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PREFACE FROM CSNR

Robert A. McDonald, Ph.D.

On 15 September 2005, | was walking down Pioneer Hall at the National Reconnaissance Office
(NRO) headquarters in Chantilly, Virginia with newly inducted Pioneer of National Reconnaissance, Dr.
Edward A. Miller. The then Director of the National Reconnaissance Office (DNRO), Dr. Donald M. Kerr,
had just recognized Dr. Miller for pioneering the design, construction, deployment, and operation of
the first man-made object to be recovered from earth orbit in 1960—the Corona Satellite Recovery
Vehicle (SRV). The Corona SRV of August 1960 was going to be key to recovering photo satellite
reconnaissance imagery that would provide critical intelligence during the Cold War. During that
walk with Ed, he mentioned that, with the NRO having declassified the Corona program in 1995, he
was interested in documenting the story of his contributions in a book. In fact, he told me he had
done some preliminary writing.

On 20 September 2006, | had a similar encounter with Mr. Ingard M. Clausen, whom DNRO Kerr
had just inducted into Pioneer Hall for Mr. Clausen’s pioneering preliminary design and development
of the Corona SRV. His contributions had laid the groundwork for the Corona system’s ability to endure
the harsh environment of space and withstand the heat of reentry into the earth’s atmosphere. He
had set the stage for Ed’s later contribution to the Corona project. Independently Ed and Ingard had
been talking about the earlier book idea, and Ingard told me he was willing to take the lead with the
book project. | told the two of them that the Center for the Study of National Reconnaissance (CSNR)
would have an interest in working with them on this project. The book would be consistent with
the CSNR mission to advance the understanding of the discipline, practice, and history of national
reconnaissance. In support of this mission, the CSNR is responsible for documenting the history
of national reconnaissance, identifying lessons from that history for the future, and highlighting
models of excellence in people and engineering as examples to emulate for future success. The book
would help us do that. It is a collection of recollections and lessons from those who were national
reconnaissance trailblazers.

When Ingard completed the manuscript, he took on the role of a CSNR Senior Scholar, and
submitted it for publication. We accepted the manuscript, and the CSNR editorial staff has edited
the manuscript and incorporated it into our publication style. However, we preserved the original
first-person narratives and avoided the temptation to challenge recollections through documentary
research. The recollections are from the perspective of the participants.
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We are now pleased to publish this manuscript as the first book in a series known as, In the
Words of Those who Served. This is a series of occasional CSNR publications that will collect the oral
histories of those who served in the development and operation of various national reconnaissance
activities, organize them into a collection of stories, and publish them to expand the understanding
of national reconnaissance and provide insight that will offer lessons for future challenges in national
reconnaissance.

I thank Ed for the inspiration for the book project, Ingard and Ed for their work on the book project,
and the team of Corona trailblazers who contributed stories to the manuscript.

Robert A. McDonald, Ph.D.
Chantilly, Virginia
April 2012
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PREFACE FROM INGARD CLAUSEN

Ingard Clausen

This book is a collection of first-person stories from the “Cold War warriors” who were in the “high-
tech trenches” of space reconnaissance in the 1950's and 1960's. These are the people who developed
the Corona film-return photoreconnaissance systems that brought back the secrets that helped win
the Cold War. But they will tell you that they just were doing their jobs.

The first opportunity for any, unclassified acknowledgement and recognition of the Corona
program was on 24 May 1995 when a joint Central Intelligence Agency (CIA)/U.S. Air Force (USAF)/
National Reconnaissance Office (NRO) planning committee, co-chaired by Joanne Isham (CIA), Col Phil
Datema (USAF), and Dr. Robert A. McDonald (NRO), organized the 25th Anniversary Commemoration
of the Corona program at CIA Headquarters to publicly honor the service and accomplishments
of the Corona team. This unclassified event was possible because the Director of the National
Reconnaissance Office and Director of Central Intelligence had approved the declassification of the
program and its artifacts in late 1994 and early 1995, and President Bill Clinton had approved the
declassification of Corona film in February 1995.

Shortly after the unclassified CIA event, and, by the grace of Ken Swimm (see his recollections
in Chapter 21) and Joe Fanelli (Manger for Security for General Electric’s Satellite Recovery Vehicle
Corona Project)—and with some help from me—GE held a formal unclassified recognition ceremony
for the SRV team. Other industry partners held similar recognition events for their Corona teams.
Then in 2005, The National Academy of Engineering (NAE) presented a team of five engineers from
across the Corona program (Minoru “Sam” Araki, Lockheed lead engineer for the Agena spacecraft;
Francis J. Madden, Itek chief engineer of optical system’s camera design; Don Schoessler, Kodak lead
engineer for film design and production; Edward A. Miller, General Electric [GE] lead developer of
the satellite recovery vehicle; and James W. Plummer, Lockheed program manager) from across the
Corona program with The Charles Stark Draper Prize to recognize the Corona team’s advancement of
engineering.

The next occasion for even broader unclassified public recognition was with the start of this book
when over fifty co-authors and helpers from the Corona project joined Ed Miller and me in getting
involved. Now, the NRO’s Center for the Study of National Reconnaissance (CSNR) has joined the
project and agreed to publish this book. By doing so, broad public recognition is in sight. When the
contributing authors of this book receive their copies, it will mark the first time that their children and
grandchildren will see their fathers’and grandfathers’ Cold War stories in print. And they will be able
to share those stories with the general public.

Previous publications about Corona and early national reconnaissance have tended to focus on
interviews with the top leadership in the organizations involved with the Corona project. This book
is unique in that for the first time readers have an opportunity to hear directly from a wide range of
those who were on the “high-tech firing line” of engineering, air recovery, and intelligence analysis.
Corona was a very risky, “hush-hush” project. However, those involved were successful, and now they
are telling their stories.
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These “Cold War warriors” told their stories to our interviewers who recorded them and
transcribed them. A few wrote down their stories. My collaborators and | edited the transcripts into
a manuscript, which we submitted to the Center for the Study of National Reconnaissance (CSNR) at
the National Reconnaissance Office (NRO) for publication. The CSNR was gracious enough to accept
the manuscript and put it into their editorial process and publish it as a book as a part of their series,
In the Words of Those who Served.

| was the first project manager for the Corona Satellite Recovery Vehicle (SRV) at General Electric
(GE) Aerospace in Philadelphia, Pennsylvania. All of the recovery team members at GE owe thanks to
Hilliard Paige, who was General Manager, GE Missile and Space Division. He persuaded the Air Force to
adapt its technology in Intercontinental Ballistic Missile (ICBM) development flights to a film-capsule
recovery system for the Corona satellite photoreconnaissance program.To do this, he showed photos
that he recovered from his ICBM development flights of his three-axis stabilized Reentry Vehicles to
shoot, reenter, and recovery photos of the earth to then President Eisenhower’s Land Committee,
which was exploring options for satellite photoreconnaissance and already was well on its way to
making the decision to switch from radio transmission of images from orbit to the physical recovery
of film from orbit. | believe Hilliard’s presentation clinched the decision for a film-recovery system.

All of us in the Corona program owe special thanks to James W. Plummer (then Manager of
Satellite Recovery Systems Development at Lockheed Missile & Space Company, and subsequently
Lockheed’s Program Manager for the Discover Space Program), M. Sam Araki (then a Systems Engineer
at Lockheed Missile & Space who pioneered the development of the Agena Spacecraft), and then Col
Lee Battle (who directed the government-contractor team that produced, launched, and operated
Corona). These pioneering individuals overcame huge odds in attaining Corona successes. | say they
snatched “victory from the jaws of defeat,”and are some of the best examples of Corona heroes.

Closer to home, | must thank Ed Miller, the GE SRV Project Manager after me who first brought
back film from orbit. | also thank him for initiating this book project and for his guidance, chapter
contributions, and for his other numerous recollections woven into the body of the book.

My collaborators in preparing the manuscript have been Bob Kirby and Bob Peck, (both deceased
at our publication) and at times, Jim Polski and Greg Williams, and, at all times, Dan Rossman. My
remarkable interviewers were Raquel Hendrickson, an award-winning reporter and Managing Editor
forVerdeValley Newspapers, and Elizabeth Goldman, who worked on a previous space reconnaissance
book. Without their help, this book would have few oral histories. Two “high-tech guys” helped me
with the manuscript—Richard Belcastro with Adobe Photoshop and Jere Hock with Adobe lllustrator.
Finally, Doug Chamberlin, son of GE's own Bob Chamberlin who was the technical leader of the SRV
and a contributor to this book. Doug volunteered to copyedit the manuscript as | was developing
it. Like his father, he manages and integrates technical solutions and sometimes solves problems
outside his specialty. He currently supports a team of epidemiologists, pursuing drug safety studies.

| thank Dr. Robert A. McDonald (Director of the CSNR) and his team at CSNR, who accepted our
manuscript, put it into their editorial process, and made it possible for us to document—in a public
way—the very important stories about how we were able to bring back from space secrets about the
Cold War.

| particularly need to thank all forty-two of the “high-tech Cold War warriors” who contributed
their stories to this book. It is hard for me to believe that Lt Col Harold Mitchell (Ret.), the pilot who
flew the C-119 airplane that air-snatched the film capsule from Corona flight 14, a world’s first, was
available and volunteered to tell us how it was done. He provided us with an astonishing narrative of
his adventure.
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David Doyle was the National Photographic Interpretation Center (NPIC) officer who interpreted
the film that Mitchell air-snatched, another world’s first. It is easy to forget that this initial space
imagery, compared with airborne reconnaissance imagery, had reduced resolution and expanded the
footage by orders of magnitude. You will read about this challenge in processing and interpretation
in Dave's chapter.

Dino Brugioni, another NPIC officer, shares his account of a meeting with President Dwight D.
Eisenhower where the President is briefed on the intelligence of the Corona imagery. Dino was there
when the President was able to conclude, “There was no missile gap.”Then, suddenly, those who had
the necessary security clearances knew that our cities and ICBM installations faced far less of a threat
with the Soviets only having six operational ICBM systems.

Finally, | need to acknowledge my family’s support. First, | thank my daughter, Kendra Clausen,
who has been working full-time for me, writing, editing, and inserting photos and captions into the
manuscript. If you want to know the truth, she is also my office manager. My lovely wife, Doris, has
assisted my efforts since 2006, and we have been at it ever since. She is the one, in 1960, who wanted
to build a bomb shelter as part of our basement in King of Prussia, Pennsylvania. Defying the GE
Blue Book rules; | had to give her a direct order, an assertive, unsupported, “No." The successes of the
storytellers in this book helped make it unnecessary to build that shelter.

Ingard Clausen
Paradise Valley, Arizona
April 2012
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INTELLIGENCE REVOLUTION 1960: Retrieving the Corona Imagery That Helped Win the Cold War

FOREWORD

The ballroom at the Crowne Plaza Hotel in King of Prussia, Pennsylvania was filled with some
450 alumni from General Electric (GE). It was the 10th of October in 2006. They were celebrating
GE coming to the Delaware Valley back in October 1956 as GE's Missile and Ordnance Systems
Department.! They called the celebration, “The Golden Anniversary of Space in the Delaware Valley.”
I had the honor of speaking to this impressive group of space trailblazers and their families.

Ed Miller, one of those alumni, had invited me to “give one of the keynote talks.” Ingard Clausen
was in the audience. These two distinguished GE space alumni were the forces behind creating this
book. They collected and co-edited the recollections of those who served during the earliest years of
space reconnaissance. (The other two co-editors to this book merely are observers and students of
national reconnaissance from the National Reconnaissance Office’s Center for the Study of National
Reconnaissance.) Ingard and Ed personally know almost all of the contributors to the book.

Because of Ingard and Ed’s GE association and involvement with the satellite recovery vehicle (SRV)
that GE developed for the first photo reconnaissance satellite, Corona, a large number of the accounts
in this book are by GE alumni who worked on the SRV. The Corona program, however, involved many
other industry and government partners. The team was diverse. It included participation from such
legacy industry partners as Lockheed Missiles & Space, Eastman Kodak, Itek Corporation, Fairchild
Camera & Instrument, and Douglas Aircraft. And it was a government program managed by the
Central Intelligence Agency (CIA) and the U.S. Air Force.

Ingard Clausen and Ed Miller, who drew from their personal experiences in the Corona program,
were able to expand the scope of the book and collect recollections from non-GE participants in
the Corona program—from both the government side and other industry partners. You will find
recollections from CIA officers, uniformed Air Force personnel, and Lockheed.

Ingard and Ed, and their contributors to this book, lived during the pioneering days of space
reconnaissance in the 1950s and 1960s. It was a time when many said it would be impossible for
human kind to get into space; others admitted humans would be able to launch a rocket into space,
but denied it would be possible to take pictures from space—too much radiation, no gravity, too far
away from earth'’s surface, no way to get the pictures back to earth. Ingard, Ed, and the contributors
to this book proved all that speculation to be wrong.

The GE alumni | addressed during the 2006 celebration were instrumental in developing the
satellite recovery vehicle that brought back from space the intelligence secrets that Corona’s on-orbit
camera captured. Many of the GE contributors to this book were in the audience at the GE alumni
Golden Anniversary celebration. This book is their opportunity to respond to my retrospective look

' James (Jim) R. Polski, one of the organizers of the Golden Anniversary reunion, shared his recollections of GE's organizational

history in the first decade of GE space in the Delaware Valley. In 1956 GE appointed George Metcalf to head the Missile and
Ordnance Systems Department (MOSD). In September 1958, GE renamed MOSD the Missile and Space Vehicle Department
(MSVD) and appointed Hilliard W. Paige (a contributor to this book) as the General Manager. In June 1962, GE elevated MSVD
to Division status, and designated it as GE's Missile and Space Division (MSD). In 1968 GE promoted H.W. Paige to Aerospace
Group Executive and appointed Mark Morton (a contributor to this book) as the head of MSD. In June 1969, Mark Morton took
over the Aerospace Group, and GE redesignated MSD as the Space Division (SD), and appointed Dan Fink to lead it. This first
decade of GE Space in the Delaware Valley is the period that covers the events in most of the stories in this book.
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at their contributions.

All those who contributed recollections to this book, both industry and government, were
the trailblazers in national reconnaissance. They were responsible for making satellite imaging
reconnaissance possible and for crafting the discipline and practice of national reconnaissance. Their
stories document that journey.

By reading their stories, you will have an opportunity to relive the history of that time and learn
the lessons that these trailblazers learned along the way. Those lessons are ones that you can use for
space engineering challenges you might encounter today and in the future; they also are lessons that
often are applicable to any life experience.

It was humbling for me to speak to that 2006 audience of GE space alumni. The GE alumni boast
of four individuals who received the highest honor in the discipline of national reconnaissance—
that of being designated a Pioneer of National Reconnaissance. Ingard Clausen and Ed Miller are
two; Mark Morton and Edward Reese are two others. One of Lockheed’s several pioneers of national
reconnaissance, Sam Araki, also is a contributor to this book.

Pioneers of National Reconnaissance are a very select and distinguished group of individuals
whom the Director of National Reconnaissance (DNRO) annually selects and honors with this
designation. They are the ones who have created the discipline of national reconnaissance and over
the years have made contributions that have changed the direction and scope of the discipline.?
They were able to do it only because of the team that supported their projects. In this book, many of
those team members tell their part of the story.

In the fall of 2011, five years after the GE alumni celebrated their Golden Anniversary in space,
the National Reconnaissance Office (NRO) celebrated its 50th anniversary at a gala held at the Udvar-
Hazy Center of the National Air and Space Museum. Many of those GE alumni from Valley Forge made
the trip to Northern Virginia and attended the NRO Gala along with other national reconnaissance
alumni—both Government and industry—from the earliest days of the discipline. All those early
alumni at the Gala—and those who could not be there—were the foundation for the establishment
of the discipline and the NRO. It was they who laid the foundation for the NRO’s follow-on film-return
photo satellite reconnaissance programs such as the Hexagon broad-area search and Gambit high-
resolution satellites that the NRO operated during the 1960s through 1980s.

In this book you have an opportunity to read first-person narratives from a select group of those
who were there at the start of national reconnaissance—those who were there to develop and
operate the Corona program. If you were there, | offer you the opportunity to reminisce about those
“goldenyears.” If you were not there, | challenge you to relive the experiences of our story tellers, learn
from their experiences, and blaze your own trails into the next revolutions in space and intelligence.

Robert A. McDonald, Ph.D.

Director/Center for the Study of National Reconnaissance
Business Plans and Operations

National Reconnaissance Office

Chantilly, Virginia

April 2012

2 For a collection of the recollections of the first class of pioneers of national reconnaissance, see the NRO Center for the
Study of National Reconnaissance’s (CSNR’s) book, Beyond Expectations—Building an American National Reconnaissance
Capability: Recollections of the Pioneers and Founders of National Reconnaissance cooperatively published in 2002 with the
American Society for Photogrammetry and Remote Sensing (ASPRS).

Page xiv



INTELLIGENCE REVOLUTION 1960: Retrieving the Corona Imagery That Helped Win the Cold War

INTRODUCTION

Robert A. McDonald, Ph. D.

The recollections and stories in this book are about ground-breaking engineering contributions
and technical intelligence operations from the 1960s—contributions and operations that may be
the 20™ century’s most dramatic revolution for foreign intelligence—satellite reconnaissance.
The engineers, pilots, and crews whose stories are in this book were trailblazers and pioneering
contributors who made possible the collection and recovery of photographs acquired from orbit
around the Earth. Their work ensured the availability of space-acquired reconnaissance photographs
for analysis by intelligence officers on the ground. They all were involved with some aspect of the
then highly classified Corona Satellite Photoreconnaissance program—one of several Cold War space
reconnaissance programs. These programs, in their success, created an appetite and dependency
on satellite photoreconnaissance in America. The success of the programs led to a desire for more,
better quality, and more readily available imagery. This imagery, and in turn the space reconnaissance
programs that provided it, helped win the Cold War for the U.S. and its Western Allies. The National
Reconnaissance’s Office (NRO’s) Gambit high-resolution photographic system (that operated from
July 1963 to April 1984) and its Hexagon broad-area search photographic system (that operated from
June 1971 to April 1986) are examples of two other national reconnaissance platforms that provided
intelligence that helped win the Cold War. The ground-breaking work of the story tellers in this book
laid the foundation for developing those systems.

The Corona Satellite Photoreconnaissance Program

The Corona program was a 1960s era joint Central Intelligence Agency (CIA)-U.S. Air Force (USAF)
intelligence project that involved taking space-based overhead photographs during the Cold War
(McDonald, 1997). It acquired photographs on traditional film while on orbit, ejected the film from
orbit for return to Earth, recovered the film as it re-entered the atmosphere, processed the film at
ground-based processing facilities, and made the processed film available for photo interpretation
by intelligence officers. Its main intelligence target was the then Soviet Union and other denied
territories of the Cold War period. “Corona” was the classified program name for this project, and its
space vehicles were the world’s first space imaging satellites.!

How Did Corona Operate?

A Corona satellite, with its KH-1, 2, 3, or 4 camera payload, would orbit the earth at about 100 nm,
take pictures of high-priority intelligence targets, store the exposed film in an on-board capsule, and
periodically deorbit a capsule with the exposed film. The USAF would deploy recovery aircraft over
the Pacific Ocean where the capsule would return to earth near Hawaii. The recovery aircraft (initially
C-119s and later C-130s) would snatch the capsule as it was drifting to earth under the control of a
parachute. The aircrew would send the exposed film to Kodak and USAF facilities for processing and
then to the Central Intelligence Agency’s National Photographic Interpretation Center for imagery
analysis (which the military then called photo interpretation, and the Intelligence Community called

1 The CIA and the Air Force launched the first successful Corona mission on 18 August 1960. The Grab electronic intel-
ligence (elint) satellite reconnaissance system, which the Naval Research Laboratory (NRL) launched two months earlier in
June 1960 was the first space reconnaissance satellite.
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In The Words of Those Who Served

“exploitation”). The imagery analysts would exploit the film by examining it through high-powered
optics on light tables looking for intelligence about the Soviet and other Cold War threats to U.S.
national security (McDonald, 1995).

The Corona project was one of the most guarded secrets and highest priority national security
projects during the late 1950s and 1960s. It was President Dwight D. Eisenhower, a World War Il
military hero who understood the significance and necessity of accurate information in battle, who
gave his personal endorsement for the program in 1958. The Corona project operated from 1960
to 1972, and the quality of its imagery improved significantly over the life of the program from the
earliest KH-I camera to the later KH-4B camera. The KH-4B camera, offered the best quality imagery—
somewhat better than 6 feet (2 meters) (McDonald, 1995).

The Corona project was a revolution for intelligence. It expanded imagery intelligence activities
from airborne platforms at altitudes of hundreds to thousands of feet above the earth’s surface to
space-borne platforms at orbital altitudes around the earth. Corona, as the world’s first operationally
successful space-based imaging system, had a major impact on America’s national security
(McDonald, 1995).

Corona’s Contributions to National Security

Corona made major contributions to America’s national security. Its earliest operations had
a surprising impact on the Cold War debate about a perceived missile gap—about whether the
Soviets had an overwhelming number of intercontinental ballistic missiles. Contrary to conventional
wisdom at the time, Corona imagery resolved the issue by making it clear there was no missile gap.
The intelligence from the Corona program eventually gave U.S. policy makers confidence in the
Intelligence Community’s assessments and opened the door to monitoring nuclear proliferation and
arms control from space and lent support to arms limitation treaties (McDonald, 1995).

Corona’s vast contributions to helping protect American’s national security are evident by looking
at examples of the kinds of intelligence it provided over its operational life. Not only were early
photo interpreters able to use Corona imagery to demonstrate that the Soviet Union did not have an
overwhelming number of intercontinental ballistic missiles, but later photo interpreters used Corona
imagery to monitor nuclear proliferation. There were additional unique contributions during the
program’s operational life. In December 1961, Mission 9029 provided the first satellite coverage of a
Chinese nuclear test site, which was located near Lop Nor. By 1964, Corona imagery had confirmed
that the Soviet Union was developing and deploying the SS-9 Intercontinental ballistic missiles. (The
SS-9 was a “mammoth” ICBM, some 10 stories high, with an ability to carry a payload of nearly 9,000
pounds for a distance of 7,000 to 8,000 nautical miles.) This nuclear threat was a dominating part of
the geopolitical backdrop of the period (McDonald, 1995; Missile Threat, 2011).

The 1950s—The Geopolitical and Societal Backdrop for Developing

Corona

The 1950s were the formative years for the engineers, pilots, and crew members who developed
and operated Corona during the following decade. They found themselves recovering from both
World War Il and the Korean War; they were exposed to what must have appeared to be an uncertain
and potentially threatening Soviet Union. | believe it is important to know something about this
geopolitical environment when you read their stories. Insight into their geopolitical environment
will help you gain a sense of the time in which they were living. It will help you understand their
motivations as engineers, pilots, and crew members. | will use this section to summarize some of the
geopolitical realities of the 1950s.
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Geopolitical Backdrop

The 1950's opened as a decade that was seeking normalcy and peace after the six years of world-
wide conflict in the 1930s and 1940s. As the country moved from the 1940s post-war recovery of
World War Il into the 1950s, the international scene was becoming tense. Winston Churchill had
alerted the world community in 1946 that an Iron Curtain had descended in Europe and separated
the west from the east where the Soviet Union’s influence and control was becoming absolute as
Communism spread beyond the its borders. Bernard Baruch in 1947 had announced that a Cold War
actually existed between the United States and the Soviet Union.? It became increasingly apparent to
observers that there was a growing threat of nuclear annihilation.

World War Il ended in 1945 when the U.S. used the atomic bomb in its raids on Hiroshima and
Nagasaki. In 1949, the Soviets joined America as a nuclear power with its successful test of an atomic
bomb. This influenced President Truman to direct U.S. development of a thermonuclear bomb—one
powered by fusion, rather than fission. On November 1, 1952 the U.S. successfully detonated “Mike,’
the first hydrogen bomb, which exploded with a force 500 times greater than the atom bomb that
destroyed Hiroshima, Japan in 1945. It vaporized the Pacific island of Elugelab (Evans, 1998; Glennon,
1999; Long, 2007).

Less than a year later, the Soviet Union detonated is own thermonuclear device on August 1953.
By the end of 1954 both sides successfully had tested deliverable bombs. It was in the second half
of 1957, in August, that the U.S. lost its sense of invulnerability to nuclear attack when the USSR
successfully tested the world's first intercontinental ballistic missile (Evans, 1998; Glennon, 1999;
Isaacs, J. & Downing T., 1998; and Long, 2007).

All of this made the image of worldwide nuclear destruction vivid and created a sense of doom
that would influence how the Cold War would unfold. Americans prepared for the worst. Black and
yellow Fallout Shelter signs began to appear in American cities and towns where areas in buildings
were designated as fallout shelters for use during a nuclear attack. The U.S. Office of Civil Defense
issued booklets on family fallout shelters, and the reality of devastating nuclear destruction made
them popular in the U.S. (Glennon, 1999; Isaacs, J. & Downing T., 1998; and Isaacs & Taylor, 1998).

Communities conducted monthly tests of sirens and horns that would be used as warnings in the
event of an attack. School children throughout the country practiced “Duck and Cover” drills where
they would duck under their desks or move to the hallways and huddle on the floor with their hands
over their heads to protect from nuclear attack (Glennon, 1999; Isaacs, J. & Downing T., 1998; Isaacs
& Taylor, 1998).

Many analysts would describe the Cold War, as the defining experience of the second half of the
twentieth century (Kort, 1998, p. 3). It grew out of the destruction of World War Il and involved many
nations, but it fundamentally was a power struggle between two military super powers—the United
States and the Soviet Union—both of whom commanded massive nuclear arsenals that gave the

2 On March 5, 1946 the former British prime minister, Winston Churchill introduced the phrase “Iron Curtain”into the
international lexicon during a speech at Westminster College in Fulton, Missouri, when the college presented Churchill with
an honorary degree. Churchill stated, “From Stettin in the Baltic to Trieste in the Adriatic an iron curtain has descended across
the Continent. Behind that line lie all the capitals of the ancient states of Central and Eastern Europe. Warsaw, Berlin, Prague,
Vienna, Budapest, Belgrade, Bucharest and Sofia; all these famous cities and the populations around them lie in what | must
call the Soviet sphere, and all are subject, in one form or another, not only to Soviet influence but to a very high and in some
cases increasing measure of control from Moscow” (Halsall, 2010).

On April 16, 1947, the financier and presidential advisor, Bernard Baruch, coined the term “Cold War”in a speech to the
South Carolina House of Representatives on the occasion of the unveiling of his portrait. Baruch warned, “Let us not be
deceived—we are today in the midst of a cold war. Our enemies are to be found abroad and at home (A&E, 2010).
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Cold War its apocalyptic dimension (Kort, 1998).

It was out of this nuclear potential that information about adversaries—i.e., intelligence about
the threat—became essential to national survival. Both nation state and personal survival were
core concerns during the Cold War. Intelligence about threats to that survival were an integral part
of the core ideological conflicts of the Cold War. That is why the stories in this book—stories that
explain how the United States was able to create a photosatellite reconnaissance capability—are
fundamental to understanding how this reconnaissance capability was a pivotal contribution to the
U.S. winning the Cold War and preserving its society (Kort, 1998).

At times, the Cold War was more hot than cold, as in Korea and Indochina; at times it was covert,
as in Iran; and at times it was reflected in popular uprisings and revolutions.

Korean War

The harsh realities of the Cold War became apparent early in the decade when American and
“free-world” forces encountered Soviet and “Red Chinese” Communist forces in what Americans saw
as remote lands. The first of these was the outbreak of the Korean War on June 25, 1950 when the
Soviet-equipped North Korean Army crossed the 38" parallel from The Democratic People’s Republic
of Korea (North Korea) into the Republic of Korea (South Korea). President Truman ordered U.S.
forces—under then 70-year-old World War Il hero General Douglas MacArthur—to defend South
Korea and support the United Nations “police action” on the Korean peninsula. His invasion of North
Korea, which pushed Communist forces to the Chinese border, resulted in China deploying 180,000
of its troops into a counteroffensive. The war ended three years later on 27 July 1953 with the parties
signing an armistice. The causalities were high with total American military deaths at just over 54,000
(over 33,000 on the battlefield). South Korean military deaths were at 47,000; North Korean at 215,000,
and Chinese ranging from 401,000 to 3 million (Glennon, 1999; Evans, 1998).

IndoChina

The force of nationalism grew during the 1950s throughout the world as the populations in
former colonies called for self-determination. The weakened European powers found it difficult to
maintain control over existing colonies or regain control over their former colonies in Africa, South
Asia, and Southeast Asia. The end of Japan’s wartime occupation in Asia found this particularly strong
in that region, especially in Southeast Asia (Glennon, 1999).

In Vietnam, the Viet Minh (a collation of mostly Communist forces organized by Ho Chi Minh
who had declared the independence of the Democratic Republic of Vietnam in September of 1945)
defeated the French on 7 May 1954 after an eight-year war. This French attempt to retain its influence
and control over its former pre-WW Il colony resulted in 95,000 French and 1.3 million Vietnamese
deaths. The French agreed to a cease-fire and temporarily divided Ho Chi Minh's Democratic Republic
of Vietnam at the 17" parallel with provisional Communist control of the north and a provisional
French-backed government in the south (Glennon, 1999).

This 1954 Geneva Convention set the stage for the U.Ss involvement in what became known
as the Vietham War. The agreed elections for a unified government failed to occur, and the south
declared itself the independent Republic of Vietnam in October of 1955. In 1961 President Kennedy
sent military advisers into the Republic of Vietnam (South Vietnam). In March 1965, President Johnson
sent what is commonly acknowledged as the first U.S. combat forces into Vietnam. This was in
response to a clash between U.S. and North Vietnam naval forces in the Gulf of Tokin on August 1964.
In response to the clash, Congress passed the Tokin Gulf Resolution that gave President Johnson
the authority to employ military force as he saw fit against the Viethamese Communists. The U.S.
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withdrew its forces after the 1973 Paris Peace accords, and evacuated Saigon in April 1975 when
Communist forces captured Saigon and reunified the nation (Marolda, 2005; State, 2011).

Covert Action

The Cold War had U.S.-sponsored covert actions. The CIA’s role in the overthrow of Iran’s
government in August 1953 is one example. After Irannian legislators, led by premier Muhammad
Mussadegh nationalized British-owned Anglo-Iranian Oil company, and the situation in Iran appeared
to be deterioting, President Eisenhower approved CIA covert action that included inciting unrest
and promoting a military revolt. The end result was Muhammad Reza Shah Pahlevi taking over the
government with absolute power as Shah of Iran (Evans, 1998; Glennon, 1999).

Popular Uprisings in Eastern Europe

The 1950s also saw pockets of unrest in Eastern Europe. The first popular revolt against Soviet
influence was in June 1953 when some 3,000,000 East German workers walked off their jobs. What
initially was a labor demonstration turned into a pro-democracy demonstration and riot. The Soviet
Government sent tanks into East Berlin to squash the riots, and about 21 people were killed and over
6,000 were arrested (Glennon, 1999; CIA, 2008).

Cuban Revolution

The end of the decade found communism taking hold in the Western Hemisphere. In 1959
Fidel Castro’s revolutionaries overthrew the Batista regime and took control of Cuba. Initially what
Castro and his supporters called an “olive green” or nationalist revolution: “Cuba for Cubans,” Castro
eventually declared it to be Communist. By the early 1960s the U.S. severed diplomatic relations and
imposed a trade embargo (Glennon, 1999).

Impact of Geopolitical Realities

The geopolitical developments of the post-World War Il days of the 1940s and the evolving
Cold War days of the 1950s demonstrated a clear need for timely and accurate intelligence about
an emerging world-wide threat. There was a need for a capability to collect global intelligence. It
was this sense of urgency that the actors in our stories found themselves thrust. The U.S. national
security establishment knew that a new intelligence capability was essential if the U.S. was to acquire
the intelligence it needed for its survival in the ideological and military hostilities of the Cold War.
This created a sense of urgency to develop such a capability that would provide U.S. leadership with
knowledge of the emerging Sino-Soviet threat—a capability that many saw as essential to American
survival—a capability that would become the Corona space reconnaissance program.

The people who developed this revolutionary space reconnaissance capability were not only
influenced by the geopolitical environment, but they also were products of mid-20™ century American
society—more specifically the decade of the 1950s. The 1950s was their preparatory decade when
society formed who they would become, the decade that created the tools that they would have to
work.

American Society in the 1950s

The post World War Il period brought the 1950s an explosion in population and an expansion
in the economy as ex-G.l.s returned home from World War Il and the Korean War. National output
had doubled between 1946 and 1956, and personal income almost tripled between 1940 and 1955.
There was a new middle class that made up 60 percent of American families with a baby-boom birth
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rate rising from 15 per thousand in 1946 to a peak of 25 per thousand as the country moved into the
1950s. Home building exploded into new suburban communities like the Levittowns in New York
and Pennsylvania. On Long Island, Bill Levitt built thousands of houses more quickly and cheaply
than anyone had been built before to create his middle-class community in Long Island’s Levittown,
20 miles from New York City. He sold a two-bedroom houses for $6,900 with no down payment for
veterans. In four years he built 17,447 houses on 6,000 acres of potato fields. This is the offsetting in
the 1950s (Evans, 1998; Glennon, 1999).

This American society of the 1950s formed the content of the stories and autobiographic
reflections you will find documented in this book. Knowledge of that society will give you, the reader,
insight into the nature of that society. This understanding will help you put the stories and story
tellers into a context that should help you better appreciate what they have documented in their
stories. What | have outlined in this section also will give any readers who lived through that decade,
some prompts to reminisce about their very different world.

In the balance of this section | will highlight the dynamics of the 1950s domestic scene, the
content of the popular culture, the activities of leisure time, and the limitations of the scientific
and technological environment. It is out of this that you should better understand who Corona’s
trailblazing innovators were.

Dynamics of the Domestic Scene

The domestic scene saw a changing political landscape, Communist espionage, the “Red Scare,”
the emergence of a civil rights movement, and a growing presence of religion in society.

Politics. The decade’s domestic political landscape opened with Democrat Harry Truman as
president. But political control of the White House changed. With a promise to end the Korean War,
retired World War Il General Dwight D. Eisenhower won the 1952 presidential election and kept the
White House for the Republicans for the rest of the decade. His vice president was former California
senator, Richard M. Nixon, a politician with a reputation as a strong anti-Communist crusader
(Glennon, 1999).

Espionage. As the 1950s began, Soviet spy cases were breaking in the U.S. and around the world.
Donald Maclean, the former head of the Chancery at the British embassy in Washington, disappeared
from London in 1951 when British authorities were about to arrest him as a top Soviet spy; he later
showed up in Moscow in the mid 1950s. Alsoin 1951, a U.S. court convicted Ethel and Julius Rosenberg
of espionage for the crime of giving the Soviet Union the design of the American atomic bomb.
The trial judge Irving Kaufman remarked that when the Rosenbergs did that, they had encouraged
communist aggression in Korea, and their crime was “worse than murder.” He sentenced them to
death (Glennon, 1999).

The “Red Scare.” With Soviet espionage activities materializing and the communist influence
expanding into Eastern Europe and Asia, the United States found itself in the midst of what was
called a“red scare.” Congress had passed the McCarran Act that required Communist and Communist
front groups to register with the Attorney General; the Truman administration investigated federal
employees for Communist tendencies; the House Committee on Un-American Activities investigated
Communist influences; and individuals—especially those in the entertainment industry—and who
had current or past Communist associations found themselves on black lists making it difficult to
find employment. In 1950 Senator Joseph McCarthy announced that Communists had infiltrated
the State Department. Later he accused the Army of harboring spies. McCarthy served as chair of
the Senate Government Committee on Operations and a Senate investigatory subcommittee.
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During a four-year period he conducted investigations (with publicly televised hearings) of alleged
Communist infiltration. McCarthy’s aggressive and public inquiries ended with the Senate censuring
him (Glennon, 1999; U.S. Statute, 1950).

Civil Rights. The 1950s saw the beginning of a strong civil rights movement that set the stage
for the landmark 1964 Civil Rights voting Act. Many students of history see the beginning of the
movement being 1 December 1955 in Montgomery, Alabama, when a 43-year-old African-American
seamstress, Rosa Parks, refused to give up her seat to a white man. A local ordinance barred African
Americans from the front of the bus and required them to give up their seats in the middle of the
bus to any white person standing on the bus. Her actions resulted in a year-long bus boycott, and
subsequently the Supreme Court ruling that all bus segregation was unconstitutional. The leader of
the boycott was then 26-year old Reverend Dr. Martin Luther King, Jr. (Evans, 1998; Glennon, 1999).

In 1954 the Supreme Court decreed an end to school desegregation. But integration did not
come that easy. Toward the end of the decade in 1957 there was a confrontation at Central High
school in Little Rock Arkansas. A federal judge ordered Arkansas Governor Orval Faubus to permit
nine African-American students to enroll in the all-white high school. Faubus refused and directed
the National Guard to seize the school and block the enrollment. The situation got out of control, and
President Eisenhower nationalized the guard and deployed the 101t Airborne Division to calm the
situation and protect the students. The result was a gradual peaceful desegregation of the school
(Evans, 1998).

Religion. There were religious leaders who became popular and dominant forces in the 1950s.
Baptist preacher Billy Graham began a weekly radio program, Hour of Decision, in 1950 and later
televised his revival meetings. He went on to become one of the most influential evangelists during
the latter half of the century becoming a visible religious adviser to Presidents. Norman Vincent
Peale (a minister of the Reformed Church of America) published The Power of Positive Thinking in
1952, which became a bestselling book. Fulton J. Sheen, a Roman Catholic bishop, was the popular
host of a TV program,’Life is Worth Living,” a program where he preached to both Catholics and non-
Catholics. The show drew some 10 million viewers each week, and in 1952 won an Emmy Award for
most outstanding TV personality (Glennon, 1999).

The shadow of World War Il and Nazism continued to haunt the religious thinking of Christians,
especially Protestants. The debate into how the horrors of Nazism could take place in the basically
Christian country of Germany became focused in 1951 with the posthumous publication of German
Pastor Dietrich Bonhoeffer's book, Prisoner of God: Letters and Papers From Prison. Bonhoeffer had
helped found an underground church that smuggled Jews out of Germany. When the Nazis linked
Bonhoeffer to a plot to kill Hitler, they hanged him in 1945 (Glennon, 1999).

Content of the Popular Culture During the 1950s

Popular culture of the 1950s saw the emergence of fast food, the explosion of rock and roll music,
and the influence of war themes in the popular culture.

Fast Food. The birth and growth of the nation’s love of fast food is best symbolized by what would
become the world’s most famous hamburger. Midway through the decade Ray Kroc persuaded the
owners of a California roadside restaurant, Richard and Maurice McDonald, to open a McDonald’s
franchise in a Chicago suburb and to license the roadside restaurant national wide. That he did and so
grew McDonald’s golden arches with its standardized hamburgers, fries, and milk shakes (Glennon,
1999).
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Music. Rock'n'Roll music—which had evolved out of rhythm-and-blues and country-and-western
music—became popular by the mid 1950s with Elvis Presley leading the way as the most influential
rock ‘n’ roller. He released “Heartbreak Hotel,” his first number-one popular hit in 1956 (Glennon2,
1999). Harry Belafonte brought Caribbean-style calypso music onto the popular mainstream during
the decade. His “The Banana Boat Song (Day-0)" was on the top of the musical charts for 31 weeks
in the mid 1950s. The decade ended with a plane crash that took three lives from rock ‘n’ roll’s first
wave of creativity: Buddy Holly, J.P. “Big Bopper” Richardson, and Richie Valens. Valens was the first
Mexican-American to enter into rock stardom with his “Donna” and “La Bamba” recordings (Glennon,
1999).

War Themes in Culture. The late 1950s saw the debut of Charles Schulz’s Peanuts comic strip with
insecure Charlie Brown and his daydreaming dog, Snoopy. Snoopy fantasized about fighter pilot dog
fights with the World War | Red Barron. But the Cold War of the 1950s was becoming a growing theme
in popular culture. Writer lan Fleming introduced secret agent 007, James Bond, in his 1953 novel,
Casino Royale. Fleming wrote a series of bestselling 007 novels, and the stories found themselves in a
number of what became very popular movies. Even though Fleming had been a World War Il British
naval intelligence officer, his fictional Bond episodes were mostly fantasy stories of the personification
of Good battling Evil, with 1950s sex appeal very much a part of the spy stories (Glennon, 1999).

Leisure Time Activities in the 1950s

Leisure time was becoming a part of everyday life, and Americans began to look to movies, sports,
radio and television for diversion and relaxation—distractions from the Cold War and Communism.

Movies. The popular movies of the decade included: High Noon (Grace Kelly and Gary Cooper)—a
western story about a marshal who risked his life to save the town on the day of his retirement and
wedding; The Bridge on the River Kwai—a fictional World War Il story of Japanese captors forcing
British POWs to build a railroad bridge; and at the end of the decade: Some Like It Hot—a sex farce
about two jazz musicians who are pursued by mobsters after witnessing Al Capone’s St. Valentine’s
Day Massacre and dressing as women (Castro, 2002; Glennon, 1999).

Sports. Baseball was the popular sport of the decade, and the New York Yankees was the top
team most of the 1950s. The decade opened with two stars joining two New York teams— African
American, Willie Mays, joined the New York Giants; and Mickey Mantle (of English, Dutch and German
heritage) joined the New York Yankees. Over their career these two players went on to hit a combined
1,196 home runs (Castro, 2002; Glennon, 1999).

Radio. Radio was in a transition between the 1950s and 1960s. It was becoming a source for
playing and promoting popular music. The 1950s was the beginning of the farewell to the golden
age of radio with its comedians like Jack Benny and dramatic presentations like, The Shadow, The Lone
Ranger,and Superman. These kinds of programs were fading, and radio was becoming a common
soundtrack for “rock and the pop, the deejays and the news, the all-night talkers and the FM fringe.”
For example, New York radio station WABC, broadcasting on 770 kHz, was the base for“Cousin Brucie”
(Bruce Morrow), a highly popular deejay who promoted popular music on the 50,000 watt station
that covered over 35 states on the East Coast (Fisher, 2007).

As radio was fading television was emerging, but radio still was a large part of how the generation
of the 1950s got to be who it became. Radio was at its peak and had turned popular culture away
from its tradition of writing and reading back to “the roots of human communication: voice and
listening.”In 1949 Life magazine asked “Is Radio Doomed?”With the advent of television, it seemed so
at the time (Fisher, 2007).
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Television. Television was coming to age as the decade began and was, in fact, replacing radio as
the focus of home entertainment. In 1950 there were 3.9 million TVs in the U.S. The number of TV
stations went from 97 in the 1940s to 550 by 1953. By 1955 there already were 30.5 million. By the
end of the decade, TV was beginning to have a major influence American society. Television news
was bringing the American public face to face with distant international events and the realities of
the Cold War. Television also was raising the public’s awareness of the emerging space age. Both
are factors that came to reinforce interest and commitments to national reconnaissance from space
(Evans, 1998; Fisher, 2007; Marling, 1994).

The decade opened with vaudeville and radio stars recycling into TV: Groucho Marx, Bob Hope,
Jack Benny, George Burns & Gracie Allen, and Jimmy Durantee. Variety shows took the lead. New York
Daily News columnist, Ed Sullivan emceed the Toast of the Town variety show; son of a circus clown,
Red Skelton, hosted The Red Skelton Show comedy-variety show; Comedians Sid Caesar and Imogene
Coca were the leads on The Show of Shows. The vaudeville star, Milton Berle, hosted the number one
TV show, Texaco Star Theatre—70% of all viewers watched the show. “Uncle Miltie” and television
had become so much a part of society that he and television were reflected in the humor of the day:
Question: “Why is everybody putting a television set on their stove? Answer: To watch Milton Boil”
(Edgerton, 2007; Fisher, M., 2007).

Radio stars and their shows easily made the transition to TV, as new and old shows joined the
nightly line up: Arthur Godfrey with his Talent Scouts show (long before Fox TV's American Idol began
searching for new recording artists in 2002); westerns, like the Lone Ranger and Hopalong Cassidy;
children shows like, Howdy Doody (with kids screaming in the “peanut gallery” and Buffalo Bob Smith
hosting the show with his puppet side kick) and Kukla Fran, & Ollie (another children’s show with host
Fran Allison and puppeteer, Burr Tillstrom); quiz shows like What's My Line? and Twenty Questions; and
comedies like Jackie Gleason’s The Honeymooner's and Lucille Ball’s | love Lucy. Lucille Ball and her
husband, Desi Arnaz, premiered their show in 1951, and it had more than 60% of the total television
audienceinits first season. The show ran through 1957 (American Idol 2011; Edgerton, 2007; Glennon,
1999).

By the mid 1950s, CBS launched a new adult-style TV western, Gunsmoke, which had a 20-year
TV run. Children’s shows became more sophisticated with Walt Disney’s Mickey Mouse Club, featuring
Annette Funnicello and the singing Mouseketeers. It was a time on TV when there were ethnic themes
to many of the comedy shows: Irish in Los Angeles with The Life of Riley; Jewish in New York with the
Goldbergs; and African-Americans in Harlem with Amos ‘n’ Andy (Edgerton, 2007).

As early as 1951 the Italian composer Gian Carlo Menotti brought opera to television when he
composed Amahl and the Night Visitors for one of the first TV specials for NBC. Amahl, the story of
a lame shepherd boy who crosses paths with the Three Wise Men, was the first opera written for
television (Glennon, 1999).

Television of the 1950s established the template for much of the programming for the next 50
years. On 27 September 1954, personality Steve Allen premiered NBC’s Tonight Show which became
an institution as a late-night “sofa-and-desk” show with a large measure of comedy and where
guests became involved in interviews, discussions, and performances. Earlier (1952) Dave Garroway
premiered NBC's early morning Today show. The network broadcast the program from New York’s
Rockefeller Center on the first-floor of the RCA Exhibition Hall where people on the street could peer
into the window, watch the show, and wave to the camera. It was a news-magazine-entertainment
show and became the morning standard for broadcast and cable television (Edgerton, 2007; Glennon,
1999).
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News also became a focus for evening television. The Korean War and the emerging Cold War
became the basis for the growth of TV news. What started as fifteen-minute dinnertime news
broadcasts would grow into the half-hour evening network news and later cable news network
newscasts. The early newscasters—John Daly, Douglas Edwards, and Edward R. Murrow—soon
became household names. The Huntley-Brinkley Report, with co-anchors Chet Huntley and David
Brinkley, had a format that provided a model for future news programs. The news-interview TV talk
show format began airing Sunday mornings beginning in the 1950s with NBC's Meet the Press. News
shows and political talk shows suddenly brought distant wars and distant international threats into
every home on a scheduled basis (Edgerton, 2007; Glennon, 1999).

Limitations of the Scientific and Technological Environment of the 1950s

Science and technology were becoming dominant forces in the 1950s. Medicine was making
breakthroughs; computers were emerging as a foundation for the soon-to-be information age;
nuclear energy was finding peaceful applications; and space was a new frontier.

Medicine. The 1950s saw dramatic scientific advances for medicine. James Watson and Francis
Crick (1953) published a paper that explained the structure of DNA and revolutionized biology with
great implications for medicine.® The 1950s saw a number of revolutionary advances in medical care,
a number of them were breakthroughs that reduced the risk of cardiac death. Dr. John H. Gibbon
developed the heart-lung bypass machine at Philadelphia’s Jefferson Medical College Hospital. In
1953 Dr. Charles Hufnagel implanted the first artificial heart valve at Georgetown University Medical
Center (Glennon, 1999).

Poliomyelitis was at its peak in 1952 when it claimed 58,000 Americans. But on 12 April 1955, Dr.
Jonas Salk announced a new killed-virus vaccine that was effective in preventing polio. It had been a
paralyzing disease where the virus destroyed motor neurons that controlled muscles. It was a feared
by the population and mostly a childhood disease* where many children with the disease ended up
in iron lungs in order to breath (NMAH, 2011; Schmeck, 1995; WHO, 2010).

Computers. In 1950 the office supply company, Remington Rand, bought a business from John
Eckert and John Mauchly who, in the mid 1940s, had built the first all-purpose, all-electronic digital
computer for the U.S. Army. In 1951 Remington Rand subsequently delivered to the U.S. Census
Bureau the UNIVAC, the Universal Automatic Computer—what was an innovative digital computer
that used magnetic tape (not punch cards) and could read 7,200 digits per second (Glennon, 1999).

Nuclear Energy. Nuclear Energy was making its appearance as an energy source during the
1950s. On 20 December 1951, the National Reactor Testing Station in Idaho was the first station to
generate electricity from nuclear power. It produced about 100kW(e), which was enough to power
the equipment in the small reactor building. In January 1954, the U.S. Navy launched the Nautilus,
the worlds’ first nuclear-powered submarine. During its inaugural voyage from New London, CT to
Puerto Rico, it logged 1,281 uninterrupted under water miles at an average speed of 16 knots. By the
end of the decade, the sub established another record in a blind cruise under 35-feet of ice of the
North Pole from Point Barrow, Alaska to the Greenland Sea. In 1957 the Shippingport Atomic Power

3 Watson and Crick were office mates at Britain's Cambridge and worked as a team. Like the Corona pioneers, they were not
afraid to seek advice and make mistakes as they searched for solutions. By using X-ray diffraction photographs, they pieced
together the structure of DNA and showed it to be a double helix, i.e., two intertwined, spiraling strands of polymers. Their
findings explained how genes were replicated and revolutionized genetic science (Glennon 1999, Watson & Crick 1953).

4 Polio also could affect adults. President Franklin Roosevelt contracted polio as an adult in 1921 at the age of 39 (NMAH,
2011).
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Station in Pennsylvania connected to the grid, and it could have an output of 60 MW(e). By the 1960s
there were demonstration power reactors in operation in all leading industrial countries (IAEA, 2004;
U.S. Navy, 1999).

Space. The space age began in 4 October 1957 when the Soviet Union successfully launched the
first artificial Earth satellite, Sputnik 1. At first there was shock in U.S. when Americans saw that the
USSR, which most Americans assumed to be technologically inferior, had beaten the U.S. into space.
This was followed by a sense of panic because of the reality of how space technology easily could be
applied to weaponry (Glennon, 1999).

More basically, a human presence in space marked a fundamental change in how humans would
communicate, conduct war, collect intelligence, and interact with the universe. The railroad was
fundamental to the 19" century; the automobile to the 20" century; and the space operations would
become fundamental to the 215t century. But it was the ingenuity of engineers during the 1950s and
second half of the 20" century that would set the stage for the space age of the 215 century—and
space was where the actors of the stories in this book were looking (Evans, 1998).

Conclusion

The story tellers in this book and their families had lived through the hardships of the Great
Depression during the 1930s and the horrors of World War Il from 1938 to 1945. The post-war society
of the 1950s was a new beginning of hope and prosperity, and they had first-hand appreciation for
that new life. But they also were witnesses to the emergence of the Cold War and its threats to U.S.
national security.

The early days of the Cold War in the 1950s were ones of growing fear of Soviet attack on the U.S,;
the realities of the atomic blast at Hiroshima and Nagasaki had demonstrated the consequences
of such an attack. The Soviets had that capability and were armed to use it. The pressure was on
the Intelligence Community to collect information about that Soviet threat. The words of radio
commentator H. V. Kaltenborn in 1945 anticipated what was to come after Hiroshima and Nagasaki:

“Anglo-Saxon science has developed a new explosive 2,000 times as destructive as any
known before . . .. For all we know, we have created a Frankenstein! We must assume
that with the passage of only a little time, an improved form of the new weapon we use
today can be turned against us.”

—H. V. Kaltenborn, 1945

These word made it clear what these trailblazers in space reconnaissance had to do; they had to
ensure the U.S. had a reconnaissance capability that would give the U.S. information necessary to
avoid those apocalyptic weapons being used against American society that they had been living in
the 1950s.

Communist aggression and nuclear holocaust threatened the new way of life in the American
society of the 1950s. As we have seen, that American way of life was a period of dynamic, multi-
dimensional transitions—not only one emerging from the sacrifices and sufferings of the Great
Depression and the Second World War, but also that of experiencing the beginning of the information
revolution and the space age. There were opportunities for creativity; there was an imperative for
action. The emerging technologies were opening the way to take advantage of the dimension of
space; the realities of the Cold War were threats that could make it go hot and destroy post-war
society.
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| believe knowledge of these realities—and the experiences of the generation of engineers,
military personnel, and intelligence officers whose stories are in this book—are what inspired them,
motivated them, and gave them the psychic strength to accomplish the “Corona miracles” that Ingard
Clausen talked about in his opening essay.

The narrators of the stories in the chapters knew from their life experience how dedication to the
mission, imagination, perseverance, and teamwork could create miracles. They had a commitment to
protect and preserve the good life of the 1950s—a life well-deserved after the prolonged depression
and 4 years of war. Their narratives are the explanations of the miracles and the stories of how they
contributed to winning the Cold War.
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PART I

THE CHALLENGES IN DEVELOPING
THE CORONA SYSTEM AND
['TS EARLY USE

The Air Force and CIA began the Corona program as a joint activity, following up on the
success of the cooperative U-2 program. ... The Corona schedule, from beginning to first
launch, was one year.

A. Roy Burks, Corona Program Director

“Three Decades with the NRO," Beyond Expectations—Building an
American National Reconnaissance Capability, pp. 174, 180.
American Society for Photogrammetry and Remote Sensing, 2002

[Corona was] developed in only 16 months to become the first photoreconnaissance
satellite. The spy satellite filled in the gaping holes in the U.S. knowledge about Soviet
nuclear armaments during the hottest part of the Cold War.

Lyndon B. Johnson, President of the United States
Remarks in Nashville, Tennessee
March 16, 1967

The imagery [from Corona] profoundly altered the course of the Cold War.

Jeffrey K. Harris, Director, National Reconnaissance Office
Correspondence
November 1995

The contributions of the Corona team cannot be overstated. Not only did their
achievements help the U.S. win the Cold War, but they also led to the development of a
wide variety of today’s technologies.

Peter B. Teets, Director, National Reconnaissance Office
Remarks at Charles Stark Draper Prize Presentation
February 21, 2005

The Central Intelligence Agency (CIA) and the United States Air Force developed the Corona
satellite to do something that never had been done before: take reconnaissance photographs from
space. In Part |, those who participated in the development of the Corona system and its early use
share stories about their experiences in facing and overcoming the challenges of working on a
program that was ahead of its time.
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Chapter 1

REFLECTIONS ON CORONA’S
TOUGH CHALLENGES

Ingard Clausen
First General Electric Project Manager,
Corona Satellite Recovery Vehicle

In his position as the first General Electric (GE)
project manager on the Corona Satellite Recovery
Vehicle (SRV), Ingard Clausen became intimately
familiar with the project and its significance. In
this chapter, Clausen recounts the major challenges
the Corona program faced and the miracles the
trailblazers of reconnaissance performed in order
to make the project successful.

Figure 1. Ingard Clausen. Photo courtesy of General Electric.

Almost all praise for Corona falls short of giving due credit for the system. The praise highlights the
program’s successes, but avoids the fact that the Corona team ran a “risky race” and overcame tough
challenges through “miraculous saves,” determination and innovation. The U.S. military provides the
best example for bestowing praise. They learned long ago that in order to separate “heroes” from
“superior performers,”you must place “risk before result” The excerpt below from a military citation of
mine exemplifies this lesson:

"

.. with utter disregard for his own safety from intense, close range, enemy mortar
fire, (he) advanced in front of the (10th Armored division) ... his action made possible
... the advance by the (division) and reflects great credit upon himself and the military
forces...”

Like this example, the members of the Corona team faced significant risk in order to accomplish
much. | was part of the team that won the “risky race” to successfully develop, launch, and operate
the Corona system. The team deserves praise not only for the successes of the program, but also
for dealing with the tough challenges and early failures of the program. Their story, and my story, is
defined by winning the risky race by making the miraculous saves.
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A Risky Race

First, let me define “risky race!” The race was to meet President Eisenhower’s edict to fly a
photoreconnaissance satellite in one year and bring back film from space in two years. The risk arose
because no one could have met Eisenhower’s one-year schedule and still conduct business as usual.
If we had been compelled to follow Air Force specifications for qualifying designs and for accepting
hardware for space flights, we would not have succeeded. The Air Force specifications or “laws” were,
“thou shall not fly space mission components that have not been successfully operated in the space-
like environment including tests of shock, temperature, vibration, acceleration, humidity, altitude,
noise and life”

At General Electric (GE) we had been following those “laws” for the four years preceding Corona.
Forexample, | borrowed the Navy’s Line-of-Balance approach to track nuclear submarine components
running through test facilities as if they were production lines. | suspect that all contractors on the
Corona project set-up the required space environment tests program for components, and got as
many of them as they could done before the first flight was made. We, too, qualified them all at GE,
but not before the first flight.

Miraculous Saves and Tough Challenges

Next, to define “miraculous saves,” | draw upon a more recent example when the word “miracle”
was introduced to discuss a new intelligence community imagery satellite system. At the final
congressional hearings held to cancel the system called “Future Systems Architecture,” committee
member, Representative Heather A. Wilson from New Mexico said, “We were promised two miracles
by Boeing and received neither” She concluded, “Congress should never again allow more than one
miracle per intelligence contract.”

The trailblazers of the Corona program broke that rule many times. The difficult challenges Corona
faced, over and over, required many miracles, not just one. The project was committed to meet nearly
impossible mission requirements when the risk of failure was very high indeed. We used “saves” such
as shortcuts, back doors, and appeals for higher authority. The “tough challenges” required us to
stretch our thinking, to get outside of the box, and to make personal sacrifices. Accomplishing a
miracle deserves a hero's commendation, but the hero seldom gets one, especially when working on
classified programs. That is the Corona story.

The three most important Corona challenges we overcame deserve special attention because
there were a number of commendable miracles associated with the challenges. The three challenges
are:

1. Mission Profile: This challenge included building the vehicles, properly sequencing the
complex components, and other operations during an entire mission from the first launch to the
first successful delivery of a returned object from space to the White House.

2. Schedule: This challenge arose from the incredibly short development time compared
with Corona’s space predecessor, the Intercontinental Ballistic Missile (ICBM) reentry vehicle
development schedule for example.

3. Team Building: This challenge developed from the necessity of identifying the right people
and building an exceptional team during the Corona project.
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Mission Profile Challenges

For its time, and even by early twenty-first century standards, Corona was a complex space
photoreconnaissance system. The Corona program office launched the satellite into a low earth
orbit where it imaged specific portions of the earth. After the satellite photographed targets on the
earth’s surface, it ejected a Satellite Recovery Vehicle (SRV) with the film; the SRV reentered the earth’s
atmosphere, and the Air Force retrieved the film package in mid-air for development and exploitation
at ground facilities.

The complicated Corona mission is illustrated below. The circular, dashed line arching above the
earth is the orbit path. Along this line of orbit, you see the Corona vehicle in mission sequence. The
sequence begins with Douglas’ Thor rocket boosting Corona to the required orbital path. Atop the
Thor sat an Agena vehicle with the camera system, and the SRV at the tip. Lockheed’s Agena finished
boosting Corona into orbit. Once in proper orbit, the Agena stabilized in all three axis and controlled
the camera and imaging through seventeen orbits. When imaging stopped, the Agena oriented in
the opposite direction of the orbit path.

The “photo recovery” phase of the mission started as the Agena passed over the North Pole and
the SRV headed south toward the recovery target zone over the Pacific Ocean. After entering the
earth’s atmosphere, a parachute would deploy. The descending recovery vehicle would then be
snatched from mid-air by an Air Force C-119. The film would then be returned to the continental
United States where Central Intelligence Agency (CIA) photo interpreters would review the film for
photointelligence that informed the President and other senior U.S. government officials.

I have modified the mission profile graphic to summarize a “world’s first” accomplishment for
each point within the mission profile. There were several firsts that were miracles in their own right.

One of Corona’s most important “firsts” was the completion of each of the steps in the mission
profile. The failure of any single step would have terminated the entire mission. The odds were against
this, but we beat those odds with Discoverer 13 when all segments of the mission profile succeeded.
It was a genuine miracle.

The CIA pressed for camera changes on Corona that were critical for better interpretation. The CIA
requested the changes during an operational flight series, another important first. Even at the start
of the 21st century, making these critical changes during the course of an operational flight series is
still considered very high risk. Itek deserves high commendation for getting it done against the high
odds of failure.

The Agena’s challenge was to hold Itek’s reconnaissance camera straight, level, and without roll,
while laying a virtual orbit-track on the earth below that included targets. The Agena’s success in
allowing Corona to lay a 500,000-mile track on the earth’s surface in one mission is a first and another
miracle.

Another of Agena’s firsts was when it rotated to point backward, tilt down, and signaled the SRV to
separate and to push-off. With the uncertainties introduced by seventeen orbits, the miracle comes
from the nine C-119s finding and retrieving the SRV in a 200 by 600 mile target area after traveling
500,000 miles. By comparison, the ICBM reentry vehicles of the time targeted a 10-mile diameter
circle after travelling only 5,000 miles. This is an impressive feat for Agena.

The SRV was a completely open-loop system, meaning it could only accept aiming as it pushed
off from the Agena, hopefully with minimum disturbance. It then fired off its Jet Fuel Assisted Take
Off (JATO) bottle with the faith that it will burn at the specified thrusts for the right duration, and with
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1.

Thor boosts Agena and Satellite Recovery Vehicle (SRV) to near orbit.
Three spent strap-on boosters drift away.

2. Agena boosts SRV into orbit, having separated from Thor, seen drifting off

to the left.

3. Agena's 3-axis stability points camera along a longitude track. Camera

shoots swaths across this track.

4. All film is exposed and reeled into SRV, Still in orbit, Agena rotates nose to

5.

B.

10.

11.

12.

13.

14.

the back and tilts down 30 degrees, thus aiming the SRV,

SRV blows bolts, springs out, spins up for stability, fires retro rocket, and
starts down de-orbit and ballistic path.

SRV de-spins and Reentry Shell protects from reentry heat. SRV discards
gear. Controls detect 1-g at 55,000 ft.

. Reentry Shell pushed off. Capsule cover is released, pulling out drogue,

pilot, and reefed main chute.

. Reefs blown away, 24-ft chute inflates, and descent rate is 20 filsec as

capsule reaches 20,000 ft.

. Grappling hooks, suspended between two booms out from the C-119

aircraft, snag the 1,500-b lines in chute.

Ajrcraft Commander tracks capsule beacon, often taking several passes
for mid-air recovery.

To cover a 200- by 600-mile impact target area required nine C-119s, each
assigned to a target zone.

First National Photographic Interpretation Center (NPIC) was an old auto
sales building.

Head of NPIC presents 20- by 23-in photo boards and interpretation for
President Eisenhower,

In 1961, President Eisenhower showed that 250 Soviet missile sites were
a myth and we did not need to mobilize.

the belief that it will hit within the required target area. There was no feedback and no mid-course
corrections, no matter what. Weight restrictions killed any idea of closed loop mid-course corrections
or of diagnostic telemetry on the SRV because any weight addition would rob the vehicle of film
capacity. It was a tough challenge to meet, but the SRV was almost always within the range of some

Figure 2. Corona Mission Profile Challenges.

the C-119s, an important first for space programs.

The revered Theodore von Karman said that our toughest problem was survival of the SRV though
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CORONA MIRACLE...
ALL 14 OF CORONA'S ESSENTIAL STEPS
ARE ALSO WORLD FIRSTS

1. THOR— First to boost 4000+ Ibs into near orbit.
2. AGENA— First second stage boost of 4000+ Ibs into orbit.
3. AGEMA— First 3-axis stable base in orbit and orbit recon mission.
4. AGENA— First turn around and aiming of Satellite Recovery Vehicle (SRV).
5. SRV— First to cut loose, stabilize, ignite rocket, and de-orbit.
6. SEV— First Reentry Shell to survive de-orbit.
7. SRV— First third stage chute slows from hyper to sonic.
8. SRV— First delivery to 20,000 ft at 20 ft/sec.
9. CREW— First mid-air recovery of anything from orbit.
10. AF PILOT— First to position aircraft to snag film capsule.
11. AF TEAM— First deployment of nine C-119s to cover 200 by 600 miles.
12. ClA— First to identify Soviet intercontinental ballistic missiles from space films.
13. ClA— First to present orbit findings to President Eisenhower.
14. PRESIDENT EISENHOWER— First to declare “no missile gap.”

Figure 3. Corona’s Important “Firsts.”

the searing heat of reentry. We initially solved that problem on the ICBM project. The Corona orbit
reentry had three or four times the plasma duration of the simpler ballistic problem we had solved
for ICBM reentry. My colleague, Rowe Chapman, ran computer programs many nights to keep up
with our fellow colleague, Bob Chamberlin (see his account in chapter 15), who worked each day
to assure the SRV's survivability. We were proved right on the second flight when the SRV landed
on Spitsbergen (see chapter 14 for more information). Rowe Chapman and Bob Chamberlin were
extrapolating with little time—a risky game on a critical program—but it worked.

People frequently see the C-119 mid-air recovery of the capsule as the most spectacular and
daring of the Corona feats. To the credit of the Air Force, they and their forbearers had been preparing
for this drill for decades including mid-air recovery of air mail in the 1930’s, mid-air recovery of our
secret agents in Europe during World War I, and mid-air recovery of the Genetrix 800-Ib camera
payloads floated by balloons over Soviet territory in the 1950's. The latter was the “jaw of defeat”
from which a victorious Corona sprang. Taken altogether, consistently successful mid-air recovery
was another miracle.

Analysts at the CIA’'s National Photographic Interpretation Center (NPIC) created three
breakthroughs. First, they identified the ground signature of Soviet ICBM sites and vehicles given
only 20-ft resolution. Second, NPIC analysts increased the “factory capacity”to handle ever increasing
photographic images. Third, they handled, interpreted, cataloged, stored, and retrieved all those
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wonderful images. Their ability to meet three tough challenges in a row earns another miracle.

The Corona vehicular system (Thor, Agena, and SRV) was a single shot, unattended, automatic
machine with a brain based on punched tape—the predecessor to punched cards. The only possible
intervention from ground stations in the late 1950’s and early 1960’s was to “trim the sails” or slow
the vehicle down. Despite the lack of control from earth, the Corona system brought back 1,700,000
square miles of photo coverage of Soviet territory—more film on the first shot than all of the manned
and serviced U-2 missions combined. The Corona system was a robotic pioneer of pioneers, a miracle
in its own right.

Most of the equipment on Corona was electromechanical or chemical-mechanical, the bane of
reliability and long life in space. Electromechanical equipment failures caused most flight failures in
military spacecraft during this period, Corona included. We met the tough challenge of increasing
Corona’s reliability over the life of the program, especially given the potential reliability problems
with electromechanical components.

Mission Schedule Challenges

There were six critical elements that shaped the schedule challenges for a successful Corona
program. First, as described above, the mission profile steps were all firsts and each introduced
potential for schedule slippage. Second, President Eisenhower’s edict that the system would fly in
one year after initial development and return film in two was aggressive given our capabilities at the
time, to say the least. Third, Corona program leaders Jim Plummer and Col Lee Battle committed to
the schedule despite the risks. They employed a brilliant management tactic by telling program team
members to be there on time or we fly without you. Nobody wanted to be left behind. Fourth, many
system components flew without complete environmental testing, introducing risk of on orbit failure
and further delay. Fifth, to maintain support of President Eisenhower, Corona program mangers
indicated that earlier Corona failures were not due to the same causes. Sixth, the first operational
flights provided a platform for testing system components and likely reduced the schedule by as
much as a year.

To illustrate the aggressiveness of the Corona schedule, | have included a comparison of
Corona'’s remarkable development schedule to GE's development of the world’s first Intermediate
Range Ballistic Missile (IRBM)/ ICBM reentry vehicles. Although | could not add the completion of
system test dates and flight readiness dates, we can reach some startling conclusions on Corona’s
remarkable schedule. (Only the development flight tests were flown. In chapter 4, Hilliard Paige
discusses those flights without mentioning dates, but with their contribution to Corona explained in
some detail.) The ICBM reentry vehicle’s component environmental tests took more than a year, even
through the schedule shows a year. During that year we reduced the odds of flight failures during
development flight tests by component, subsystem, and system environmental testing. We carried
out the full spectrum of testing including Shock, Temperature, Vibration, and Acceleration (STVA) for
development flight simulation. We followed with Humidity, Altitude, Noise, and Life Tests (HANL) for
operational flight simulation.

We hedged a little on how long these tests took because sometimes a component would not
pass and we would go ahead and fly it in a development flight test anyway. For example, one of
our components, the arming and fusing component, never did pass its design, environmental, and
qualification tests. Because of time pressures, we flew our first development flight test with it on
board, and it worked perfectly through all of the development flight tests. In other words, we had
proved that the design was qualified for operation by flight-testing it, the best simulation possible.
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FLIGHT 13
WAS SUCCESSFUL
SHOWING THAT FAILURE
FIXES HAD QUALIFIED
ALL OF CORONA FOR
FL|GH'['EUCC ESS

12 FLIGHT
FAILURES, WITH THE
FPRESIDENT FIGHTING

CAMCELATION PRESSURES
T

= MANY COMPONENTS =
FLEW BEFORE
ENVIRONMENTAL TESTS
MEANING HIGH RISK

FLUMMER. & BATTLE
COMMIT TO DATES,
A COURAGEOUS ACT

IKE'S EDICT
FLY YEAR 1, FILM YEAR 2,
.. IS 1 YEAR TOO FAST
FOR GENERAL ELECTRIC

ALL MISSION STERPS
ARE FIRSTS THUS
HIGH RISK

Figure 4. Corona’s Challenges.

We used this same approach for Coronaand it became
the rule rather than the exception for the Lockheed/Air
Force schedule. It shortened the Corona development
by at least a year and proved critical to national security.
In saving that one year, President Eisenhower was
permitted to keep his Soviet information pipeline open
after the Soviets downed Francis Gary Powers' U-2
in May 1960. Discoverer 14 was successful just three
and a half months later, giving Eisenhower continued
photointelligence of the Soviet Union.

The roadmap of schedule challenges was fine
tuned to meet President Eisenhower’s edict for
photoreconnaissance from space in two years. The secret
was to substitute expensive operational flights for cheap
ground environmental tests and buy a year, at the very
minimum, of schedule time.

Looking back, itis nearly unbelievable that the project
was not cancelled after twelve flight failures in a row.
Twelve failures are four times more than what seemed
to be common practice at the time for development
projects. Corona’s flight failures generated extreme
pressures on President Eisenhower to cancel the project.
President Eisenhower could not tell most people why the
project was so important. He faced another significant
concern that NATO countries would balk at satellites
capable of spying on them. Finally, every Corona launch
was public knowledge, courtesy of Aviation Week, and
failures could not be concealed.

If the program failed completely, it was entirely
possible that Eisenhower could have to leave office with
a tarnished legacy because he permitted so many flight
failures. During a final term, when legacy is so important,
that is a very big risk for a President to take. It took a very
unusual President to ignore those pressures.

With respect to Plummer and Battle, if they had failed in their leadership of Corona, they would
have failed to reveal one of the bigger hoaxes in the Cold War, the so-called missile gap. Also, they
would have become the leaders who threw away one of the most important sources of intelligence
for helping to win the Cold War by terminating Corona. They are to be commended for their

extraordinary courage.

There were others who merited respect. For instance, | remember that the only people who could
walk into a Corona briefing and receive a standing ovation were Kelly Johnson, developer of the
U-2; Richard Bissell, the CIA’s top Corona leader in the earlier years; and Bob Truax of steam rocket
fame. The Eisenhower, Plummer, and Battle triumph may be an important miracle in our nation’s
history, but one that is not likely to be fully recognized.
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CORONA'S MIRACULOUS DEVELOPMENT SCHEDULE

EVENT
Contract Signed
Complete Design
Build Prototype
First Flight Failed

First 12 Flights Failed

Flight 13 Successful (o fim)
Flight 14 Successful ifam)

-2 Shot Down (with soviet images)

IRBM AND ICBM REENTRY VEHICLE DEVELOPMENT
EVENT 1955 1956 | 1957 1958 | 1953
Letter of Intent ~Mary
Design Completed ~May
Component Environmental Tests ~May

System Environmental Tests

Development Flight Tests CLASS-'FI'ED
Operating Capability Achieved jirewm)

Operating Capability Achieved jcem

Nete: ~ = Approximate Date

Figure 5. Corona’s Development Schedule Compared with the IRBM/ICBM Reentry Vehicle Schedule.

Team Building Challenge

The Corona project brought out the best professional behavior of those who joined the team. In
a normal work environment, it is not unusual for a new engineer to take up to twenty-six months to
get up to speed in a new job. In the Corona program, that same engineer would be owned by the
project in thirteen weeks as he worked with all of the other team members in the same segregated
area. When you assign that engineer to a black project with a mission from the President to save one
hundred cities and all of our ICBM sites, he will be willing to do things that he would not have done
in a normal work environment. He will be willing to sweep the floor and empty the trash, and do his
own drafting (unheard of at GE). He will neglect his wife and family over an extended period. He will
lie about what is he working on, or when he has to buy something for the project, or has to ship to a
dummy address. He will go without a pay raise or promotion for an extended period because his real
boss has no idea what he is doing.

This level of devotion to the project was the Corona miracle of team building. Ninety-nine percent
of GE's Corona team members will admit that Corona was the high point of their lives. That is true,
even surpassing for many their first real date, marriage, children, and current all-consuming passion
of many former Corona team members, grandchildren.

Every engineer who designed some part of reentry vehicles was contributing to a critical line of
defense by designing equipment to survive in space, the hard way, using engineering tools of the
1950's. Upon joining Corona, program leaders asked for complete devotion to this high-powered,
crash project. No one turned down the request.
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A black project that promises to reduce the threat to our cities and our defenses is a miraculous
team builder. A team was built to complete a three or four year program in only two and one-half
years. Sorry, Congresswoman Wilson, it took fourteen miracles to bring back the secrets that helped
win the Cold War. One was not enough.

TEN CORONA MIRACLES

Mid-air recovery was a huge Air Force success.
National Photographic Interpretation Center (NPIC) killed “missile gap”.
The black project fostered elite, highly motivated Corps, because of mission.
Defying risk of changing qualified design, ltek improved resolution from 25 to 6ft.

The Reentry Shield was successfil first time up fo bat, and through all the rest of the missions.
The shield and 5-stage parachute reduced speed from 25,000 to 13 mph, a 2,000 fo 1 reduction.

Agena, first 3-axis stable orbiter, laid a 500,000 mile  orbit track for the camera sweeps
through seventeen orbits.

Flummer/Batile committed to a 1-yr-te-launch schedule, substituted flight tests
for some ground tests, and made it happen.

President Eisenhower was in touch with all 12-in-a-row flight failures and held firm
with Corona over intense oppasitian.

Al 13 critical mission steps (e.g., mid-air recovery) were world's firsts.

Figure 6. Corona’s Ten Miracles.
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Chapter 2

THOR BOOSTER CHALLENGE

Ingard Clausen
First General Electric Project Manager,
Corona Satellite Recovery Vehicle

Although the Thor Booster was not an immediate success, circumstances allowed
for it to overcome several consecutive failures and become a space workhorse. In the
account below, Ingard Clausen, the first General Electric (GE) project manager on
Corona’s Satellite Recovery Vehicle (SRV), recalls the history of Thor and its significance.

The History of Thor, First Stage Booster for Corona

The Thor booster was born as an Intermediate Range Ballistic Missile (IRBM). The Thor was not an
instant success. The development program survived six consecutive failures, an impossible feat for a
development project since the end of the Cold War. (The ICBM Atlas was running late, a contributing
factor in the Douglas/Thor team being able to work through those six consecutive failures.)

Following successful qualification as the U.S. IRBM, and the delay in the Atlas Intercontinental
Ballistic Missile (ICBM) resulting from budget constraints, Gen Schriever, head of Air Force Research
and Development, successfully sold the idea to the Administration and the Department of Defense
thattheThor, sited in Great Britain and Turkey, could reach large Soviet cities and industrial capabilities.
This portrayed Thor as playing a part in the strategic role expected of the Atlas ICBM starting in 1959.
After a bargain was struck between Khrushchev and Kennedy, the British and Turkish sites were to be
disbanded starting in 1962. | have heard that the Air Force did not dismember those sites until much
later, perhaps unbeknownst to Kennedy, if not to Khrushchev.

The Significance of Thor

Thanks to the Air Force and Douglas Aircraft, the Thor program went through at least six major
improvements in thrust and became a military and civilian space workhorse.

Thor was a sure thing as Corona’s first stage booster because that’s all there was. The National
Museum of the U.S. Air Force says that the Thor “proved to be one of the most successful U.S. satellite
launch vehicles of the Cold War era”’

But even that is not a strong enough commendation as Thor was to become even more valuable.
Capitalizing on the lateness of Atlas, the next step for the Thor was to team up with the Agena on
the Mariner series at Jet Propulsion Laboratories (JPL). Thanks to Thor, Mariner-4 photographed the
backside of Mars in a very successful mission.
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Figure 7. Thor Booster/Photo courtesy of United States Air Force.

Thor got a renewed life when the National Aeronautics and Space Administration (NASA) was
forced down the small spacecraft route, with the so-called small interplanetaries, an economy move.

The following table provides more background information about the vital statistics for Thor, at
the beginning of Corona.

Table 1. Thor’s Statistics
Range 1,750 miles
Length 65 ft
Diameter 8 ft
Gross takeoff weight 10,000 Ibs
Empty weight 6,903 Ibs
Fuel weight 103,100 lbs
Propulsion Rocketdyne
Thrust 150,000 lbs
Inertial guidance AC sparkplug
Accuracy 2 miles
Start date December 1955
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Chapter 3

THE AGENA BOOSTER
PLATFORM CHALLENGES

Minoru S.“Sam” Araki
Systems Engineer, Lockheed Martin
Missiles and Space

Starting his career at Lockheed Missile and
Space Company in 1957 and eventually becoming
president (1995 to 1997), Minoru S. “Sam”
Araki pioneered the development of the Agena
Spacecraft, the world’s first stabilized platform
for space. “His contributions resulted in a space
platform that the National Reconnaissance Office
used during the majority of its space-based Sigint
and Imint systems, most notably for the highly
successful Corona system. In this section, Araki
discusses the history of Corona, outlining some
of the important “Space Firsts,” chronicling the
stages of development, and highlighting several
of its legacies.

Figure 8. Minoru S.“Sam” Araki. Photo courtesy of
National Reconnaissance Office.

Agena was the spacecraft used for Corona. In this chapter, | will discuss this spacecraft, which
made the world’s first orbital reconnaissance and film recovery system possible.

The Agena served several different purposes for Corona that | will address. Part of the Agena was
the Upper Stage Booster for Corona during launch, engines to the left. As a reconnaissance space
vehicle, it provided three-axis stabilization, steering, and pointing so that the camera payload could
take quality photos of Soviet locations. As an orbiting spacecraft, it powered, commanded, controlled
and environmentally-controlled, steered, and housed on-orbit operations. The Agena oriented and
signaled the Satellite Recovery Vehicle (SRV) to separate and, in later operations, performed the
deboost function from orbit of the SRV.

There were three configurations of Agena: Agena-A, Agena-B, and Agena-D (there was no
Agena-C). See figure 10 for a comparison.
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Figure 9. The Amazing Growth of the Agena, 1958-1962.

Agena-A. The left illustration of figure 10 displays the propulsion coming out of the rear of the
Agena-A. It was an 8,000-Ib thrust engine made by Bell Aircraft.

A battery provided the electric power. Later versions used solar power augmentation to provide
up to nineteen days of orbit.

The guidance system consisted of three-axis gyros and Infrared (IR) sensors. These two IR sensors
looked at the first space break point. Nitrogen cold gas jets acted as miniature rocket engines to drive

the needed stabilization and pointing motion of the spacecraft and push the spacecraft as needed
in no-gravity space.

The whole guidance system was a “dead man” system, meaning that when it failed to operate, the
remainder of the spacecraft continued doing what it was doina.

DUAL START MULTISTART
CAPABILITY
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(Feb. 1958 firat flight) (Oct. 1960 firat flight) {Juna 1962 first flight)

Figure 10. The Three Stages of Agena Development.
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For command telemetry, we used a timer. The Agena also had an analog telemetry system. Later
on, it transitioned to a Pulse Code Modulation (PCM) telemetry system, but the main command
system was always on the ground.

Agena-B. Agena-B first flew in October 1960. It evolved in a short period and improved the Agena
A. In the center sketch of figure 10, the Agena-B is shown as approximately doubling its propellant to
16,000-Ibs. More propellant meant more film payload and more steering and orbit change capabilities.

Agena-D. The Agena-D first flew in June 1962. The right illustration of figure 10 illustrates Agena-
D’s additional capabilities.

Agena Successes

In an orderly and progressive manner, one or another of these three models of the Agena set
world records that guided the future design of military spacecraft (see Table 2).

Table 2. Agena’s World’s First Records

First to achieve a polar orbit

First to reach a required orbit with good precision

First to enable earth recovery of its orbiting payload

First to adjust its own orbit

First major spacecraft to reorient itself

First spacecraft to achieve gravity gradient stabilization (thus, first passive
stabilization)

First land-based, operational, command and control network for spacecraft

First three-axis stabilized spacecraft with attitude control

First spacecraft with engine restart

First spacecraft to rendezvous and dock with other vehicles

All of these records were important to the future of spacecraft design, but some were critical to
our continuing leadership in space, both military and civilian. Here are the three that | see as having
the most impact (1) command and control network, (2) three-axis stabilized spacecraft, and (3)
rendezvous and docking.

First land-based, operational, command and control network for spacecraft. One of the key
things | would like to highlight is the original tracking, command, and control network that became
a very complex operational system as time progressed.

All space programs in this period, as well as into the 1970’s and 1980, used this global command
and control system. It became one of the key workhorse tracking stations for the entire space program.

| have seen the displays on this network at the Smithsonian National Air and Space Museum
Steven F. Udvar-Hazy Center and it is an unimpressive, even deceiving, representation of what this
system was, let alone became. Perhaps that is why it has become too useful and classified to brag
about.
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First three-axis stabilized spacecraft with attitude control knowledge. “Three-axis capability”
ranks high from a legacy point of view. In order to take high-resolution pictures, you have to have
tremendous pointing capability and be able to be very stable during picture taking.

A recipient of this legacy would be the space telescope. In order to get its kind of resolution and
its kind of picture taking of a star, 14 billion light years away, you would have to be able to point from
Washington to New York and recognize a point the size of a dime. That is the kind of stability that
became available because of Corona. Corona’s capability was the forerunner of the technology that
led to that kind of stabilization capability.

First Spacecraft to rendezvous and dock with other vehicles. This is a most interesting first.
Agena participated in the very first rendezvous and docking mission of the Gemini program.

Later Agenas played a major role in the National Aeronautics and Space Administration’s (NASA’s)
Small Spacecraft Missions.

A major Agena success as a boot-strapping spacecraft was best demonstrated on the Mariner-4
mission to Mars. At launch, it sat on top of an Atlas-D, the Intercontinental Ballistic Missile (ICBM)
booster for the Air Force, providing the additional boost to achieve a parking orbit. Then its second
burn put Mariner-4 into a Mars transfer orbit.

Later, Mariner-4 separated from the Agena-D and was captured by Mars gravity enough to swing
by the planet on its backside. During transit, it took twenty photographs, which showed that Mars
was barren and an unlikely place for life. Thus Agena was a partner in the “World’s First Interplanetary
Reconnaissance.”

Corona’s Challenges

As grand as these engineering firsts seem, developing the Corona was filled with challenges. On
the way to our successes, we experienced some real heartbreak. One example of heartbreak was the
first launch attempt. The program was started in February of 1958. The first launch was to be in the
eleventh month and we were right on schedule for that first launch. But it turned out to be a disaster.
It almost feels like it occurred for me yesterday.

| was hired into Lockheed in November 1958 and my first assignment was to be the Systems
Integrator for the ascent timer. | worked quickly to get to know everybody and set-up the sequence for
the ascent timer. There were only sixteen cams to trigger events and we ran out of contact switches,
so we doubled-up all the commands on all sixteen micro-switches. Unbeknownst to me at that time,
both the ullage multi-fire and the Agena engine hydraulic start were placed on the same contact
point. We forgot that we were going to run a ground test on the Agena engine gimbal hydraulic motor.

Sixty minutes before blastoff, a technician initiated a planned Agena engine gimbal hydraulic
motor test. But the timer was running and when the ullage rocket motor was fired on the test stand,
(there were people on the test stand at that time) it burned a wire that started the ascent timer. The
ascent timer started up and fired the separation rocket and then when it burned long enough, it
burned the next wire that shut this timer off.

That was our aborted launch and miraculously the Agena stayed on top of the Thor. The only
damage that occurred was the burning of some of the wires to the guidance system on the Thor. We
had a major re-grouping. We literally worked twenty-four hours a day, seven days a week, to complete
four corrective actions: (1) An in-depth review and integration of satellite and ground test equipment
schematics; (2) A review of all engineering change orders and the setup of change control; (3) A
complete review of launch base test sequence, ascent sequence, and orbit sequence; (4) A complete
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re-wire of the Agena. In one month, we made a successful launch and achieved orbit. The Corona
system failed in orbit, but we did make it into orbit.

Of course, it was the first twelve flight failures that consumed the attention and concern from all
Corona participants and especially President Eisenhower. Table 3 below shows the problem, going
from 100 percent down in 1959 to 45 percent down in 1960.

Table 3. Record of Failures During First Ten Years
1959 1960 1961 1962 1963 1964 1965 1966 1967 | 1968
Launches 9 n 17 14 12 10 10 8 6 4
Failures 9 6 9 5 3 2 2 0 1 0

In retrospect, the saving graces for the program were three factors: (1) it was Ritland, Bissell, and
Eisenhower who got us through the first twelve in a row down, (2) it was the successful recovery on
Discoverer 13 and the successful images on Discoverer 14 that steadied things up, and (3) it was the
fact that our take convinced Eisenhower, just before leaving office in 1961, that there was no dreaded
“missile gap.” That put us on the road to success.

As the flight failures grew from one to twelve, serious consideration was given to scrapping the
whole enterprise. The fact that President Eisenhower stayed with the project through twelve failed
flights, spread over twenty months, is evidence of his concern about the Soviet space threat, his
perseverance, and his desperation to replace the U-2. The success of Discoverer 13 and the examples
of images from Discoverer 14 demonstrated the potential of Corona.

Richard M. Bissell, Central Intelligence Agency (CIA) Director for Plans, and Maj Gen Osmond J.
Ritland, Vice Commander of the Air Force Ballistic Missile Division and Deputy Chief of the Corona
Program, periodically suspended launch operations to give Jim Plummer, Corona Program Manager
at Lockheed, and his subcontractors a chance to evaluate and fix the problems. More pre-flight
testing was initiated in hopes of catching design and engineering mistakes before crippling another
flight. All of this cost time and money. Bissell seemed acutely aware of the unusual circumstances in
January 1960 and he appealed to Gen Cabell, Allen Dulles’s deputy, for additional funds.

Dr. Albert D."Bud”Wheelon, the first Director of the CIA’s Directorate of Science and Technology, was
responsible for U-2 overflights and development of Oxcart and three major satellite reconnaissance
systems. Bud Wheelon said, “What is remarkable is that Bissell and Ritland pressed on despite these
failures, and that Eisenhower continued to support them.”
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The Corona Legacies

Much later, when the Corona fires were put out and the smoke had cleared, we began to speak of
the Corona legacy. What we accomplished cleared the way for proceeding generations of spacecraft.

| would like to conclude by discussing the legacies that perhaps we can pass on that might be
important to future space projects and space reconnaissance projects—things we learned the hard
way.

The legacies we can't pass on to the many programs that will follow in our footsteps are the
national environment and the national level management that made all we did and learned possible.
I am talking about a USA that felt it was so much at risk as its children were crawling under desks
while the air raid sirens sound off in Menlo Park, California and Del Rio, Texas. This kind of crisis can
unite the citizens, the President, and, sometimes, even the Congress.

We also cannot pass on a wise, brave, informed, and vigorous president, such as President
Eisenhower. Nor can we prescribe how to appoint a Gen Ritland or a Richard Bissell who took huge
career risks to protect our program and, thus, the nation. Failing this, a future program manager is
likely to find himself with more time, less money, and much less support than we did.

There are two aspects of the Corona project that | believe will leave a very long legacy to successful
program operations into the future. One is tied to program management. The other is tied to the
space environment.

Project Management Legacy. How we managed the program is key to this legacy. Two points to
note are systems engineering and attention to cost and schedule.

All of our flight failures led to major changes in the way we managed the program. When Corona
first started, it was put together as a group of subsystems almost like individual labs because it was
highly Research and Development (R&D) oriented. We shortly realized that the system was not put
together properly. The first very important thing to do was to put systems engineering together
in a whole concept of having an end-to-end systems responsibility technically. The program office
became very important criteria. The concept of having a technical systems program manager and
a chief systems engineer who was held responsible for the entire operation technically became a
“must” on Corona, as shown by the top box in table 4.

Table 4. Project Management Structure

Program Manager

AFM AFM
Technical Controls

Contracts
Finance

AFM Scheduling
Subcontractors Procurement

cmI Program Payload Program
Engineering Mgr Manager Operations
N KN
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Cost/Schedule Legacy. The other key element that came together was the cost/schedule. We
ran a very tight schedule; cost and schedule had to be driven. In fact, the Controls Office under
the Assistant Program Manager for Program Controls became our chief expediter because every
milestone had to be driven to make sure we met both costs and schedule milestones. That is how
we met every one of these milestones despite our many failures. Each milestone was driven by
costs and schedule. The other part that became very clear is that every major subcontract with both
Eastman Kodak and Recovery Vehicle had to be managed like the total program. We had to have a
strong program management assigned together with each key element of the system. This whole
organizational concept that we put together became the standard in aerospace management.

Space Environment Legacy. What we accomplished in encountering the space environment is
anotherimportant legacy. Environmental testing that was a very key element. As you can understand,
because we had gone into space with absolutely no understanding of the space environment, we
had to write an environmental spec.

Not only did we need to know the physics of space, but we had to put an environmental spec
together so that we could build environmental chambers such as the thermo-vacuum chambers,
even vibration tables, and so on. All of these had to be built, put into place and test programmed
together, as indicated in table 5.

Even though we did all the right things to the wiring on our first launch, we realized that of all the
components we had built for all parts of the satellite from the Agena parts to the camera film to the
recovery vehicle, none of them were built to survive space environments. Every one of them failed
in one way or other because (1) they were not designed for a vacuum, or (2), they were not designed
for zero-g operations. We had every, literally, every failure occurring in this very short period of time
of the first twenty launches. This became the way in which we learned. Table 5 shows the time it took.

Table 5. Evolution of Environmental Testing

Type |60 | 61 [ 62 | 63 | 64 LR |73 (74

65 | 66 67‘68 69 | 70

Manual
Compoment
Manual
Subsystem
Manual System
Hot Firing
Pyro Shock
Factorvio Pad
Thermal Vac.
System
Acoustic System

Programmed m
Testing

Module T/V
Automatic
Module
Computerized
System
Automatic Card
Box Burn-In
Dynamic Card

Controlled Part %
Line Setetetatitatetotel

alilel

During this time period from 1960 to around 1970, the Corona program mission success went
from a miserably low number to 90 percent mission reliability success. Eventually this environmental
test program methodology was integrated into a Department of Defense satellite test requirements
document. As a result, if you look at NRO satellites, they operated beyond their design lives.
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| tribute Jim Plummer with being one of the most influential individuals in the industry. Jim not
only put the Corona program together as successfully as it was, but he was the father of this whole
program management concept.

Conclusion

This is a very quick summary of the history of Corona starting from 1959 to 1972. It went through
quite an evolution. We had about 145 launches, 105 successful missions, and covered all the 25 ICBM
complexes in the Soviet Union. Using today’s dollars, it would be 10 times the original amount. Even
in today’s numbers, | think this program was very successful.

Table 6. Operation Overview: Corona Reconnaissance Program

KH-1 KH-2 KH-3 KH-4 KH-4A KH-4B
Period of Operation 1959-60 1960-61 196162 1962-63 1963-69 1967-72

Number of RVs 1 1 1 1 2 2
Mission

Series 9000 9000 9000 9000 1000 1100

Life 1 day 2-3days 1-4days 6-7Tdays 4-15days 19 days
Alititude (nm)

Perigee 103.5(e) 136.0(e) 117.0(e) 114.0(e) ula ul/a

Apogee 441.0(e) 380.0(e) 125.0(e) 224.0(e)

Avg Ops u/a ula uw/a 110(e}) 100 (e) 81 (e)
Missions

Total 10 10 6 26 52 17
Successful 1 4 4 21 49 16
Tafgats USSR smphasi