One foot of clear area was left all the way 
around the dome for "rattle" space. Support columns did not have solid footings but were 
mounted at midpoint on elevated beams. Certain equipment was hung from the beams that were 
structurally fastened at only one end to give a spring action. 

The control center operations room, on the upper level, held the equipment necessary to monitor 
the system. The equipment initiated the launching of the missiles and includes components of the 
launch control and status system and guidance system. The room contained the launch control 
console (LCC), missile guidance console, launch complex facility console {LCFC), display 
equipment, guidance computer, and radar equipment. 

The equipment and consoles monitored the status of the missile systems, and controlled the 
launcher equipment, the guidance antennas, and the missile during standby activities and launch 
operations (see Figure 21). 

The launch control console was a desk type console with a base and a combined control-display 
panel. The console served as the primary center for initiating and monitoring an actual launch or 
exercise countdown for any one of the three missile launchers in the complex. The launch console 
base console had a working surface for the operator, two equipment drawers, a telephone dial, 
and two telephone jacks for the console operator's headset. 

The launch complex facilities console (LCFC) was a desk-type console that displayed the status 
of airborne equipment, aerospace operating equipment, and aerospace ground equipment at each 
of the three missile launchers. It provided monitor lights for equipment status, the portal and 
fence gate status, and monitored such information as radiation and liquid oxygen vapors within 
the complex. 

The communication system included: 

• A hardened, underground cable system that ran between launch site complexes and 
between the support base and each launch complex; 

• The Launch Enable System (LES) consisting of a group of transmitters and receivers 
connected to receive tones from the Command Post (CP) and Alternate Command Post 
(ACP); 

• The Primary Alert System (PAS) consisting of speakers, telephone handsets, and 
recorders. Signals were received from Strategic Air Command Headquarters and were 
recorded. 

116 In the Lowry missile complexes there were in fact only thirteen rooms as the areas designated "Dining Room" 
and "Pantry" as illustrated in Section I, page 1-31, figure 1-21 of TO 21M-HGM25A-l-l, were combined into 
one larger room. WS107 A-2 Technical Facilities Lowry Air Force Base, Denver Colo. Complex la, lb & le, 
General Silos Sections-A-E Sheet No. 57-A-2, Daniel, Mann, Johnson & Mendenhall and Associates--As Built 
for Installation & Checkout Phase, 29 May 1962. 
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• SAC telephone net (STN) that carried over common carrier lines, terminating in a 
switchboard, and from there to individual lines; 

• A public address system with amplifiers and speakers throughout each launch complex 
and accessed from the launch console. 

The lower level housed the kitchen, dining room, sleeping rooms, recreation room, maintenance 
offices, bathrooms and storage, and the personnel tunnel connection, while the upper level 
included the launch control center, the communications and equipment rooms, and a sleeping area 
for the combat crew. 

Powerhouse 
The powerhouse was the electrical power generating and distribution center for the launch 

complex. The powerhouse contained generating equipment, transformers, electrical power 
distribution equipment, and water treatment equipment for the launch complex, including four 
1,000 k diesel-powered generators, plus pumps, compressors, water chillers, and other equipment 
that could make the complex self-sustaining. 

The two-story powerhouse was an underground, dome-shaped structure, 130 feet in diameter on 
the lower story. Large diesel fuel storage tanks were located on each side of the exhaust tunnel. 
Two water storage tanks were located adjacent to the portal entrance tunnel to the powerhouse. 
The power house supplied all utilities, electrical power, water, and heat, for operation of the 
launch complex. 

The powerhouse mezzanine level provided access to the air intake and exhaust tunnels. A water 
chlorinator, water pumps, water tanks, backwash tank, air receivers, air compressors, fuel oil day 
tanks, lube oil storage tanks, and compression tanks were all located on the mezzanine level (see 
Figure 23). The powerhouse lower level consisted of an office, a shop area, a latrine, and a 
generator room. The equipment located in the generator room included four generators, ice banks, 
switch gear, water chillers, pumps of various types, heat exchangers, and motor control centers 
(see Figure 22). The principal motor control center for the diesel generators was located on the 
lower level not far from the switchgear.117 

Entry into the powerhouse was through the personnel tunnel that opened into the powerhouse 
through the launch complex main tunnel. 

Antenna Terminal and Silos 
The antenna terminal was a subsurface structure, sixty-five feet deep and twenty-seven feet in 

diameter. It consisted of a terminal room and two silos. It held electrical and air conditioning 
equipment for control of two separate radar guidance antennas. There were two complete 
systems: one used for standby and one to be used for back-up or maintenance (see Figures 24-25). 

The terminal room contained a motor control center, missile guidance equipment, antenna 
elevator control equipment, lighting control equipment, electrical receptacles, sump pump, air 
compressor, de-icer controls, and air conditioning equipment for the terminal room and silos. 

117 See WSJ07 A-2 Technical Facilities Lowry Air Force Base, Denver Colo. Complex la, lb & Jc, Powerhouse 
Lower Level Equipment Plan And Layout- A-E Sheet No. 58-M-l, Daniel, Mann, Johnson & Mendenhall and 
Associates-As Built for Installation & Checkout Phase, 29 May 1962. 
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The tenninal room was connected to the two silos by tunnels and entered through blast doors .. 
Each antenna silo contained an elevator assembly that raised the antenna to the above ground 
operating position. The operation of the elevator assembly was controlled by equipment in the 
tenninal room. This equipment responded to signals received from the guidance station in the 
control center. Above ground equipment was used for the orientation and alignment of the 
antennas. 

The ground guidance system at each site contained orientation targets and coordinates for the 
location of all nine of the squadron's missiles. If incoming missiles and launch catastrophes 
destroyed both guidance antennas at a site and the site had remaining missiles to launch, then the 
guidance officer could telephone (via buried cable) his counterpart at another site that had 
completed its launches and identify his next missile to be launched. The second site would shift 
its guidance antenna to point toward the missile to be launched. 

Missile Fuel Terminal and Tank 
The fuel tenninal held the fuel storage tank and necessary control for handling RP-I fuel. It was 

connected to each launcher through the tunnel network. The fuel terminal was located adjacent to 
the domed control center. The terminal contained a ground level valve box, an underground fuel 
storage tank, a nitrogen blanket tank, a fuel filter, a fuel transfer pump, and carbon dioxide 
firefighting equipment. 

The fuel storage tank served as the main fuel storage tank for all three launchers. Fuel was 
blanketed with gaseous nitrogen. Three fuel lines were connected: one for initial fill, a second for 
unloading to the surface and transferring fuel to and from the launchers, and the third line for a 
fuel drain line from the launchers back to the storage tank. 

Launcher Air Filtration 
This structure was located about twenty-nine feet below grade, although exact depth varied 

from site to site. It drew in outside air through a steel shaft that was five feet in diameter, then 
distributed the purified air throughout the launcher areas. Waste air was exhausted through shafts 
in each launcher area. Both intake and exhaust vents had blast valves designed to sense shock and 
close before the impact of a nuclear blast. The system was designed, among other purposes, to 
block and filter radioactive particles resulting from an enemy attack, with radiation detectors 
placed in the Launcher Air Filtration Facility and Power House air intake.118 

Tunnels 
The whole complex was interconnected with a maze of tunnels totaling more than 2,000 feet. 

Personnel tunnels were 9.5 feet in diameter; ventilation tunnels, five feet; fuel tunnel, twelve feet 
(see Figure 26). In each missile launcher there was a liquid oxygen tunnel from the propellant 
terminal to the silo, and a utilities tunnel from the equipment terminal to the silo. Each of the 
three launchers was isolated from the main tunnel system and control center by reinforced 
concrete blast locks. These double blast doors were equipped with safety devices to prevent 
personnel from opening both doors at the same time. Each chamber was around seventy-five feet 

118 Robert W. Fritz, Lt. Col. Corps of Engineers, "Titan: Construction for the Titan Missile," Civil Engineering 

(April 1961), 50-53. 
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long, with walls some two to four feet thick with a separate protected air venting system to the 
surface. 

Above Ground Systems and Equipment 
Although the launch complexes were virtually an underground city, certain functions remained 

above ground. As a reporter once described the site: 

If you peek through the heavy chain link fence that surrounds a hardened Titan missile complex, 

the only thing that stands out are the three steel light trees. Nearby are slabs of concrete almost 

flush with the ground. If you look closely you might detect a faint wisp of vapor from a liquid 

oxygen vent, or perhaps a cistern-like air intake. 119 

An observer could easily pick out a site from the air. The "slabs of concrete" were connected by 
a paved loop road and the whole complex encircled by a chain link security fence. The complex 
also had a large sewage stabilization pond. Other structures dotted the landscape. Rex Tho:p:ipson, 
a Site Maintenance Officer at Complex C, Larson AFB, Washington, recalled other structures: 

The gate house was put there during construction and manned by civilian guards. After the 

military accepted the site we kept the gate house and manned it by Air Policemen (Military 

Police). There were two or three Quonset huts [erected] during construction and the Air Force kept 

at least one at the complex where I was. I do not know if this was true across the Titan I fleet. I did 

not use the hut for day to day operations but if we had a civilian contractor that needed space they 

were allowed to use.120 

This use of the gate house and the Quonset huts, left over from construction, were not uniform 
across all eighteen launch complexes. 

Table 2: Titan 1 Deployment 

Unit Base Mode Operational 

724 SMS Lowry AFB, Colorado Silo-Lift 1962-1965 

724 SMS Lowry AFB, Colorado Silo-Lift 1962-1965 

850 SMS Ellsworth AFB, South Dakota Silo-Lift 1962-1965 

851 SMS Beale AFB, California Silo-Lift 1962-1965 

568 SMS Larson AFB, Washington Silo-Lift 1962-1965 

569 SMS Mountain Home AFB, Idaho Silo-Lift 1962-1965 

In addition, there was a training squadron, not kept on active duty. 

576 SMS Vandenberg AFB, California Silo-Lift 1958-1961 

119 "The Titan ICBM Base: Building from the Ground Down," Engineering News-Record, (10 September 1959), 
34-40. 
120 Rex Thompson, correspondence, 13 February 2006. 



Titan I Missile Crews 

Titan I Missile Complex 2A 
HAER No. Co-89 

Page 42 

Amidst the vast array of technology, the men who staffed the missile complex were still at the 
heart of the Titan I system. During a normal tour, the total population at the complex varied from 
the four to six crew members, a cook, and two or more security policemen, up to eighty people, 
when maintenance personnel, who shifted between the three sites of each squadron, undertook 
major projects. 

Initially, plans called for each site to be staffed by a combat crew of eleven members. They 
included a Missile Launch Officer (MLO), a guidance electronics officer (GEO), ballistic missile 
analyst technician (BMAT), two missile maintenance technicians (MMT), two electrical power 
production technicians (EPPT), plus missile systems plumber, a refrigeration specialist, 
missile electricians, and two electrical power production technicians (EPPT). However, just 
before site activation in early 1962, the Air Force reduced the operational crews to a six-man 
configuration, transferring maintenance workers to the Maintenance Squadron. This allmyed for 
increased flexibility in use of personnel. 

The Site Commander was the primary officer, typically a Lt. Colonel or Major in rank. He was 
not always at the complex, however. 

Combat Crew 

The Titan I missile combat crew was the central unit in the operation, comprised of a missile 
launch officer (MLO), guidance electronics officer (GEO), ballistic missile analyst technician 
(MAT), missile maintenance technician (MMT), and two electrical power production technicians 
(EPPT). The Missile Combat Crew Commander (MCCC) was typically the senior officer of the 
day-either Missile Launch Officer or occasionally the Guidance Electronics Officer. 

The MCCC was responsible for conducting the crew coordination. He made Emergency War 
Order (EWO) assignments and insured daily performance of the weapon system verification 
checklist. The MCCC controlled access to the launch complex, launch emplacements, and the 
upper level of the launch control center. He assumed the responsibilities of the complex 
commander during his absence. He directed all combat crew activities and insured adequacy, 
currency and adherence to operational technical orders and checklists. He was responsible for 
insuring immediate EWO reaction capability, adherence to the two-man policy for launch, and 
compliance with Joint Chiefs of Staff weapon system safety rules-a specific checklist designed 
to prevent nuclear accidents. 

The six crew members of the missile combat crew had specific duties to be performed in 
maintaining and operating the launch complex, although a crew member may have been called on 
to perform other than his normal duties if an emergency arose during standby, countdown, or 
abort; or if a malfunction occurred during a tactical countdown. 121 

MISSILE LAUNCH OFFICER (MLO). The MLO was responsible for copying, decoding, and 
authenticating fast reaction messages and determining if a launch exercise countdown was 
authorized to proceed. The missile launch officer assumed the responsibilities of the MCCC 

121 Job descriptions come from Technical Manual, Operation and Organizational Maintenance, USAF Model 
HGM-25A Missile Weapon System T021M-HGM25A-l-l. The formal description in the manual have been 
explained in practical terms by several former crew members. 
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during performance of weapon system verification, launch countdowns and exercises. In addition 
the MLO was responsible for the following tasks: manning the launch control console during 
countdown; reviewing logs, charts, status boards, and other information applicable to the status of 
the complex; coordinating all required maintenance actions/functions with the maintenance 
officer/supervisor; reviewing operational checklists/technical data applicable to his crew station 
for currency and completeness; performing and coordinating his portion of the positive control 
changeover with the guidance electronics officer; and, coordinating with command post on 
effective changeover and applicable countdown times. 

GUIDANCE ELECTRONICS OFFICER (GEO). The GEO was responsible for copying, 
decoding, and authenticating fast reaction messages. He insured the guidance countdown was 
started at the proper time and the correct trajectory was inserted for launch/exercise. In addition 
the GEO was responsible for the following tasks: manning the missile guidance console during 
countdowns and readiness monitoring; performing weapons system verification checklist and 
insures the guidance system is maintained in a readiness condition; reviewing operational 
checklists/technical data applicable to his crew station for currency and completeness; performing 
and coordinating his portion of the positive control changeover with the MLO; manning the 
launch control console in absence of the MLO; performing malfunction analysis as required. 

BALLISTIC MISSILE ANALYST TECHNICIAN (BMAT). The BMAT, an enlisted man, 
monitored the launch complex facilities console during alert status monitoring and launch 
countdown. The BMAT was also responsible for the visual monitoring of countdown sequence 
and performing malfunction analysis on the missile systems and all associated Aerospace Ground 
Equipment (AGE) and Aerospace Operating Equipment (AOE), that is, the functional part of the 
weapon system; operating and assisting in maintaining the equipment during alert status 
monitoring; performing weapon system status verification; coordinating checklist functions; 
copying, decoding, and authenticating fast reaction messages; acting as backup operator for the 
launch control console (LCC); troubleshooting all subsystems as required; performing sub-system 
checkouts and providing maintenance assistance as a secondary function when directed by the 
MCCC. 

MISSILE MAINTENANCE TECHNICIAN (MMT). An enlisted man, the MMT monitored 
AGE during alert status monitoring. He followed the countdown sequence and assists in 
malfunction analysis as required. In addition the MMT was responsible for the following tasks: 
acting as back up operator for the LCFC, and assisting the electrical power production technicians 
as required; monitoring the Propellant Loading and Pressurization System (PLPS) on television 
surveillance cameras during propellant loading exercises; supervising post shutdown procedures 
for accomplishment of missile helium and LOX unloading, utilizing recycle procedures from 
appropriate functional checklists; performing sub-system checkouts, and providing maintenance 
assistance as a secondary function when directed by the MCCC. 

ELECTRICAL POWER PRODUCTION TECHNICIANS (EPPT). The two EPPT were 
responsible for operating the power generation, distribution, and associated equipment. The 
position was typically staffed by an Airman or, occasionally, by a Noncommissioned Officer 
(NCO). In addition, the EPPT were responsible for the following tasks: when an exercise was 
directed by the MLO, the senior power production technician would immediately take control of 
all activities and functions in the power house. He remained in control until the exercise had been 
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terminated or until returned to normal status by direction of the MLO; advising the MLO on 
status of equipment throughout the power house; assisting maintenance dispatched personnel in 
accomplishing maintenance, when these duties did not interfere with his alert duties and after 
coordinating with the ML0.122 

In 1964 the EPPT's were removed from the launch combat crew and transferred to the 
maintenance squadron. 

Support and Maintenance 

Although the combat crews were at the center of the Titan I mission, the massive underground 
complexes required a host of support staff to make sure that all systems worked properly. One 
veteran remembered, 

During the day, there would be all of the [ combat crew] plus the site maintenance personnel, the 

site commander, and some administrative types. Probably fifteen to twenty people. There were 

also maintenance types that came from the base to repair things beyond the realm of "normal" 

maintenance, be they site problems or missile/system problems. 121 

Staff allocations were flexible on the squadron level and remained subject to change. As 
William R. Brooksher, who served in the 851st SMS at Beale AFB, California, recalled, "The 
organizational structure of the unit when we first started was not firmly established. 
Consequently, as we started to really learn the game, various changes, some minor, some 
relatively significant, were made in the organizational structure."124 

A site maintenance officer and complex chief (usually a master sergeant) ran the maintenance 
team together. Each silo was assigned a Missile Crew Chief to act as maintenance techs. The 
facility chief (typically a technical sergeant) was responsible for the powerhouse, water, 
electrical, mechanical systems in silos. Other maintenance staff-not permanently on site-might 
include plumbers, electricians, air conditioning technicians and power production technicians.125 

Hoselton remembered, 

Maintenance was M-F, 8-5 as much as possible, with someone from each shop on telephone 

standby weekends and holidays. For problems at night or weekends, we'd tend to call around for 

fellow closest to site, as sites spread over 100 miles or more by road. All the people I worked with 

had a strong sense of keeping missiles on alert, whatever it took. 126 

Charles Simpson, who served as a Job Control Officer at Mountain Home AFB, wrote of the 
maintenance crews, "Regular 'M-F' was rare the first couple of years. [It was] more like 'regular 
seven days a week with an occasional overnight stay."' 

122 Charles Simpson noted, "The ppts were part of the crew some of the time and considered part of maintenance 
some of the time - part of the crew for the majority of our time at Mountain Home." Correspondence with author, 
16 February 2006. 
123 Correspondence with Wes Nelson, 22 October 2005. 
124 William R. Brooksher, Brig Gen, USAF (Ret), correspondence with author, 29 October 2005. 
125 Charles G. Simpson, "The Titan I," Association of Air Force Missileer Newsletters, l (October 1993): 5. 
126 Gary A. Hoselton, correspondence with author, 16 February 2006. 
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All the complexes also had at least one cook. Gary Haselton, stationed at Mountain View AFB, 
recalled, "[The cooks were] always older fellows, and darn good cooks. They could cope with big 
changes in attendance, perhaps eight people one meal and forty or more the next meal, and not 
always predictable." Above ground, at least two members of the Combat Defense Force (CDF) 
staff maintained gate security while others patrolled the perimeter.127 

Typical day of operations 

Each squadron had fifteen combat crews to man the three complexes assigned to them. A crew 
spent twenty-four hours on duty, and then had fifty-six hours off before they returned. The team 
gathered at the support base for transportation to the site, often by bus, or in some cases, by 
helicopter. As one veteran noted, ''The planners at SAC [Strategic Air Command] determined that 
driving all the way to the complex was too tiring for crewmembers, so they were riders." 

Arriving on site, they identified themselves at the complex gate, and entered the C01:11filalld 
center through the portal. The duty schedule allowed a short overlap period so that oncoming 
crews could be briefed and settled into the routine before the off-duty crew departs. The typical 
routine then was for regular, formalized rounds to check systems, depending on one's assignment, 
or monitoring the computer consoles. As one veteran recalled, 

So now, we were up and running, we were standardized, and we were very, very busy. All of us in 

the 569 SMS quickly learned that keeping nine missiles-or any number less than that-on alert 

was a full time, twenty-four hour a day job. We all put in countless hours operating, checking, 

inspecting, exercising and maintaining a very complex missile system. Exercises were the biggest 

single part of the job, and of course, we exercised at least every six months during a SAC ORI, 

trying to pass like all the other Atlas and Titan I units. 

One common issue was the potential for boredom. One study noted, "The blockhouse 
configuration of the Atlas, Titan, and Minuteman sites, in particular the hardened underground 
facilities, have a deleterious effect on morale and motivation. The fact that individual launch sites 
will be remotely located some distance away from the support base will represent a source of 
difficulty." Furthermore, 

A significant portion of all malfunctions in missile systems-from one fifth to one half-is caused 

by human initiated failures. The human part is not a lack of training of the technician but more 

likely overtraining. The continuing training, crew training, on-site training, and exercising of the 

missile continues with no regard of level of proficiency. After a technician has performed a task 

numerous times he starts to react automatically and no longer closely follows the step by step 

checklists provided and does parts of his job by memory resulting in omitted steps and in the end a 

human initiated malfunction. 128 

The Air Force, and especially the Strategic Air Command, had always been airborne and now 
their newest, most potent branch was placed underground. Concerned about the long-term effects 

127 Gary A. Hoselton, correspondence with author, 16 February 2006. Brooksher stated that there were six 
security police typically onsite. 
128 Edwards, Major, USAF, An Analysis of the ICBM Officer Training Curriculum, I 0. 
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on morale, Colonel William G. Barton, Deputy Chief of the Officers Division in the Strategic Air 
Command (SAC), Directorate of Personnel, warned, "A complete career underground will not 
become a way oflife in the missile business."129 

For all the concern about boredom, missilemen vividly remembered those times when problems 
occurred. Charles Simpson, stationed at Mountain Home AFB, recalled, 

We were required to run ten consecutive PLXs on each missile, and the last two had to be 

successful. The next few months were extremely busy-we had successes, but we had failures, 

too--one catastrophic. That one occurred when the helium quick disconnect failed to release during 

a LOX loading, and the plumbing ripped off the silo wall and cut the main umbilical cable during 

the countdown. The missile safed itself, but a bad decision by our commander and the tech reps 

resulted in a ripped open missile, 16,000 gallons of LOX in the bottom of the silo, a lot ofrepairs 

over the next year, and a new commander. 

An ICBM complex, of course, brought one in constant contact with dangerous and c·omplex 
machinery as well as highly explosive and toxic fuel components, in particular liquid oxygen. The 
possibility of a rupture of a missile tank while the missile is standing alert or on the pad was 
always present. Charles Simpson said, "A common problem was the 'Popsicle'-a missile stuck 
topside-full of LOX. It happened too often, but it was an impressive sight as you drove along 
Highway 30 to Boise to see a big, white, frost covered Titan I sitting topside until the LOX was 
all boiled off. The biggest worry came from thunderstorms-that was a big lightning rod."130 

Indeed, the danger was real. In May 1962, a Titan missile exploded in Chico, California, as 
contractors were running a test before turning over the base to the Air Force. Twenty-four people 
were treated for smoke inhalation.131 , 

Standard Operating Procedures: The Launch 

The sole mission of the Titan I site was to be in a constant state of preparedness for the launch 
of its missiles. Emergency War Orders would be sent directly from Strategic Air Command 
Headquarters via coded electronic impulses on the Athena computer. Rex Thompson, who served 
on the Titan I launch crew at Larson AFB, wrote: 

Each missile Combat Crew had two officers who wore side arms and had a sealed packet around 

their necks which contained the "GO" code. When the Primary Alerting System (PAS),which 

came from SAC Headquarters transmitted the right type of message the two officers authenticated 

and agreed it was a valid launch message they opened their packets and verified the "GO" code 

they went into their Launch Checklist. 132 

This began an intense fifteen-minute sequence. Upon receipt of an encoded electronic 
Emergency War Order (EWO) message, the Missile Combat Crew Commander would verify its 

129 Johnny C. Edwards, Major, USAF, An Analysis of the ICBM Officer Training Curriculum (Maxwell AFB, 
Alabama: Air University, 1964), 1. 
13° Charles A. Simpson, "The Titan l "Association of Air Force Missi/eers, Vol. 2 No. 1 (January 1994), 5. 
131 "Titan Blows Up," Lancaster (Penna.) Eagle-Gazette, 24 May 1962, 1. 
132 Col. Rex Thompson, correspondence with author, 15 November 2005. 
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accuracy, then activate the alerting device or, utilizing the public address system, announcing, 
"Alert, Alert, Alert." 

A newspaper account summarized the moment: 

But when the firing order comes, the launch control officer simply pushes buttons labeled, 'load 

propellants,' 'raise launch vehicle,' and 'launch.' ... The targets are inserted into the guidance 

system by coded cards, would be unknown to the launch crews. . . . Whether the underground 

missile men themselves were under attack would be revealed to them by flashing lights. One, for 

example, is a nuclear blast detector, another tells of radiation presence. 133 

After receiving a launch order, the crew turned on power in the missile itself, and began loading 
the 200,000 pounds of liquid oxygen. This was the slowest element of the whole launch. 

At T-minus-4:39, the fueling was completed and the launch platform began its ascent to the 
surface and the silo doors swung open. As it reached the surface and was stabilized above ground 
within three minutes. At the far end of the complex, the antenna rose from its silo. 

Then, at T-minus-0:39, the final firing sequence began. After a final system check, engines 
fired. In seconds, the holding bolts were blown and the links to the umbilical tower were broken. 

The platform was now ready to lower. After two minutes, clearance was given to begin the 
raising of another launcher. Launchings were sequential and not simultaneous since the guidance 
computer could only guide one missile at a time and, as a cost-cutting move, it was determined to 
not build an antenna for each missile. The other two missiles in the silo complex could be fired at 
seven-and-a-half minute intervals- firing all three took thirty minutes from first alert (see 
Figures 27-28). 

Meanwhile, the missile hurtled through space toward its intended target. After a brief blackout, 
the ground radio antenna made contact with the missile and began controlling its flight path. As 
the first stage expired and fell away, the second stage fired; it burned for another 156 seconds, 
boosting the missile to an altitude of 150 miles and a velocity of 22,554 feet per second. After the 
second stage fell silent, two small vernier engines fired for an additional fifty seconds making 
final course corrections to the trajectory. After the vernier engines burned out, the reentry vehicle 
carrying the warhead followed a ballistic trajectory, and at the apogee of its flight soared to an 
altitude of 541 miles above the earth's surface. Time elapsed for a 5,500 mile flight: 33 minutes. 

The End of Titan I Missile 

Even before the first Titan I was deployed, military leaders understood that it would be obsolete 
with a few years. Two new systems stood ready to become operational-the Titan II and the 
Minuteman. Always an embattled program, the Titan I received its death knell from a 1959 
Department of Defense Weapons Systems Evaluation Group (WSEG) Report that determined that 
the first-generation ICBMs were too costly to continue as supplements to the next generation of 
missiles. In November 1959 the Department of Defense approved the development of the new 

133 Charles W. Corddry, "Underground Titan Missile Base Ready for Enemy," Nevada State Journal, 26 April 
1962. 
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Titan II (SM-68B/LGM-25C) and at the same time directed that the Titan I program be 
discontinued after six squadrons. 134 

The second-generation Titan was taller by ten feet and powered by an improved rocket engines 
featured 432,000 pounds of thrust in the first stage and a second stage with 100,000 pounds of 
thrust. This increased its maximum range to nine thousand miles while delivering a much more 
potent nine-megaton warhead. Based on successful tests with Titan I, the new missile could be 
launched directly from the silo without having to be raised to the surface. This greatly simplified 
site operations and narrowed the window of vulnerability when the missile exposed to attack. 
Most significantly, it dropped the time between reception of an Emergency War Order and launch 
from fifteen to two minutes.135 

The key to the transition was a change in fuel systems and the introduction of storable 
propellants. 

What makes Titan II unique is a storable fuel that requires no LOX (liquid oxygen) and enables 

the missile to be ready to fire at a moment's notice. LOX, which is used in the Atlas and Titan I, is 

[a] cheap and efficient oxidizer, but its extreme cold and its eagerness to boil away make it 

troublesome and unreliable. Instead of this chemical bad actor, Titan II uses nitrogen tetroxide as 

an oxidizer and a mixture of hydrazine and UDMH (unsymmetrical dimethylhydrazine) as fuel. 

Both are liquids that can be stored for long periods at ordinary temperatures in the missile's own 

tanks, requir[ing] no last-minute transfusions of rebellious, bubbly LOX.136 

In addition, the new system used an all-inertial guidance system, meaning that the missile itself 
carried all the required flight information. Eliminating the need for ground communications, it 
prevented the possibility of jamming of signals by electronic interference, either planned by the 
enemy or incidental from the effects of a nuclear attack. The antenna terminal would no longer be 
needed at a Titan site. Configurations changed as well, moving from 3 x 3 to 1 x 9. The first Titan 
II entered service in early 1963.137 

These changes made the Titan I complexes "as obsolete as the Maginot Line" and construction 
began on six completely new bases. The launch sites were generally sold off by the government, 
following an intensive effort to find alternate governmental uses such as archival storage or data 
processing centers. Vrrtually impregnable because of their construction techniques, they still 
remain underground, unseen reminders of another era. 

134 WSEG-50: 27 December 1960. 
135 Charles Simpson, "Special History Issue-Land Based USAF Missiles," AAFM Newsletter 5, no. 1 (June 
1997): 1; Neufeld, Ballistic Missiles, 194, 239; Stine, ICBM: The Making of the Weapon that Changed the 
World, 230. 
136 "Triumphant Titan II," Time 79 (30 March 1962): 68. The new propellant combination was "hypergolic," 
meaning that the fuel and oxidizer ignited spontaneously upon contact. This characteristic eliminated the need for 
a separate ignition system, and made it much easier to start the missile's second stage engine in space. 
137 Ibid. Also see Frank McGuire, "Titan II Will Get More Range and Payload in Production Line Modification," 
and "Parts Reduced in Titan II Engine," both included in "Titan: Special Report," Missiles and Rockets 7 (5 
September 1960): 24-27. See John H. Berkshire, "Titan II Missile Synopsis," 10 August 1965, V. TMs 
[photocopy). Collection of Lt. Col. Daniel Dansro, Ballistic Missile Organization Headquarters, Norton AFB, 
California. 
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Another new missile system was also coming on line-the Minuteman missile. It was the first 
solid-fueled missile to enter service, giving it a large margin of improvement over the earlier 
ICBMs such as the LGM-25C Titan II liquid-fuelled ICBM. Since the fuel is ready to go, unlike a 
liquid-fuelled ICBM, the Minuteman could be launched within seconds. Although its throw 
weight was much less than the Titan II--one megaton compared with ten-the new system was 
stable and fast. Its simpler technology permitted wider deployment and required a minimal staff. 
To provide some comparison, the Titan I missile required around twenty-one drawers of 
electronic equipment in the command center. The Titan II stripped it down to ten drawers. The 
Minuteman needed only four-and-a-half. 138 

The original Minuteman I, the LGM-30A, entered USAF service in 1962 and by mid-1965, 
more than eight hundred Minuteman missiles dotted the western United States landscape. 

Following the recommendation of an Air Force study committee, in late January 1964, 
Secretary of Defense Robert McNamara announced the termination of the Titan I syst~m and 
informed the House Armed Services Committee that the nation's eighteen Titan I operational 
bases would close during the next fiscal year. McNamara noted that, with the advent of the solid
fueled Minuteman ICBM, "the need for these slow reacting and more highly vulnerable older 
missiles is declining. Their contribution to the planned force will no longer be worth their very 
high cost of operation and maintenance, estimated at about $1 million per year per missile, 
compared with only about $100,000 per year for Minuteman." By 1 April 1965 the nation's entire 
Titan I force had been removed from active duty. 139 

The bases, men, and missiles dispersed following a comprehensive plan. The Air Force 
organized a deactivation task force for each site, responsible for carefully removing fuel, 
electronic equipment, and closing up the underground complex. The missiles were removed from 
their silos and transported to Mira Loma AFB in Riverside County, California, for storage in the 
spring of 1965. Titan I's were stored for about nine months. There was no demand for surplus 
Titan I missiles as launch vehicles or anti-missile targets and in the spring of 1966 the Aerospace 
Corporation advised against their continued storage. The remaining eighty-five Titan I missiles 
were subsequently given to museums, aeronautical schools, parks, or just scrapped. Other parts 
were dispersed. Some of the Univac Athena computers went to educational institutions, such as 
Tulane University, the University of Colorado, and University of Utah. In addition, the Air Force 
developed a retraining program for the displaced missilemen. 140 

The eighteen missile launch sites, plus the Vandenberg AFB complex, are basically intact, some 
remaining in the ownership of the federal government, county or local governments, while others 
have been sold into private hands. At the Larson AFB Site #3 (568-C), the silos were flooded and 
used by Undersea Adventures Inc. for scuba diving. According to an EPA report, Site # 1 (851-A) 
at Beale AFB, used for missile shots in the Rock Hudson movie, A Gathering of Eagles, also had 
severe flooding. The site is owned (in 2005) by Placer County, California, and used 

138 Maj. Gen. W. A. Davis, "Ballistic Systems: A New Order of Weaponry for a New Dimension of Defense," 
Air University Quarterly, XIV (Winter-Spring 1962-63) 135-137. 
139 Quoted in Dan Partner, 'Titan I Base Shutdown Slated," Denver Post, 29 January 1964. 
140 USAF Plan of Action for the Phase-Out and Disposition of the Atlas E, Atlas F, and Titan I (20 January 
1965). Titan II. 
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(aboveground) to store road equipment. Site 1 (569-A), Mountain Home AFB, Idaho, has been 
covered over with dirt, although, again, the underground structures remain in place. 

The Legacy of the Titan I 

In less than a decade from 1961, American nuclear force structure changed dramatically. The 
bomber force was significantly reduced. One thousand fifty-four hardened and dispersed land
based intercontinental ballistic missiles were deployed, as were forty-one submarines armed with 
656 ballistic missiles. 

The Titan I system was a marvel of American technology in which a highly complex technical 
problem-the delivery of a weapon to the opposite side of the globe-was solved within a 
decade. 

Building the system, however, required a massive expenditure of public funds and significantly 
altered the economy of the United States. By the early 1960s the missile program had helped to 
make the "military-industrial complex" a fact of American economic and social life. Billions of 
American dollars, hundreds of thousands of American workers, and more than 2,000 American 
companies were directly involved in the effort to develop an effective ICBM. 

The Titan I missile was never used as a weapon against an enemy. The effectiveness of 
deterrence, by its nature, is difficult to measure in cold numbers but remained a calculated 
guessing game. As President Eisenhower often asked, "How many times do we need to destroy 
the Russians?" Yet, General Curtis LeMay might have captured the essence of the Titan I mission 
with a story that he often told about "the gnome in the basement." LeMay told his staff that they 
should picture their counterparts in Russia-the gnomes--doing analyses, comparing forces, 
seeing what they could do, then coming outside, looking at the light, and saying, ''No, we won't 
attack today." But one day, the gnome might step out and say, "Yes, the correlation of forces is 
right today. Let's go."141 

During the tense year when the Titan I was on the front line of American military defense, the 
gnome never said, "Let's go." 

141 Kaplan, 142-43. 
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"The Titan missile is aptly named," a correspondent for Civil Engineering wrote in 1961. 
Although the Atlas was the first nation's first intercontinental ballistic missile, the Titan I could 
deliver a larger warhead faster and farther. More than that, it was placed in underground, 
hardened launch sites designed to withstand all but a direct hit from a nuclear attack with each 
complex storing three missiles aimed at the Soviet Union. Their size and complexity 
overwhelmed even the casual observer. Airman Gene Forbes described his feelings touring the 
missile construction site, saying that his first thought was that he had glimpsed a "model of some 
city of a future age," a structure that belonged "on some distant planet. "142 

It was a short-lived program--on active status for only three years-and slated for replacement 
before its full deployment by the improved Titan II and Minuteman missiles, already in 
production. But these protected sites shifted the international balance of power during the 
turbulent years between the Berlin Crisis in the fall of 1961 and the signing of the Nuclear Test 
Ban Treaty in the fall of 1963. 

Site selection 

Between 1962 and 1965, Titan I missiles stood on alert in defense of the United States. The 
Eisenhower Administration approved the construction and deployment of this intercontinental 
ballistic missile in 1954, joining the Atlas. The earliest steps toward production began in 1956, 
when the Glenn Martin Company began construction of a fabrication facility near Denver, 
Colorado. 

In January 1958, the United State Air Force selected Lowry Air Force Base as the site for the 
first operational Titan I missile squadron, primarily due to its proximity to the Martin plant. In 
addition, Lowry Air Force Base had a large open tract of land to the east, used for a bombing 
range. Within two months, the Air Force assigned a second squadron, creating the 703rd Strategic 
Missile Wing. Six sites were chosen-four located on the former Lowry Bombing and Gunnery 
Range with two on acquired property north of Deer Trail, Colorado, and south of Elizabeth, 
Colorado. Construction oflaunchers and support facilities began on 1 May 1959. 

In the end, the Strategic Air Command selected five locations across the country for its six Titan 
I missile squadrons with a third of the force located at Lowry. These included Ellsworth AFB, 
near Rapid City, South Dakota; Beale AFB, near Chico, California; Mountain Home AFB, Idaho; 
and Larson AFB, outside Moses Lake, Washington.143 

Lowry AFB had been chosen at the end of a series of deployment decisions. In the fall of 1956, 
the Air Force Ballistic Missile Office began preliminary design of Titan missile installations, 
relying on the architect-engineering firm of Holmes & Narver. From the beginning, the team 

142 Robert W. Fritz, "Titan Construction," Civil Engineering, April 1961. Fritz was a Lt. Col. in the Corps of 
Engineers; Lowry Airman [Lowry AFB, Colorado], 9 September 1960. 
143 In addition, a training facility was built at Vandenberg AFB, which was capable of alert status but wa5 not 
included in the typical force count. 
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decided that the launch complexes should be placed in hardened, underground bases, while 
retaining a crucial fifteen minute window of response between the detection of incoming missiles 
and an armed response. The complexity of fueling and raising a missile to the surface meant that 
the Titan required all-weather sites and relatively stable geological foundations. 

The Air Force also had to find a balance between efficient use of resources without drastically 
reducing vulnerability. The Titan I was labor intensive, requiring rotating crews, support staff and 
facilities, and command headquarters. As a means to hold down costs, the Air Force decided to 
place the squadrons near existing military installations. The choice of potential sites was further 
limited by the range of the missile, meaning that only bases in the western United States were 
close enough for the Titan to reach targets in the Soviet Union. 

In its earliest planning stages, the Air Force intended to deploy four Titan squadrons, each 
equipped with ten missiles, all within the Lowry Bombing Range. Concerned that this made a 
single target, planners shifted to a configuration with three complexes to a squadron, ea(?h with 
three missiles, built in a triangle at least fifteen miles apart. In addition, following the persuasive 
arguments of two study panels that argued for dispersal of America's military arsenal, the Air 
Force decided to place squadrons at four other military bases.144 

From the beginning, Lowry Air Force Base was the clear choice for the first complex. 

Lowry Air Force Base 

Although the choice of Lowry was most influenced by its proximity to the Martin Company 
plant, the base had a distinguished history. When the Army Air Corps expanded its Air Corps 
Technical School in 1937, the War Department opened a new military installation outside of 
Denver, Colorado. It was named after Francis Lowry, a local aviation hero who died in World War 
I. The Army gave the base the mission to instruct armament and aerial photography. 

The Works Progress Administration (WPA) converted the grounds of the former Agnes 
Memorial Sanatorium into a modem airfield. The Army acquired 880 acres for the post, plus 960 
acres a few miles east for an auxiliary landing field-named Buckley Field on 19 June 1941. In 
1940, the City and County of Denver acquired nearly 64,000 acres to the southeast, turning it 
over the Army for use as a bombing range for the Technical School. 

With the advent of World War II, the base grew rapidly, taking on the training of some 15,000 
men a year as a pilot transition training school. 145 

Lowry was renamed Lowry Air Force Base following the reorganization of the American 
military in 1947. On 7 June 1951, Lowry's 3415th Technical Training Wing formed a Guided 
Missiles Department. It taught courses in guidance, control, and propulsion for such systems as 
Matador, Falcon, Rascal, Snark, and Navaho. By 1962, the Department of Missile Training was 
providing the Air Force with over 1,000 trained missile specialists per year. 

144 United States Air Force, Air Force Systems Command. Site Activation Chronology: Atlas E and Titan I Sites 
from Site Selection to December 1960. Andrews AFB, Maryland: Deputy Commander for Aerospace Systems, 
March 1962. 
145 Michael H. Levy and Staff Sgt. Patrick M. Scanlan, Pursuit of Excellence: A History of Lowry Air Force 
Base, 1937-1987 (Lowry Air Force Base, Colorado: History Office, Lowry Technical Training Center, 1987), 
10-17. 
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Lowry AFB achieved international renown when President Dwight Eisenhower used the base 
for his summer White House between 1953 and 1955. He and the First Lady, who had family 
living in the Denver area, settled into Lowry, typically in the late summer. 

The base had another fleeting moment of national fame in 1953, when Jimmy Stewart, June 
Allyson, and Harry Morgan arrived at Lowry to film several scenes of the popular film, The 
Glenn Miller Story. 

Then, in 1956, the base became the first home of the United States Air Force Academy. Two 
years earlier, President Eisenhower had signed a bill authorizing an Air Force Academy. Within a 
few months, the Air Force selected Colorado Springs as the location of the new campus, retaining 
the architectural firm of Skidmore, Owings, and Merrill (SOM) to design a magnificent complex. 
Nearby Lowry Air Force Base was selected as the Academy's interim home until construction 
was completed in Colorado Springs in 1958.146 

The choice of Lowry for the new missile system was heralded as a major economic coup for the 
Denver area. The Denver Post declared it "worth millions," breaking down its value in personal 
terms: 

Statisticians say that the $ I 00 million cost of erecting the Denver area launching sites amounts to 

roughly twice the amount spent on clothing for every man, woman, and child in the Denver 

metropolitan are during 1959. It would pay for all the gasoline and oil used during the year by all 

motor vehicles in the area.147 

The advent of the Titan Wing marked a significant transition time for the base. The 3415th 
Technical Training Wing became Lowry Technical Training Center. Flight activity began to be 
phased out. The base was closed to all transient air traffic in June 1960, with remaining flight 
operations shifted four years later to nearby Buckley.148 · 

Home of a full missile wing, Lowry eventually had about 1,200 personnel and became a hub for 
Titan I operations within the Air Force. It served as a central shipping point for all missiles after 
they were brought up from the Martin Company plant. In addition, the wing had a Technical 
Supply Building that stored parts for all six squadrons. 

Preliminary Work 

Site activation had four phases: 

• Selection of sites and preparation of designs 
• Construction 
• Installation of missile ground support systems and equipment 
• Demonstration and acceptance 

146 Upon the completion of the Cadet Area, with the exception of the Chapel, the cadets moved on campus in 
September 1958, permitting the first graduating class to spend their final year at Colorado Springs.146 

147 "Launching Sites Worth Millions," Denver Post, 13 November 1960. 
148 In 1993 Lowry ended fifty-six years of technical training, when the Air Force deactivated the 3400th 
Technical Training Group on April 27, 1994. On September 30, 1994, the American flag came down for the last 
time at Lowry Air Force Base. 
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A committee consisting of Col. David Chamberlain, Air Force Ballistic Missile Division 
(AFBMD); Col. James Caples and Lt. Col. Earl T. Balkum. Air Force Regional Civil Engineers 
{AFRCE); Kenneth Johnson and Lou Snedden, architectural engineers; Don Glidewell, Army 
Corps of Engineers Missouri River Division; and Col. David Hammond, Army Corps of 
Engineers Omaha District, selected three sites, all within the Lowry Bombing and Gunnery 
Range. 

• Complex 724-A. Located on the northwestern portion of the Lowry Bombing Range, off Airline 

Road, approximately fifteen miles from Lowry. 

• Complex 724-B. Located on the south central portion of the Lowry Bombing Range, off Airline 

Road, approximately twenty-four miles from Lowry. 

• Complex 724-C. Located on the south central portion of the Lowry Bombing Range, off Airline 

Road, approximately twenty-four miles from Lowry. 

Two months later, following the assignment of a second squadron to Lowry, the same 
committee chose three more sites. These included: 

• Complex 725-A. Located on the eastern border of the Lowry Bombing Range, off Airline Road, 

approximately thirty-two miles from Lowry. 

• Complex 725-B. Located east approximately fifty-three miles from Lowry, four miles north of Deer 

Trail, Colorado. 

• Complex 7i5-C. Located south approximately forty-two miles from Lowry, four miles south of 

Elizabeth, Colorado. 

While 2A was located within the Bombing Range, the Air Force needed to acquire land, an 
action not approved until October 1958, when fifty-four acres were obtained under outright 
ownership and thirty-nine under permanent easement access for 2B, and fifty-two acres were 
acquired on outright ownership and twenty-nine acres under access permanent easement for 
2C.I49 

During this same period, the Air Force worked with a consortium known as Daniel, Mann, 
Johnson & Mendenhall and Associates-including such major architectural firms as DMJ&M, 
Rust Engineering Company, Leo A. Daly Co., and Mason & Hanger-Silas Mason Co.-to 
complete architectural and engineering plans. These were developed under the direction of Col. 
William E. Leonhard, director of installations for AFBMD. Arthur D. Little, Inc. assisted with the 
development of technical system design criteria and component specifications for the propellant 
loading system. 

Design work on the sites at Lowry Air Force Base began almost concurrently with an economy 
drive. When F. S. Bryant, Assistant Secretary of Defense for Properties and Installations, 
approved construction in January 1959, he set the initial budget at $46,850,000. However, he 
believed costs could be further reduced. Usual concepts " ... of efficiency and comfort are neither 
practicable nor necessary in these underground facilities," Bryant wrote. Therefore, crew comfort 
and "second order" safety features that did not add to the deterrent value of the missile 
installations could be eliminated. 

149 History of the Site Activation Task Force (1961), 7. 
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In April 1959, the Omaha District of the Army Corps of Engineers contracted a joint venture led 
by Morrison-Knudsen of Boise, Idaho, to construct the Titan complexes for the sum of 
$40,668,000. This company, founded in 1912 by Harry W. Morrison, was one of the world's 
largest construction and engineering organizations with wide experience in large-scale 
government contracts. Its corporate resume included the Hoover Dam and the Trans-Alaska 
Highway, earning Morrison a place on the cover of Time in May 1954. The same firm also won 
the contract, over six other bidders, for construction of the second squadron launch sites (2A, 2B, 
and 2C), in June 1959. 

Local subcontractors reaped the rewards. For example, Sturgeon Electric Company 
subcontracted for installation of the missile guidance systems, while Hopkins Construction 
Company, also of Denver, completed all excavation work. 

Construction 

At first, construction was managed by a triumvirate of authorities. The Air Force Ballistic 
Missile Division established a field office at Lowry Air AFB in February 1959, but two months 
later moved eight miles east to Buckley Field. At the time, Buckley was a Naval Air Station, but, 
after a year of negotiations it was assigned to the Air Force. To provide coordination for the 
massive construction project, the Denver Area Office of the Army Corp of Engineers established 
an office at Buckley as well. In addition, the Air Materiel Command Liaison Office (AMCLO)
assigned to handle contract management-set up an office at Lowry.150 

Preliminary work began in early 1959 as Northwestern Engineering Co. commenced 
construction of access roads, Colorado Construction, Inc. built drainage structures, and M & G 
Drilling and Supply Co. of Monte Vista, Colorado, drilled wells at all six sites. These contracts 
were not part of the general agreement with Morrison-Knudsen. 

Groundbreaking ceremonies, on 5 May 1959, proved inauspicious, when a sudden spring snow 
storm blanketed Denver and the automobile cavalcade of dignitaries became stuck in mud as they 
approached Site lA. In addition, construction workers had walked out over a wage dispute, 
leaving all equipment idle of the occasion. Another problem arose when ground was broken at 
Site lB, and workers uncovered fragments of ordnance, left from the Bombing Range. 
Demolition crews did a sweep of all four sites, and over the next month, cleared a variety of 
hazardous munitions as well as three tons of scrap metal.151 

The six complexes were built concurrently with similar crews, equipment, and materials. At its 
peak, Morrison-Knudsen and associated contractors employed nearly 3,500 workers.152 

150 History of Construction, I. In July 1959 the AMCLO became the Air Materiel Command Missile Field Office 
(AMCMFO). 
151 Denver Area Corps of Engineers, "Titan Missile Base Construction, Lowry AFB." 
152 Memorandum from Colonel William E. Leonard, Deputy Commander, Installations, to District Engineer, U.S. 
Army Engineer District, Los Angeles, Subject: Plans and Specifications for Launch Complexes 2A, 2B, and 2C, 
Lowry AFB, 14 April 1959, History Office, United States Army Corps of Engineers, Alexandria, Virginia; Bill 
Miller, "Titan Nest Costs U.S. $80 Million," Rocky Mountain News, 16 August 1960; Dan Partner, "Army 
Receives Titan Complex East of Denver," Denver Post, 5 August 1961. 
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Construction was nagged throughout by a constant stream of change orders. These were hardly 
unexpected, though, given that plans and specifications were not complete when the contracts 
were awarded and the missile itself was still undergoing its first testing program. "Everytime 
there's a test firing at Cape Canaveral," one project manager said, "we get a change in 
specifications. "153 

For example, within a month of the beginning of contraction, for example, the Air Force 
decided to shock mount the floor of the equipment room and power house, requiring an extra five 
feet of excavation. 

In another significant change, a dispute developed over the eighteen liquid oxygen tanks for the 
Lowry sites. These LOX tanks consisted of a tank within a tank and were to be fabricated so that 
they could withstand the shock induced by the blast of an enemy bomb in the vicinity of the 
launch site. It was, then, not a minor or peripheral issue. Original bid documents did not include 
complete specifications and when Morrison-Knudsen supplied its initial design submissiqns, the 
architect-engineer was surprised to find that the tanks would not withstand the anticipated shock 
levels when full-only when empty. Intense negotiations continued for nearly a year, with revised 
plans being approved and a contract adjustment of nearly two million dollars made in favor of 
Morrison-Knudsen. This issue, according to the architect-engineer, did not arise at the other 
installations.154 

Other changes took place as the missile, then the complete launch system, were tested at 
Vandenberg Air Force Base. In particular, the elevator received a major overhaul following a 
disastrous explosion in December 1960, when the elevator dropped the missile as it was being 
lowered after a fueling test.155 

On the second squadron facilities, the initial bid was $26,945,000, yet, change orders issued 
within one month of the award of the contract added almost ten percent to the figure. Nearly 210 
modifications would be made to the specifications, driving the final cost up sixty-three percent. 
"In effect," a government study reported, "this method had the effect of converting the advertised 
fixed-price contracts, awarded on the basis of competition, into -negotiated sole-source 

contracts."156 

153 "Big Contracts-Big Headaches," Engi_neering News-Record, 10 September 1959, 23. 
154 Comptroller General of the United States, Report to the Congress of the United States, Review of the 
Administration of Constrnction of Certain Launch Facilities for the Atlas and Titan Intercontinental Ballistic 
Missiles at Selected Air Force Bases (January 1963), 78-84. 
155 Dan Partner, "Shifts Added At Titan Bases," Denver Post, 7 February 1961. 
156 Memorandum for Record, Subject: Change Order Conference for Complexes lA, lB, and lC, Lowry Area, 9 
June 1959. History Office, United States Army Corps of Engineers, Alexandria, Virginia; Review of the 
Administration of Constn1ction of Certain Launch Facilities (January 1963), 25. 
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Table 3: Construction Contracts157 

Contract Job Bid/Cost # Modifications Mod. Cost Revised Cost % increase 

5558 lA, lB, lC 40,668,034 230 25,454,725 66,122,759 60.13 

5654 2A, 2B, 2C 26,944,820 210 17,058,789 44,003,609 63.3 

6160 GMA, supply 1,145,402 30 251,330 1,396,732 21.9 

6125 Access Roads 1,318,998 1,318,998 0 

Other contracts 2,459,174 15,800 2,474,974 .6 

TOTAL 72,536,428 470 42,780,644 115,317,072 59 

Construction was plagued by a series of labor disputes, especially during the first year. Shortly 
after work began, Denver district carpenters walked off seventy-five area construction s1tes for 
four days. In July 1959, a 144-day nationwide steel strike caused delays, forcing Morrison
Knudsen to resort to completing concrete work during the winter-with added costs due to efforts 
to prevent freezing during the long curing period. "These stoppages are mystifying," declared an 
editorial. "The nation is engaged in an all-out effort to match the Russians in this field, yet 
unauthorized walkouts are slowing work. What good are union pledges if they can be violated 
with impunity?" Relations with labor unions remained tenuous but seemed resolved when the 
Construction and Building Trades Council reached a non-strike agreement with Morrison
Knudsen in August 1960, pegging wage increases and related items to prevailing contracts in the 
Denver region. Still, a series of brief wildcat strikes-typically based on disputes between trade . 
crafts-stopped work throughout construction and threatened to disrupt completion schedules. 
Finally, in late May 1961, President Kennedy issued an Executive Order establishing a National 
Sites Labor Commission to set workplace guidelines and serve as arbiter. At Lowry, a local 
committee handled issues related to the Colorado Titan sites. 158 

Other onsite problems developed occasionally, although these were more typical of any large 
construction job. The missile silos, for example, were cut open to an approximate depth of thirty
five feet below ground level, but excavation progressed slowly due to the sand, seepage, and even 
low grade coal at Site 2A. This proved to be a recurring problem, with tunnel settlement resulting 
in shifts as much as ten inches and damage to floors, seals, and joints. Several sites were plagued 
by rattlesnakes. There was a single fatality-at Site 2C-when a worker fell 130 feet down a silo. 
This was due to a badly designed scaffolding system that required a leap of around three feet 
between sections.159 

157 Table 1 Source. 
158 "Costly Walkouts," The (Syracuse, N.Y.) Post Standard, 21 October 1961; Al Nakkula, "Labor Pact Signed 
by Titan Workers," Rocky Mountain News, 16 August 1960; History of the Site Activation Task Force (1961), 
86-94. 
159 The subsequent legal case file is found at http://caselaw.lp.findlaw.com/scripts/getcase.pl?navby= 

search&court=US&case=/us/386/317.html, Neely V. Eby Construction Company Co. 386 U.S. 317 (1967) 
Certiorari to the United States Court of Appeals for the Tenth Circuit. No. 12. Argued January 16-17, 1967. 
Decided March 20, 1967. 
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Confronted with a sea of unfavorable publicity due to mounting costs, combined with several 
spectacular missile test failures, the Air Force streamlined its management structure to better 
handle the constant changes. In August 1960 the Air Force Systems Command Ballistic Systems 
Division (BSD) created the Lowry Site Activation Task Force (SATAF) under the command of 
Colonel James Thompson. It was charged with all aspects of site activation through turnover to 
SAC, including command of the site during construction and checkout of the operational weapon 
system. The Corps of Engineers, however, retained control of contract administration although 
reorganized as the Corps of Engineers Ballistic Missile Construction Office (CEBMC0). 160 

When Col. Thompson, nicknamed 'the Bull', arrived at Lowry, a reporter noted, 

Things weren't working right. Systems meant to mesh didn't mesh. Theories on how to get a missile 

base firing system that would first fill a Titan I missile with its liquid fuel in a hurry and then jack the 

missile up out of its silo into its firing position in record time had resulted in equipment that didn't 

work well when hooked up together. 161 

These difficulties were all faced with little alteration to the expected completion date, which had 
been set as a matter of national defense policy. As one COE official stated, "Everything is 
coordinated to a date that is part of a master plan to defend the country." At Lowry, two ten-hour 
shifts a day worked on the sites, with additional shifts added after February 1961. As the 
scheduled completion date neared, the pace quickened. "Some of the heroics are almost 
unbelievable," said Vernon Rawlings, a site activation manager. "Men working twenty-four and 
thirty-six hours at a stretch without sleep ... men staying on the job two week at a time, catching 
a few hours of sleep now and again . . . workers disregarding their own safety to make last 
minute corrections."162 

Construction was finished by the fall of 1961. At that point, the Martin Company installed the 
missile and the missile's support equipment. At the end of Installation and Checkout (I&C), the 
contractor had to demonstrate the site, a Technical Acceptance Demonstration (TAD). The 
contractor did a full countdown (propellant loading, etc.). That countdown was followed in a day 
or so by a similar demo by a SAC crew under the supervision of the contractor. In theory, both 

had to be done without any problems. After the TAD, the individual site was turned over to SAC. 
On 5 October, crews lowered the first Titan missile-numbered 60-3656-into Launcher 4A-l. 
All eighteen missiles were in their silos by 1 May 1962. During the following six months, the 
451 st Wing conducted onsite testing and training for its squadrons, culminating in test launches. 163 

By the spring of 1962, the Lowry sites were ready to be activated. On 18 April, at a formal 
ceremony at Complex 1 A, with three missiles standing in the background, General Bernard A. 

Schriever handed a symbolic key to General Thomas Power of the Strategic Air Command, 

160 "AF Group Prepares, Equips ICBM Sites," Aviation Week and Space Technology, 25 September 1961, 150-
History of the Site Activation Task Force (1961), 49. 
161 Ray Cromley, "How Missiles are Readied," The Constitution-Tribune [Chillicothe, Mo.], 14 May 1962. 
162 "Big Contracts-Big Headaches," Engineering News-Record, 10 September 1959, 23; "Site Activation 
Workers Make Believers of Skeptics," Martin News, Special Edition, 27 April 1962. 
163 The first test launch at Site 2A was on 15 March 1962. 
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symbolically placing the nation's first Titan squadron on the firing line. The complex, he said, 
"represents a revolutionary change in design."164 

A reporter described his reactions after the press tour: 

Going through the maze of steel that reaches 165 feet below the surface and talking with the missile 

men who work in its antiseptic control rooms, one feels the impersonal nature of thermonuclear war as 

it would be fought between continents. From here and bases like it, if America were attacked, Air 
Force men in spotless white coveralls would push a series of three buttons for each missile and send 

the equivalent of several million tons of TNT hurtling across the Artie toward the enemy. 165 

On 7 August, three days after the site was turned over to the Air Force, a tragic accident 
happened at Complex IA. One of the fifty-eight ton concrete doors fell to the closed position, due 
to faulty valves on the door mechanism, killing five workers and injuring eight others. All were 
employees of the American Machine and Foundry Company of Denver, or one of the smaller 
subcontractors. Although there was minimal damage to the silo interior, the replacemenf of the 
door took almost forty-five days (including twenty-one to cure the concrete). AMF developed 
new safety procedures, consisting of the installation of a two-piece clamshell locking device 
around the piston arm when the door was fully opened.166 

As the units acclimated themselves to the complexes, changes continued, now based on actual 
use. Kitchens were expanded to remedy cramped quarters-planners had forgotten that there 
would be overlapping shifts. The spiral stairs on the personnel hatch-located next to the main 
entry portal-proved hazardous and one construction worker was killed when entering Site 1 C in 
November 1961 and tripping down the stairs. The entry was changed to a straight cellar-type 
stairs, although the modifications-recommended just after the accident-were not completed 
until March 1963.167 

As the time for activation approached, the training of personnel took a serious turn. Under the 
construction contract, Morrison-Knudsen undertook training of Air Force personnel, with 
subcontractors taking the forefront. Both squadrons, plus the maintenance squadron based at 
Lowry, were trained at Complex 2B during September and October 1961. Specialties included 
refrigeration, heating, plumbing, equipment maintenance, plumbing, and electrical work. 168 

The 451 st Strategic Missile Wing 

The military units were under the command of the Strategic Air Command. Following the 
reorganization of the United States armed forces under the National Security Act of 1947, the 
Department of the Air Force was recognized as the third service branch. Its structure divided into 

164 "Titans on Firing Line: New Muscle for U.S.,"U.S. News and World Report 52 (30 April 1962): 68. For a 
detailed description of the activation ceremony, see "SAC Accepts First Titan I Squadron," Martin News (27 
April 1962): 1. A month later, the 725th SMS reached operational alert status. 
165 Charles W. Corddry, "Underground Titan Missile Base Ready for Enemy," Nevada State Journal, 26 April 
1961, 2. 
166 Annual Report, 34, "58-Ton Door On Missile Silo Slams," Morgantown Post, 8 August 1961. 
167 This portal was unique to the Lowry sites. 
168 History of the Site Activation Task Force, Lowry AFB, 38-42. 
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command organization: Tactical (support for ground troops), Strategic (long range bombing), and 
Air Defense (air defense for North America). 

With the appointment of General Curtis LeMay as Commander-in-Chief, the Strategic Air 
Command grew into a powerful force during the 1950s and played a central role in United States 
Cold War defense policy. By the time that General Thomas S. Power succeeded LeMay in 1957, 
SAC had 29,946 officers, 174,030 airmen, and 20,038 civilians, stationed at one of thirty-eight 
United States or thirty overseas bases. Power instituted a new command structure designed to 
reflect the projected deployment of intercontinental ballistic missiles. Strategic Air Command 
activated the 1st Missile Division under Major General David Wade at Cooke Air Force Base 
(renamed Vandenberg AFB in the fall of 1958).169 

The 703rd Strategic Missile Wing, the first operational Titan I Wing, was activated on 25 
September 1958 at Lowry Air Force Base. In 1961, this unit was renamed as the 451st Strategic 
Missile Wing, a change that allowed the Air Force to continue the active service designat~on of a 
distinguished World War II bombardment unit. Unlike the other four primary Titan installations, 
Lowry was assigned a Wing command since it had two tactical squadrons, the 724th and 725th 
Strategic Missile Squadrons, whose primary mission was the operation of the six missile 
complexes. Two other squadrons, the 451 st Missile Maintenance Squadron and the Headquarters 
Squadron, composed the balance of the wing's units. 

Administrative 
Services 

Comptroller 

Table 4: 451st Strategic Wing Command Structure 

Safety 

Ovil Engineer 

Operations 

724th Missile 
Squadron 

Command 

Site Acceptance HQ SQ Sec 

Maintenance 

451 st Maintenance 
Squadron 

Security 

Personnel 

725th Missile 
S uadron 

Information 
Office 

Supply 

The maintenance squadron was responsible for maintenance of the outlying complexes as well 
as the actual missiles, shuttling between the six sites, but operated out of Lowry AFB. Support 
structures included the Missile Assembly and Maintenance Shops (SMAM), the Air Force 
Weapons Technical Supply (AFWTS) building, and the re-entry vehicle facility. Technicians were 
trained in specialties such as plumbing, electrical wiring, communications equipment and 

169 The Air Force transferred operational control to the Fifteen Air Force in January 1959, but transferred to the 
Thirteen Air Force in July of that year. See "451 st Has Come a Long Way," Lowry Airman, 18 April 1962. 
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hydraulics. A relatively new field was opening up---the "electronic digital data processing 
technician" who kept the massive UNNAC computers running. 170 

The headquarters squadron handled administrative duties, primarily related to personnel 
matters. Its physical presence at Lowry included a ground training facility, a communications 
office, and three bachelor airmen barracks.171 

The wing maintained between twenty-six and thirty crews in combat ready status-typically 
with three rotating crews of eleven men assigned to each site. In the months just prior to site 
activation, the Air Force considered reducing the operational crews to a six-man configuration, 
transferring maintenance workers to the Maintenance Squadron. The squadron leaders argued, 
unsuccessfully, that the larger crew would help retain continuity of operation. 

Table 5: 45181 Strategic Missile Wing Manning Status, Assigned Strength, 30 April 1962172 

Officers Airmen Totals 

HQ Squadron 71 543 614 

724th SMS 41 73 114 

725th SMS 43 73 116 

451 81 MMS 15 418 433 

TOTAL 170 1107 1277 

Each squadron was assigned ten missiles-nine on alert and one ready for use or undergoing 
maintenance. 

The wing was commanded during its construction period by Col. John Proctor, succeeded in 
March 1962 by Colonel Julius Pickoff. Pickoff was an experienced officer, previously serving as 
vice commander of the Atlas wing at Warren AFB and later as commander of a Titan II Wing at 
McConnell AFB. 

Missileer Culture: Day-to-Day Life 

The 451 st Missile Wing remained active for only three years. During that time, operations were 
generally routine, broken by an occasional unusual event, or in the case of the Cuban missile 
crisis, by a national emergency of the highest order. Site 2A had an additional mission. It was 
used for training for the entire wing, primarily at Silo #3, although the complex remained on alert 
status. 

The launch complexes were staffed by six man combat crews, assigned on a rotating basis. It 
began, typically, with the crew gathering at Lowry, where the commander had been briefed on 
daily special assignments and the daily ~intenance plan. Then, they would travel to the assigned 
complex by military bus, joined by maintenance workers. On any given day, there might be 

170 Edison T. Blair, CMSgt., "In the Green," The Ainnan, 6 April 1962, 21. 
171 History of the 451'1 Strategic Missile Wing, July-September 1964, 1. 
172 History of the 451st Strategic Missile Wing, July-September 1964, 1. 
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twenty to thirty people at a given site. These might be increased with daily food deliveries, which 
made a loop to every site. Most crew members did not recall many visitors to their complexes.173 

On approaching the perimeter fence, monitored by closed circuit television cameras, the gate 
was watched by one or two guards in a simple shack. After entering the underground control 
center, the site commander would hold a briefing-expected visitors, planned tests, work-related 
issues-before the men headed to their tasks. Upon coming on duty, the crew ran a check list 
verifying the status of the site. 174 

Charles Simpson remembered, 

So now, we were up and running, we were standardized, and we were very, very busy. All ofus .. 

. quickly learned that keeping nine missiles-or any number less than that-on alert was a full 

time, twenty four hour a day job. We all put in countless hours operating, checking, inspecting, 

exercising and maintaining a very complex missile system. 175 

Maintenance men quickly learned that the knowledge gained in missile training at the Shepard 
Missile Training Department or the Operational System Test Facility at Vandenberg AFB had to 
be supplemented by on-the-job experience. AlC James Hawks, a hydraulics specialist, said 
"Sensors in the transfer lines control the flow so everything changes with altitude and pressures. 
The sensors have to be adjusted to this situation." 

One of most difficult maintenance problem was the need for immaculate condition for the liquid 
oxygen fueling system-barring any foreign particle larger than 150 microns, in short, smaller 
than the period at the end of this sentence. Lox clean, explained Sergeant Roger Deal ( 451 s~ had 
to be "several steps past immaculate." Missiles were routinely extracted from silos for 
maintenance at Lowry. The clean rooms were pressurized with filtered air. Workers, wearing 
white coveralls, plastic hats, gloves, and overshoes, degreased parts in hot vapor tanks, scrubbed 
in caustic tanks, then inspected under a black light that fluoresced hydrocarbons.176 

On a regular basis, the crews performed test exercises to insure that the system, never used in an 
actual mission, would work at a moment's notice. A reporter for This Week Magazine described 
one alert exercise: 

"Dry lake ... vacuum ... high hill ... drug store ... " The words crackle over the loudspeaker in 

the Control Center. Fox and Smith decode the message as it comes over and confirm it. Fox's 

voice now cuts through the complex: "Man launch positions." Smith unlocks the target cards. The 

big hands on the countdown clocks and war clock begin to jump from second to second. Fox 

punches the first buttons in the launch series. 

173 Gary Hoselton, correspondence with the author, 22 November 2005, 14 February 2006; Rector Thompson, 

correspondence with the author, 8, 11, 15 November 2005, 13 February 2006. 

174 Thomas Brooksher, correspondence with the author, 8, IO November 2005. 
175 Charles Simpson, "Getting Started in Titan I-1961," Association of Air Force Missileers Newsletter 
8 (December 2001). 
176 "For Missile Bases: Antiseptic Contractors," Engineering News-Record, 2 July 1959, 34; Edison T. Blair, 
CMSgt., "In the Green," The Airman, 6 April 1962, 18. 
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Meantime, men are in motion throughout the complex. McMillan has already reached the 

Control Center from the mess hall. Wood has raced to the power house. But the men who move 

fastest are those on the silo side of blast doors in the connecting tunnels. 

When the launch order came and jangling warning bells began to ring, Sergeant Meadows was at 

the very bottom of No. I. There was no time to wait for the elevator. He scrambled up the silo wall 

on a straight ladder beside the great, purring missile; ran down the long yellow tunnel, and clanged 

shut the second blast door in under 80 seconds. 

Back in the Control Center, the room is hushed. Fox has already pushed the buttons labeled: 

LOAD PROPELLANT. Now he pushes the buttons labeled: RAISE LAUNCHER. The sound of 

machinery and power rumbles through the entire complex. On the surface, the great silo doors 

open and the deadly white noses of three Titans glide upward from the earth one by one. Several 

hundred feet away, the smaller doors of one guidance silo also slowly open and a disc-shaped 

antenna emerges. 

Now the mighty gun is cocked. Inside the complex, the countdown clocks have stopped within 

seconds of launching. Only the war clock's hands continue to move in the silent room. Fox, Smith, 

McMillan, all sit frozen and wait for the ultimate order in the cool artificial light of the buried 

fortress. Above ground, the Titans tower over the prairie. 

Suddenly, the three silvery missiles shudder slightly. Then they begin to slip back into their 

underground lairs. Within minutes they have again disappeared beneath the surface of the earth 

and the concrete doors have silently closed. 177 

More frequently, the crews underwent Propellant Loading Exercises (PLX), typically testing 
each missile at least once every ninety days. With three silos per launch site, it meant one PLX 
each month. Rex Thompson, a Site Maintenance Manager, remembered, 

We would take it off alert Monday morning-off load the fuel (RP-1 ), disconnect and download 

the launch explosive-disconnect the RV. Install the Combine System Test Equipment and the 

RV simulator. This took all day and most of the night. 

On Tuesday after Crew Change over SAC HQ would send an exercise message for a simulated 

launch for that missile. Combat Crew would Load Propellants (02), Raise Launcher and Launch. 

The launcher and missile would be lowered into the silo-the probe connect team would be 

dispatched into the silo to hook up vents-02 loading probes [ and] the 02 would be down loaded 

( off loaded). Periodic maintenance, unscheduled maintenance as well as any approved 

modification were performed. 

All depending on how much was to be done on Thursday we would put the RP-1 (fuel) back on, 

install & hook up all ordnance & hook up the RV & go back on alert Thursday evening. If we 

needed more time we went back on alert on Friday. That was when the PLX was successful When 

it failed you fixed the problem,. recycled, and did it all again. Some of us stayed onsite from 

Monday until back on alert. 

177 James Baar and William E. Howard, "Men Who Man the Titans," This Week Magazine, 6 May 1962. 
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Given the complicated system, it was inevitable that problems would arise. Among the common 
problems were "crib locks," which occurred when worn parts failed to hold the launchers in the 
up position. 178 

It was understood that the work was potentially dangerous. Nelson said, "My job was fairly 
dangerous. I worked around heights (125 foot deep silos), cryogenics (-297 degrees for the liquid 
oxygen, -320 degrees for the liquid nitrogen), [and] the liquid oxygen was a very dangerous 
explosive possibility. There were high pressure gasses, 3000 psi on the nitrogen and 6000 psi on 
the helium." The potential for failure was driven home by accidents at other sites. In December 
1960, a missile exploded at Vandenberg AFB, sending debris as far as 4,000 feet, creating a sixty 
foot crater at the top of the silo and demolishing much of the underground equipment. Then, in 
May 1962, another Titan blew up during testing at Beale Air Force Base in California. Although 
there were no fatalities, twenty-four people were treated for smoke inhalation and other minor 
injuries.179 

During the month of October 1962, the United States and the Soviet Union approached the 
brink of nuclear war over the placement of intermediate range ballistic missiles in Cuba, then 
stepped back. Those days proved memorable for the Titan I missile crews. Wesley Nelson, who 
served for a time at Site 2A, recalled it as "the high point of my military career." 

We went on yellow alert ("Skybird, this is Looking Glass with a yellow dot message ... ") for the 

Cuban missile crisis. I was in the propellant terminal loading nitrogen when the crew commander 

came on the intercom and read the message to all hands. I never made it above ground for seventy

two hours after that message. 180 

As William R. Brooksher noted, "Anyone who wasn't deeply concerned and fully charged up at 
that moment was an idiot. That was the time when, if you hadn't already done so, you became 
fully aware of the enormity of the job you had undertaken."181 

Of course, the days of being "fully charged up" were balanced by weeks of long hours in an 
underground and isolated military site. Wes Nelson described the ways that the men overcame 
boredom: 

We helped the maintenance crews during the day on weekday duty stints, but the weekends could 

get a tad boring. We had television, so it wasn't a total bust at night. We also played pinochle, 

officers vs. enlisted, or we played chess. We did some reading. Maybe strolled around the 

complex topside if the weather was decent. We did get to sleep after the maintenance people left 

for the day. Two people were always awake at the consoles, either both officers or one officer and 

the senior enlisted man. 

178 History of the 451st Strategic Missile Wing, July-September 1964, 32. 
179 Wesley F. Nelson, correspondence with the author, 20 October 2005. 
180 Wesley F. Nelson, correspondence with the author, 19 September, 20 October 2005. 

181 William R. Brooksher, correspondence with the author, 8, 10 November 2005. 
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On 19 November 1964, Defense Secretary McNamara announced the phase-out of remaining 
first-generation Atlas and Titan I missiles by the end of June 1965. It was an unprecedented 
program "for the first time in Air Force or any history did anyone have to remove and transport 
missiles from their underground system of silos ... scattered throughout the continental United 
States."182 

The complexity of the Titan I system precluded use with the newer Minuteman and Titan II 
systems, both designed to be fired from underground silos. In the early planning stages, two 
Lowry sites would be converted to new uses, with SAC installing a survivable reconnaissance 
data processing center in the Elizabeth complex and the Air Force Space Command deploying a 
space tracking station at the 2A (Bennett) complex. 183 

The Air Force plan set out three phases for deactivation. 

Phase I, under the management of the Strategic Air Command, included the removal of Teentry 
vehicle, missile, classified components, and disposal of propellants and gases. The first missiles 
were removed from Lowry sites within three months, first transported by flatbed truck to the 
missile assembly building at the base, then to Norton Air Force Base in San Bernardino, 
California.184 

Table 6: Activation and Deactivation of Missile Squadrons185 

Squadron 724thSMS 725thSMS 

# Missiles 9 9 

Activated February 1, 1961 August I, 1961 

Turned Over To SAC April 18, 1962 May4, 1962 

Operational April 18, 1962 May 10, 1962 

1st ICBM Off Alert February 1 7, 1965 Feb 17, 1965 

Last ICBM Off Alert March 26, 1965 Apr I, 1965 

Last ICBM Shipped** April 15, 1965 Apr 8, 1965 

Inactivated June 25, 1965 June 25, 1965 

During Phase II, the Air Force disposed of the enormous array of equipment spread throughout 
the sites. For this, they turned to a private contractor, Mid-continent Construction Company of 
Salt Lake City at four sites. Under terms of its contract, Mid-Continent removed, crated and 
shipped a number of items reserved by the Air Force for itself, other federal agencies, schools, 
and colleges. Included in the lot were hydraulic systems, computers, plumbing items, 
transformers, big diesel engines, storage and handling systems for liquid oxygen, guidance 

182 AFLC/SBAMA ICBM Deactivation Task Force, History of Phase-Out of the Atlas E & F and Titan I Weapon 

Systems. 
183 Air Staff Study Group, Report No. 3, Atlas E, F, and Titan I Fae. Util. Proposal, 15 September 1965. 
184 Charles Roach, "First Missile removed from Lowry Silos," Rocky Mountain News, 20 February 1965. 
185 Table 3 Source. 
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controls-in all, "one-half-plus of the original equipment down there," a Mid-Continent official 
estimated. The government retained the LOX storage tanks for the National Aeronautic and Space 
Administration-sixty-five feet long and underground, but valued at $150,000 each. 

Salvage was not limited to readily accessible equipment or office furniture. Paul Lang, Mid
Continent executive, touted the value of the steel personnel tunnels for use as road culverts, cattle 
walks, and, not surprisingly, tunnels. The small problem, Lang noted, was that the tunnels were 
sixty feet underground. "It'll take a little digging," he said. 

The third phase was the disposition of the property. The General Services Administration took 
over the task of managing the sale or public transfer of the emptied complexes, going so far as to 
advertise in the Wall Street Journal. There were many public discussion about the fate of the six 
launch complexes. Early plans included the option of mothballing one or two sites for future use. 
This was quickly rejected, however, due to the costs of maintenance and utilities. The City and 
County of Denver expressed interest in the missile complex closest to Denver, intending to use it 
for a records storage facility, but the plan was abandoned: "No money," a mayor's aide said. 

Other proposed uses included parks, schools and experimental farms, feedlots, dry storage 
space, data processing centers, Civil Defense shelters, technical training labs, a drop tower for 
testing auto safety devices, mushrooms farms, a controlled environment hog farm, and subsurface 
grain elevators. 

At the beginning of construction in 1959, John Heard, the Assistant Director of Construction in 
the Department of Defense had said, "We're building them for only one reason. They have no 
economic value." In the end, that proved to be the case, as not one government agency found the 
sites to be practical for alternate uses. The U.S. Army Corps of Engineers pegged the construction 
cost of the six Lowry missile complexes at $125.6 million. The GSA estimated that each 
complex, originally costing around $125.6 million, plus improvements (wells, roads, fences, etc.) 
would bring $20,000 to $40,000. When asked about the loss, a GSA staffer said that the 
difference "is the cost of insurance in the nuclear age."186 

There were human costs as well, as the region faced a loss of some 1,750 military personnel to 
the region. The Air Force created an extensive retraining program, while some gravitated to 
assignments with the newer Titan II or Minuteman systems. An Air Force memo remained 

upbeat: 

With the missile system phasing out there are many Titan I trained people who will be out of a 

job. This statement might have been made by a person who is not connected with the Air Force 

and did not know how the service functions. Sure there will be a lot of Titan I personnel without 

the Titan I weapon system, but because they are human and can adapt their highly specialized 

training, they will be utilized at other bases within SAC with a different weapon system. 187 

As the wing historian lamented, "Ever since it was first designated, the mighty missile's days 
were numbered. And as each passed new miracles of modem missilery were bome."188 

186 Mark Bearwald, "Requiem for the Titans," Denver Post, 26 February 1967. 
187 Letter, Lt. Col. George H. Ropp Jr. SAC to 451 st SMW. Subj: Airmen Program for the Titan ICBM Units, 
Lowry AFB (Project High Train), 18 November 1964. 
188 History of the 451" Strategic Missile Wing, July-September 1964, 27. 
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The launch complexes were closed and all missiles removed by May 1965. Several properties 
were sold within a few years. However, the General Services Administration retained ownership 
of the Bennett (2A) facility over the years. The equipment was offered for bid on salvage rights 
and the contract was awarded to Desert Salvage, Inc. Before the salvage operation could be 
completed, that company filed for bankruptcy and the project was closed, leaving much of the 
salvageable equipment. 

On 17 December 1974, the property was reported as excess. The Colorado Army National 
Guard (CoARNG) expressed an interest in the property and, on 25 September 1975, was granted 
a Right-of-Entry by the Department of the Army. The property remained in that status until 1 
January 1978 when the Army leased the property for five years to CoARNG. The National Guard 
used the property for unit training including helicopter drop training and routine field exercises. 
However, they were authorized to use only the surface of the property; no official activities were 
allowed in the underground complex. 

Lowry AFB was deactivated in 1994 as a result of a Base Realignment and Closure Act. In late 
2005, five of the six Lowry sites were in non-federal government or private ownership. For 
example, the Elizabeth site, 2C, is used by Elbert County as a solid waste transfer station. The 
county previously used the site as a solid waste landfill, although waste was placed in trenches, 
not the missile silos. Site lA was leased for grazing livestock, then sold for use as a landfill, 
although the underground missile complex apparently remains intact. As of January 2006, two 
sites, relatively intact, were up for sale. A specialized real estate firm was advertising Site 1 C 
while the GSA was auctioning the Bennett, or 2A, complex.189 

Site 2A 

At present, Site 2A is unoccupied. The site is generally flat, open scrub, sloping down on the 
east to Kiowa Creek. It is accessible via the access road from the southwest, passing electrical 
power lines built after 1965. Above ground Site 2A has been altered to some degree. A tornado 
ripped through the site in the mid-1980s and demolished stretches of the fence and transformers 
located on the northeast side of the site. The most noticeable change is a sunken area located near 
the powerhouse, where a large underground fuel tank was removed following deactivation. 

All ground-level structures are gone, with the exception of those made of concrete. The access 
road and parking area, although overgrown, are intact. The concrete placements remain for the 
silo doors, the entrance portal and rectangular personnel entrance hatch, primary and secondary 
escape hatches, air intake shafts, antenna silo doors, orientation targets for the guidance system, 
and a UHF antenna base 

Underground access is not available at present, as the Army sealed entrances with concrete. The 
basic structures remain intact, including portions of the launch silo crib assembly, the antenna silo 
shock mounts and crib assembly, RPI fuel lines, and the remains of desks and cases for electronic 
equipment in the control center. One of the last visitors with underground access reported that 

189 Libby Kaiser, "Down to earth mission for ex-missile site," Rocky Mountain News, 16 June 2003. 
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there was about six inches of water in the antenna terminal, yet the control center and powerhouse 
were relatively dry. All transit objects (desks, electronic equipment, etc.) have been removed. 190 

Conclusion 

The Titan I program was unique in American history. As part of the first-generation of 
intercontinental ballistic missiles, it moved from its inception in 1954 to deployment by 1962, 
then deactivation only three years later. Possibly the most complex of all missile systems, it used 
a relatively unstable fueling system-much like the parallel Atlas-but placed them in 
underground complexes designed to withstand all but a direct nuclear attack. This required the 
development and use of a second complicated operation-moving a missile to the surface within 
fifteen minutes. 

Mark Bearwald, a reporter at the Denver Post, wrote a "Requiem for the Titans" in early 1967, 
in which he tried to summarize the impact of the Titan I. 

The liquid-fueled war birds required constant attention. They were so complicated they reminded 

some people of Rube Goldberg's mechanical fantasies. The Titan I installations were a crash 

program with a $5 billion price tag, most of it now unrecoverable. Those involved in this huge and 

hasty project admit it was expensive, that mistakes were made. For example, a high Department of 

Defense official has admitted his agency "goofed" when it located missile sites close to population 

centers like Denver, since they would be prime targets to an enemy. And the enormous concrete 

emplacements are virtually useless today since they won't accommodate the Minuteman. But 

these same people hasten to say that it was an insurance program the nation couldn't afford not to 

buy, and perhaps history will show it was a deterrent of incalculable value.191 

What was the importance of Site 2A? There were only six operational squadrons--one-third of 
them assigned to Lowry Air Force Base. The 724th Squadron sites were built. first and Site IA was 
the first activated and proved the most popular site for visiting military officers and civilian 
dignitaries, due to its proximity to Denver. Site 2A, however, served as the training center for the 
451 st Missile Wing, and so holds a distinctive place among the launch complexes associated with 
Lowry Air Force Base. As a unit, the 451 st Missile Wing helped to anchor the national defense 

during a crucial three-year period in the Cold War. 

190 The description of current conditions relies on notes provided by Fred Epler and photographs taken by recent 
visitors. See, for example, http://www.siloworld.com/451stSMW/725thSMS/SITE%20B/725th_sms_b.htm. 
191 Mark Bearwald, "Requiem for the Titans," Denver Post, 26 February 1967. 
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Figure I: View of Titan Missile Complex 2A, September 1962. 
Army Corps of Engineers 



Titan I Missile Complex 2A 
HAER No. Co-89 

Page 80 

Figure 2: Aerial view of Complex 2B showing open cut excavation, 1959. 

Air Force Historical Research Agency 

Figure 3: Construction of silo, 1960. Army Corps of Engineers 



Titan I Missile Complex 2A 

HAER No. Co-89 

Page 81 

Figure 4: Construction of Powerhouse and Control Center, 1959. Army Corps of Engineers 
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Figure 5: Construction of powerhouse, Lowry Complex IA, 1960. The control center is in the back
ground with the Powerhouse in the foreground. Army Corps of Engineers 
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Figure 6: Construction of Powerhouse and Control Center, 1959. Army Corps of Engineers 

Figure 7: Lowry Complex 2B, 1960. Army Corps of Engineers 
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Figure 11: Silo doors. 
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Figures 13-14: Equipment Terminal, First and Second Levels 
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Figures 15-16: Equipment Terminal, Third and Fourth Levels 
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Figures 18-19: Propellant Tenninal, Lower and Upper Levels 
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Figure 22: Powerhouse Equipment, Lower Level 
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Figure 25:Antenna Silo Equipment 
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Figure 26: Tunnel Junction No. 12 
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Figures 27-28: Launch sequence 
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Figure 29: A missile staffer makes light of the almost Rube Goldberg complexity of the Titan I Missile 

system. 

Air Force Historical Research Agency 



ADDENDUM TO: 
TITAN ONE MISSILE COMPLEX 2A 
.3 miles west of 129 Road and 1.5 miles north of County Line Road 
Aurora vicinity 
Arapahoe 
Colorado 

PHOTOGRAPHS 
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