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| am pleased that the Historical Documentation &

Research (HDR) Section of the Center for the Study of
National Reconnaissance (CSNR) has produced this
collection of Gambit and Hexagon documents titled
Critical to US Security: The Gambit and Hexagon Satellite
Reconnaissance Systems Compendium. This will give
researchers in the Intelligence Community and academic
world an opportunity to preview some of the program
documents that the National Reconnaissance Office
(NRO) will be declassifying and an opportunity to study
the history and background of these two phenomenal film-
return satellite reconnaissance programs as reflected in
these documents.

| personally have been involved in efforts to declassify the

Gambit and Hexagon satellite programs for over a decade.
The declassification process has been slow and deliberate
because these two systems have represented state-of-
the-art capabilities that even in 2011, on the occasion
of the NRO’s 50th Anniversary, remain impressive. The
CSNR conducted a series of assessments of the risks
of declassifying program details and consulted with
experts across the Intelligence Community. There has
been extended dialogue to ensure that the Intelligence
Community continues to protect any capabilities, the
disclosure of which might adversely impact on current
operations.  National reconnaissance is a much too
valuable national treasure for its secrets to be lost to
compromise.

During the past decade, | have come to understand
the importance of these programs on a number of levels.
First, the then newly established NRO developed these
systems relatively early in its history, and that activity
helped forge the way for the NRO to develop and operate
satellite systems. Second, the systems provided essential
data to intelligence users and valuable information to
national security policymakers, thereby making the NRO
an essential organization for succeeding in the intelligence
battles of the Cold War. Third, the systems proved essential
for teaching the NRO how to transition from successful
programs to new programs that promised even greater
capabilities. In short, these programs are cornerstones of
the NRO'’s history and architects of its culture of success.

The NRO developed the Gambit and Hexagon satellite

photoreconnaissance systems to satisfy intelligence
requirements that date back to at least the mid 1950s.
Dr. James Outzen, the NRO Historian, selected the
documents contained in this compendium to provide the
reader with information on the history, capabilities, and
technical contributions of these programs.

The first section of this volume is a short history of the
Gambit and Hexagon programs prepared by the NRO’s
first historian, Dr. Gerald Haines. Dr. Outzen and | chose
this history because Dr. Haines wrote it for the occasion

FOREWORD

of the declassification of the programs—something we
had anticipated years earlier, but only became possible in
2011, the 50th Anniversary of the NRO. We have additional
document sections in this compendium that contain
primary source documents on the initilization of each of the
systems, intelligence requirements for the systems, and
capabilities and contributions of the Gambit and Hexagon
systems, as well as the controversies surrounding the
systems and recognition of the systems successes.

Based on the intelligence requirements for these programs
and the information contained in the compendium, |
anticipate the readers of this compendium will gain an
appreciation of the roles Gambit and Hexagon played in
the NRO'’s history. | also expect that the compendium
will help readers understand the intelligence reasons
for developing the programs, the challenges in meeting
the intelligence imperatives, and the successes of the
programs. The readers should come away from reviewing
this volume with insight applicable to their own efforts to
assure the United States’ success in gathering intelligence
by using satellites.

Although not exhaustive, the compendium will provide
a hearty introduction to the dynamics surrounding the
development, operation, and termination of these important
overhead reconnaissance systems. This compendium is
an opportunity to have an early look into a formerly highly
classified world of national reconnaissance.

Robert A. McDonald, Ph.D.

Director, Center for the Study of National
Reconnaissance

Business Plans and Operations

National Reconnaissance Office
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This compendium of documents related to the Gambit
and Hexagon satellite programs was inspired by a
practice initiated with the 1995 declassification of the
Corona satellite reconnaissance program. A few months
after the declassification announcement for the Corona
program, the Central Intelligence Agency (CIA) published
a similar volume edited by Kevin Ruffner. Like the CIA's
Corona compendium, we wanted to include a basic
history of the Gambit and Hexagon systems. Dr. Gerald
Haines, the NRO'’s first historian wrote a history of the
Gambit and Hexagon systems that was unpublished up
to this point. Dr. Haines finished the history in 1997 in
anticipation of the declassification of the Gambit and
Hexagon programs. We are pleased to publish the history
for the first time in conjunction with the 2011 Gambit and
Hexagon declassification announcement. To enhance the
history, we have also included photographs and graphic
illustrations that were used to explain the capabilities of
the two systems.

A much more challenging task was to identify documents
to include in the compendium in order to explain the
development, launch, and operation of the Gambit and
Hexagon systems. The difficulty arose from an abundance
of documentation for all of the systems. To determine
which documents to include, | conducted document
reviews at the ClA records center, the NRO records center,
and NRO field sites where documentation still resided for
the programs. | also reviewed a small number of Hexagon
documents complied by the NRO’s Public Affairs staff.

From these efforts, | identified some 4,000 pages of
documentation for consideration to include in this volume.
After this initial selection, | sorted the documents into
main themes that characterize the histories of the Gambit
and Hexagon systems. Those themes include program
requirements, program initiation, system capabilities,
technological contributions, controversies surrounding the
programs, and recognition of program successes. The
challenge then was to select documents representative of
these themes. | made the selections that best described
important elements relevant to each theme. Unlike the
Corona volume, we are not able to include later Gambit
or Hexagon panoramic imagery. This imagery remains
classified at this writing.

As with any major publication, there are many individuals
who are responsible for completing the project. | express
appreciation to the NRO records center. Their staff provided
outstanding help in locating dozens of boxes of records for
me to review. Likewise, | express my appreciation to the
staff at the CIA's record center who located many boxes
for my review related to the CIA’'s development of what
would become the KH-9 camera system for Hexagon. |
express appreciation to the NRO’s Public Affairs staff, for
sharing documents located through part of their research
process. During the summer of 2011, four interns for the

PREFACE

Center for the Study of National Reconnaissance (CSNR)
provided invaluable assistance with this effort.  Steve
Glenn and the records declassification staff for the NRO
provided incredible support in reviewing several hundred
pages of documents for release. Without their efforts, this
project would never have been completed The Director
of the CSNR, Dr. Robert A. McDonald, provided not only
essential support, but valued wisdom in developing this
volume. Finally, none of this would have been possible
without the editing, layout, and graphic design work by the
CSNR support staff.

James Outzen, Ph.D.
Chief, Historical Documentation and Research
Center for the Study of National Reconnaissance
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After the 1960 success of the Corona program, users of
imagery intelligence developed growing appetites for more
space based photoreconnaissance. During the more than
two and a half decades that followed, the United States
operated three additional film-return satellites. They were
named Gambit, Gambit-3, and Hexagon.

The introduction of the Gambit system in 1963 provided
the United States with the ability to take higher resolution
images of specific targets. This complimented Corona’s
wide area coverage. Gambit allowed the United States
to carry out “surveillance,” or ongoing tracking of known
targets. Corona’s wide area coverage allowed the United
States to continue to “search” broad areas of the Soviet
Union and China in order to locate the targets such as
intercontinental ballistic missile sites, nuclear test sites
and facilities, and other strategic and tactical land, air,
and naval targets. Search and surveillance from space
became a key strategic capability for the United States to
fight the Cold War.

The National Reconnaissance Office (NRO) developed
Gambit-3 to further improve resolution for surveillance of
targets identified by Corona imagery or other sources of
intelligence. Firstlaunched in 1966, Gambit-3 incorporated
a number of technological changes to not only improve
resolution, but also increase the length of time the system
operated, the amount of coverage, and control of the
system.

Hexagon was developed to improve resolution of wide-
area search imagery captured by the Corona program.
Hexagon’s developers introduced a primary camera
system that produced imagery of high enough resolution
to fulfill some search requirements as well. Later Hexagon
missions would also include a mapping camera system
to aid possible Cold War military operations. The NRO
launched the Hexagon system in June 1971, replacing the
Corona program that developers originally only expected
to last two years. Hexagon would be the last of the nation’s
four film return imagery systems that, together, provided
insight into the U.S. adversaries’ military capabilities.

Gambit and Hexagon moved the Intelligence Community
closer to meeting the intelligence requirements that
prompted the development of space imagery systems.
The requirements can be traced back to as early as 1955
for what would become the Air Force’s Samos program.
First and foremost, the United States needed satellite
imagery systems that could provide “instantaneous warning
of ballistic missile attack(s)” by the Soviet Union. The
requirements also included supporting U.S. war planning,
understanding the intentions of possible U.S. adversaries,
and determining the military capabilities of those enemies.

The historical record indicates that Corona and Gambit
were essential for assessing the Soviet nuclear strike

INTRODUCTION

capabilities in the 1960s. The systems worked hand
in hand, with Corona imagery first identifying nuclear
facilities and then Gambit providing detailed information
on those facilities. By the end of the 1960s, while U.S.
concerns about the size of Soviet nuclear remained, the
United States began to focus on curtailing those nuclear
capabilities. Gambit and Hexagon would also become
essential resources for helping achieve this end.

The United States and the Soviet Union entered the
1970s actively pursuing control of nuclear arms. The
Strategic Arms and Limitations Talks (SALT) resulted in an
agreement to control development of antiballistic missiles
as well as an interim agreement on limitations on nuclear
weapons development. By this time, the Hexagon system
was operational and replaced Corona for wide area search
requirements. Hexagon satellites joined later Gambit
satellites in serving as a primary means for verifying Soviet
compliance with the agreements reached through the
SALT process.

As the systems neared the end of their lifespans in the
mid-1980s, they remained a key resource for nuclear arms
limitation verification. The systems also served as a means
for gaining insight into other intelligence issues that would
arise over their lifespans. Together, Gambit and Hexagon
yielded intelligence information that assisted the President
of the United States, as well as U.S. military, diplomatic,
and intelligence officials to make better informed decisions
on matters of national security.

Eventually the costs, both in terms of money and time,
would lead to the replacement of Gambit and Hexagon by
near-real-time imagery systems. Gambit and Hexagon
would remain highly regarded for their technological
innovations and invaluable contributions to the defense
of the United States. The contents of this volume are
intended to help the reader understand and appreciate this
high regard for the Gambit and Hexagon imagery satellite
systems.

James D. Outzen, Ph.D.
Compendium Editor
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Since the early 1960s, U.S. policymakers have come to
rely increasingly on photoreconnaissance satellite imagery
for timely and accurate intelligence. Photoreconnaissance
satellites and the information they provide have become
virtually indispensable to the U.S. Intelligence Community
and its intelligence assessments. Developed, operated,
and managed by the National Reconnaissance Office
(NRO), these satellite systems sparked a revolution in
intelligence collection. Operating in a crisis atmosphere,
the NRO forged a unique working partnership with U.S.
private industry partners to design and build these new
satellite systems. The NRO/industry partnership drove
space reconnaissance technology beyond current limits. It
made possible a new generation of photoreconnaissance
technologies that resulted in the acquisition of never-
before-seen, detailed intelligence data for U.S. officials.

Corona, the first U.S. reconnaissance satellite program
ushered in this new era in intelligence. A stop gap film
recovery system, Corona focused primarily on the Soviet
Union and other denied areas. Corona imagery provided
U.S. decisionmakers with vital information on Soviet
weapons development, order-of-battle, and its nuclear
program. During the 1960s, Corona satellites were this
nation's primary search system. Covering wide swaths
of the Soviet Union, Corona cameras swept the Soviet
land mass for signs of missile development and nuclear
testing activity. Although its contribution to U.S. intelligence
was "virtually immeasurable," Corona imagery also had
limitations. In 1961, for example, it could resolve no
object smaller than 10 to 15 ft. U.S. photointerpreters and
U.S. planners needed, and demanded, higher resolution
imagery for their intelligence estimates relating to Soviet
weapons systems and target identifications.

To fill this gap, Director, NRO (DNRO), Joseph Charyk,
pushed the development of a high-resolution spotting
satellite system, Gambit. Also known as the KH-7, Gambit
was to provide resolution better than 2 ft. After overcoming
a series of developmental problems, both technical
and managerial, the first Gambit satellite flew in July
1963. The returned film product whetted the appetite of
U.S. intelligence analysts for more. Although Gambit, a
surveillance system, covered far less area than Corona,
it produced photography with a much better resolution, for
example, objects as small as 6 ft could now be located and
observed.

An improved Gambit, known as Gambit-3 or the KH-8,
flew in 1967. Capable of stereo photography, it proved
highly successful replacing Gambit-1. The Gambit program
eventually flew 54 missions over 20 years, concluding in
1984. It provided U.S. officials with unique, highly detailed
imagery of sensitive targets, and became a major tool for
photo analysts during the Cold War.

SECTION I: HISTORY - OVERVIEW

Film-recovery payloads culminated with the development
of the Hexagon series of satellites. Approved for design
and development by the United States Intelligence Board
(USIB) in 1964, the Central Intelligence Agency (CIA)
designed Hexagon as both a high resolution and wide
area coverage system. It was one of the largest and most
complex reconnaissance satellites ever built. Known to
the American public as "Big Bird," it was 10 ft in diameter
and 55 ft in length. It rivaled the National Aeronautics
and Space Administration’s (NASA's) Space Lab in size.
Hexagon featured two panoramic counterrotating optical-
bar cameras and four recovery capsules (later Corona
and Gambit satellites carried two). Later Hexagons also
contained a fifth capsule to return film from a separate
mapping camera.Accompanying stellarandterrain cameras
in Hexagon made it possible to extract mapping, charting,
and geodetic data for the Defense Mapping Agency and
other organizations of the Intelligence Community. The
NRO launched twenty Hexagon's between June 1971 and
April 1986. The only failure to mar this remarkable satellite
program occurred on the twentieth and last flight when
the launch booster exploded above Vandenberg Air Force
Base, California on 18 April 1986.

In the 1980s, the next generation of U.S.
photoreconnaissance satellites (which eliminated the need
for film return) replaced both Gambit and Hexagon. During
their years of operation, however, Gambit and Hexagon
proved invaluable to U.S. policymakers. For much of the
Cold War, these systems kept watch over the Soviet Union
and other communist bloc areas. They proved critical to
U.S. security by providing detailed intelligence on U.S.
adversaries. Their search and surveillance capabilities
also made possible arms limitation negotiations and the
verification of nuclear reduction treaties.

This study traces the origins and development of the
Gambit and Hexagon programs. It details the technological
problems, breakthroughs, @ and  accomplishments
encountered as NRO, CIA, Air Force, and private industry
engineers, designers, and program managers pushed
the cutting edge of space reconnaissance technology.
It outlines the evolving close partnership and working
relationship between the NRO and industry in pursuing
far-reaching scientific and technological goals. This study
also describes the bureaucratic battles among the CIA, the
NRO, and the Air Force over control and management of
these systems. Finally, it places the development of these
unique satellite systems squarely in the crisis atmosphere
of the Cold War and the constant demands of U.S. officials
for more and better pictures. It is a remarkable story.

Deeply concerned over Soviet boasts about the success
of their missile program and the growing "missile gap,"



CRITICAL TO US SECURITY: THE GAMBIT AND HEXAGON SATELLITE RECONNAISSANCE SYSTEMS COMPENDIUM

controversy, President Dwight D. Eisenhower, despite
reservations, authorized a U-2 penetration flight of the
Soviet Union for 1 May 1960. The Department of State and
the CIA strongly supported the decision. The intelligence
objective of gathering information on the Soviet missile
program was overwhelming in spite of the dangers.

The most experienced U-2 pilot, Francis Gary
Powers was selected to fly Operation Grand Slam.
According to CIA analysts, this route offered the best
chance of photographing suspected locations of Soviet
Intercontinental Ballistic Missile (ICBM) sites. Powers’ first
target was the Tyuratam Missile Test Range; he was then
to head for Chelyabinsk, just south of Sverdlovsk. Powers
never made it past Sverdlovsk. Four and a half hours into
the mission, a Soviet SA-2 Surface-to-Air Missile (SAM)
disabled his aircraft 70,500 ft above the Sverdlovsk area.
The Soviets had succeeded in downing the United States'
most advanced reconnaissance aircraft. When Eisenhower
finally admitted U.S. responsibility for the U-2 overflight, he
suspended all future U-2 flights over the Soviet Union. The
United States was now primarily blind regarding Soviet
missile advancements.

At the same time the U-2 was successfully overflying
the Soviet Union, 1956 through 1960, and following the
dramatic Soviet space successes in 1957 with Sputnik |
and Sputnik II, President Eisenhower formally endorsed
a stop-gap U.S. satellite program in February 1958. The
new Corona project, managed jointly by the same CIA-
Air Force team, which had built the U-2, was to produce a
satellite imaging reconnaissance system that would take
pictures from space and deorbit a capsule with film back to
earth. Like the U-2, this was a bold initiative to counter the
closed societies of the Sino-Soviet bloc.

Astring of twelve successive failures, however, threatened
to end the Corona program before it even succeeded in
returning a single film capsule from space. As the failures
continued to mount, CIA Deputy Director for Plans, Richard
Bissell and his Corona team became frustrated. It was not
like the development of the U-2 where, if something failed,
the pilot, unless it was a fatal error, could usually relate
what happened. With satellites, according to Bissell, "they
spun out of control, burned up in the atmosphere, crashed,
hopelessly lost in the ocean, or exploded. Because the
whole system was destroyed on reentry, it was often
impossible to retrieve it and do an assessment."

Discouraged, on 10 August 1960, the Corona team
launched a diagnostic payload in an attempt to determine
what was going wrong. The launch from Vandenberg,
AFB, California, was perfect, the Agena rocket sent the
spacecraft into the proper orbit, and on its 17th revolution,
it successfully returned to earth, the first payload from
space.

Buoyed by this success, the CIA/U.S. Air Force team
launched a camera-equipped Corona on 18 August. Like
the earlier mission, Corona Mission 9009 worked perfectly
and deorbited its film payload on Friday, 19 August 1960,
exactly 100 days after the Soviets shot down Powers and
his U-2. The two recoveries did not make a successful
program, however. Of the next four launches, only three
went into orbit and one of these suffered a camera failure.

Corona Mission 9013, recovered on 10 December 1960,
revealed Soviet construction work on its SS-6 missile
sites at Plesetsk and at Yurya. Photoreconnaissance was
beginning to pay off. Corona photography obtained in June
1961 also revealed a new Soviet missile project around
Leningrad. Some ClAanalysts believed this new systemwas
an Antiballistic Missile (ABM) system designed to counter
U.S. intermediate-range missiles. The John F. Kennedy
administration, anxious over this new development, turned
to the CIA and the Corona program for more data. Corona,
however, was not able to perform the required task. Even
its newest camera, the stereo KH-4, known as Mural, was
not good enough to provide technical data on the design of
objects as small as a SAM. Moreover, Corona engineers
were still grappling with keeping the satellite cameras in
focus. According to the Satellite Intelligence Requirements
Committee (SIRC), new U.S. satellite systems were
needed that could resolve objects as small as 6, 1.5, and
0.3 m. Corona cameras called only for a resolution of 6 m.
This was in accordance with its role of performing wide-
area, low resolution "search" missions.
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The NRO Gambit satellite program evolved from the
Air Force's larger developmental plans for building
reconnaissance satellites—the WS-117L program in the
mid-1950s. As originally envisioned, the Air Force sought
to create a multifaceted satellite observation system.
Little came of these efforts, however, as the Department
of Defense (DoD) struggled to eliminate “non-critical”
defense expenditures and the Eisenhower administration
stressed a “space for peace” theme. Following the Soviet
space successes of 1957, however, Defense Secretary
Neil H. McElroy authorized the acceleration of WS-117L
to proceed “at the maximum rate consistent with good
management.””

Upon the urging of his civilian scientific advisors, President
Eisenhower in 1958 ordered a small part of the WS-117L
program, a satellite with a returnable film capsule, be taken
from the Air Force overall program and given to the same
team that had built the U-2—the CIA's Richard Bissell
and the Air Force's Brig Gen Osmond Ritland—for quick
development. Corona was to be a stop-gap measure until
the larger Air Force effort produced results.

In the aftermath of the U-2 shoot-down, the suspension of
U-2 operations over the Soviet Union in May 1960, and the
mounting failures of the Corona and Samos programs, U.S.
officials urgently sought new sources of high resolution
reconnaissance photography.® The imagery was critical to
U.S. national security interests.

The U-2 shoot-down triggered a series of top level
meetings on the status of the Air Force's Samos programs.
The Eisenhower decision to stop all aircraft overflight
operations meant the loss of high-resolution observation
of the Soviet Union. Even if Corona achieved success,
and at this point it had not, there was an immediate need
for much better resolution than it could provide. George
B. Kistiakowsky, who had succeeded James Killian as
President Eisenhower's science advisor, was pessimistic
about the Samos programs.

On 26 May 1960, Eisenhower directed Kistiakowsky to set
up a group to advise, as quickly as possible, the best way
to expand satellite reconnaissance options. Kistiakowsky
turned to James Killian, Edwin H. Land, Carl Overhage
of Lincoln Laboratories, Richard M. Bissell, Jr., and Air
Force Under Secretary Joseph V. Charyk. They all echoed
Kistiakowsky's concerns over Samos and suggested a
DoD streamlined, super-Corona program. Charyk also
argued strongly for keeping the program in the Air Force.
If given the chance, Charyk believed he could create a
successful covert satellite program within the Air Force.

On 25 August 1960, Eisenhower approved the
recommendation of the Kistiakowsky Study Group. Charyk
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got his wish and Samos became part of a new Air Force
organization known as the Air Force Project Office, which
subsequently became the Secretary of the Air Force
Special Project Office (SAFSP). The new Samos project
office in Los Angeles was to be housed in the same
building as the new Space System Division. It would have
direct access to all Air Force resources: an Atlas booster;
an Agena spacecraft; a launching site at Vandenberg AFB;
tracking and control services at Sunnyvale, California; and
recovery services at Oahu, Hawaii. Brig Gen Robert E.
Greer became the first SAFSP director. He had previously
been the Air Force's assistant chief of staff for guided
missiles. At the same time, under a security strategy called
“Raincoat,” Charyk hid the sensitive space program by
forbidding any publicity releases on an Air Force space
project.

Another factor that affected the Gambit program was the
formal establishment of the NRO in September 1961. Now,
all national collection requirements went through the NRO
and its Satellite Operations Center (SOC) located in the
basement of the Pentagon. Joseph Charyk and Richard
Bissell, Jr. became the first co-DNROs and Gambit became
the first full-scale venture of the new organization. Charyk
assigned the Gambit Project to Program A (Air Force)
at SAFSP. It proceeded independently from the Corona
project and the CIA satellite effort (Program B).

In March 1960, Eastman Kodak submitted proposals to
the Air Force and the CIA for the development of a 77-in
(focal length) camera for satellite reconnaissance. Building
on its development work for the CIA's Oxcart aircraft
program, Kodak suggested that the new high performance
catadioptric lens camera might be suitable for satellites.®

In June, Kodak proposed a 36-in camera system to
provide convergent stereo coverage of Soviet territory.
Termed “Blanket,” Kodak claimed the new system could
be made operational in a short period of time because
it was based on existing technology from the Oxcart
program. Kodak officials, Arthur Simmons and Herman
Waggershauser, showed the proposal to Edwin H. (Din)
Land, one of Eisenhower's scientific advisors. Land
enthusiastically brought the proposal to the attention of
Air Force Under Secretary Joseph V. Charyk. Charyk, too,
was interested. He liked the Kodak proposal, a film-only
recovery scheme like Corona with a very high-acuity, long
focal-length camera. In discussion with Charyk, Kodak
officials confidently projected the feasibility of providing a
surveillance camera with 2- to 3-ft around resolution with
high-acuity stereo coverage.

A month later, on 20 July, Kodak offered a modified
proposal, which integrated the 77-in camera with the
stereo features and film recovery techniques embodied
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in “Blanket.” It termed the new proposal “Sunset Strip”
after the popular television series. This was promising
technology for new orbital reconnaissance systems.

In September 1960, Charyk met with Greer, Col Paul J.
Heran (Chairman of the E-6 Source Selection Board) and
Lt Col James Seay (Greer's procurement chief) to review
proposed satellite programs. All agreed to proceed with
both E-6 (which had the potential of being twice as good
as Corona) and the Kodak “Sunset Strip” proposal. Charyk
directed that “Sunset Strip” be developed on a cover
basis, hidden in the E-6 program. He set initial funding for
research and development study funds for the balance of
FY 1961. Greer named the new “black” program Gambit.
By keeping the physical and environmental limitations of
E-6 and Gambit compatible, it seemed possible to develop
and test Gambit without any outward indication that such
a program existed.

At the same time Charyk moved to hide the Gambit
project, he also shielded it from the overall Air Force Samos
program, cutting out the Strategic Air Command, the Air
Force Ballistic Missile Division, and the Air Force System

Command. They all objected strongly to “losing” Samos.
Charyk later reflected that it was extremely difficult limiting
“need to know” especially when everyone believed they
were working on a strategically important program. On the
one hand he was telling them that Samos was extremely
important and on the other that it would be drastically cut
back.

Since the 77-in camera development program was well
publicized, Charyk and Greer followed the earlier Corona
precedent. They terminated the Kodak study contract for
“Sunset Strip” as “no longer required” and simultaneously
authorized Kodak to continue the development as a covert
effort. As the “Sunset Strip” activity closed and Kodak
personnel nominally shifted to other Kodak projects, they
actually moved into a new facility in a different building and
resumed their work. In establishing the Corona program,
Bissell and Ritland followed much the same procedures.®

The complex, involved, security procedures for Gambit
“cover and deception,” in retrospect seem overdone.
There were few challenges or threats to the system or the
disclosure of Gambit.

Film supply
spool

Film chute

Recovery
vehicle

THE GAMBIT 1 SYSTEM

Adapter

DIMENSIONS
Length: 15 feet
Diameter: 5 feet

PAYLOAD—mirrors, camera, film supply, command & control

A .

OCv  17-inch lens Primary

mirror cell

Gambit-1 configuration
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Samos Nose Cone

While putting the rather elaborate security system in
place, both Charyk and Greer agreed that their real job
was to “get pictures,” the objective of the national satellite
reconnaissance program. Although Charyk initially balked
at Eastman Kodak's demand for a 7-percent profit margin
on camera development, by January 1961, he and Kodak
had reached agreement.

Greer supported Kodak. According to Greer, the fee was
not excessive. He based his judgment on the U-2 camera
expenses and Kodak's “unique capability.” Moreover, the
25 August National Security Council directive ordered the
Samos “take to be processed by the same agency that
processed U-2 take”—Eastman Kodak. There were no

alternatives. General Electric's (GE’s) Space Division was
to build the orbital-control vehicle. By mid-1961, Gambit
had evolved into a 15-ft long, 5 ft in diameter space vehicle.

The Gambit payload embodied a Maksutov /4.0 lens
(both reflecting and refracting elements) similar to an
astronomical telescope with a 77-in focal length and a
clean aperture of 19.5in. This lens, when flown at a nominal
95 rim altitude was to produce an around resolution, at
nadir, from 2 to 3 ft. Gambit was to carry 3,000 ft of 9.5-
in diameter, thin-base film through a strip camera, which
would provide image-motion compensation by moving the
film across the image exposure slit at the same velocity
that the projected image moved over the earth. The
camera would image a strip on the earth 10.6 nm wide. It
possessed the capability of photographing specific targets,
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which were off the immediate orbital track through oblique
pointing. The planned weight of the total photographic
system was 1,154 Ibs.

The high resolution requirement for Gambit imposed
a need for accurate orbit maintenance over a period of
several days and for an ability to rotate the camera section
about the vehicle's roll axis. The GE Orbital Control Vehicle
(OCV) was to be capable of varying the roll attitude from
0 to 45 degrees and of performing 350 roll maneuvers at
an average role of one per second. The command system
was to receive, accept or reject, and execute both real-
time or stored commands.

The attitude control system was a two-axis gimballed
platform on which were mounted infrared horizon scanners
and an integrating gyroscope. The horizon sensors
measured pitch and roll error; the gyro measured yaw
error. Control movements were dependent on several
jet-nozzle apertures. A set of four rocket engines, each
capable of producing 50 Ibs of thrust, would provide orbit
maintenance.

The initial Gambit launch vehicle was an Atlas Agena-D.

The Atlas used 123 tons of liquid oxygen and refined
kerosene (RP-1) to power the booster engines—each
generating 154,500 Ibs of thrust and a 57,200-Ib thrust
sustainer engine. The Agena-D upper stage used 13,234
Ibs of fuel to power its 16,000-Ib thrust engines.

After exposure, the camera’s film was wound up in the
Recovery Vehicle (RV). At the end of the mission, the
RV was separated from the OCV, spun up on its axis of
symmetry by a cold-gas system, and then deboosted
from orbit. Parachute deployment was to occur at 55,000
ft. The initial recovery vehicle was intended for land
recovery. In fact, in October 1961, Charyk approved the
use of the Wendover AFB in Utah for Gambit land recovery
operations. At this point, both Kodak and GE appeared to
be ahead of schedule in completion of their design concept.
By 1 August 1961, a Gambit launch date in January 1963
appeared possible.

Even with progress in the Gambit program, by January
1962, the need for an on-orbit, high-resolution, photographic
reconnaissance system was even more critical. The Samos
E-5 program had been cancelled after a series of failures
and Corona was experiencing operational difficulties.
DNRO Charyk, under constant pressure to get quick and
effective results from the satellite reconnaissance program,
wanted to accelerate the pace of Gambit development and
improve its product. In discussions with Greer and Quentin
A. Riepe, the program director for Gambit, however, it soon
became clear that serious problems remained and any
quick fixes would seriously degrade the photography. There
was general agreement that the earliest possible date for
the initial launch would be May rather than February 1963.

The National Security Council (NSC) program directive
in 1960 approving Gambit specified the development of a
land recovery program. In the climate of the early Corona
program, land recovery appeared to be a useful option,
less risky, more reliable, and less costly than the ocean
recovery used by Corona. Moreover, the projected weight
of the Gambit RV would exceed the capability of the C-119
recovery aircraft. By July 1962, however, the reasons for
distrusting air-sea recovery methods seemed less valid.
The improving capability of the Corona RV and the good
performance of the overwater recovery system convinced
Greer of the feasibility of using a Corona-like RV on Gambit.

The Gambit RV was then 500 Ibs over design weight
and most of the overweight derived from complications
introduced by the land recovery requirement. Overwater
recovery, as developed in the Corona program, seemed
to Greer a very simple process when compared to the
planned land recovery scheme. In its descent toward the
ocean, a Corona reentry vehicle could safely shed all sorts
of accessories—hatch covers and ablative cones, for
example. They simply fell into the ocean and sank. A land
recovery vehicle could shed nothing, lest it became a lethal
projectile. Greer asked GE to do a quiet study of “gluing
the Discoverer capsule on the front end of Gambit.”

Greer was attracted to the concept by the potential of
major savings on weight, cost, and launch schedule. More
than 600 Ibs of orbital weight could be saved by going to an
overwater recovery mode. Facility funds for the Wendover
range could be cut from the budget. Most importantly,
with a modified Corona RV, Gambit could maintain its
launch schedule. After listening to the various arguments,
including the Gambit program office, which felt that the
land recovery approach was still the better option, on 18
September Charyk authorized Greer to begin immediate
development of a Corona-type recovery system for Gambit
in preparation for a June 1963 first flight date.

The switch to a Corona-type water recovery vehicle
markedly simplified the entire Gambit system and probably
saved the program. It did not, however, eliminate all
problems. While work on the camera payload at Eastman
Kodak continued to progress, major problems threatened
the launch date schedule. The optics for Gambit were to
be larger and lighter than any previously built for space
including the primary and stereo mirrors. Using large
boules of very pure fused silica glass, engineers joined
the sections. The fusion operation was extremely delicate:
heated too long or at too high a temperature, the structure
became a molten blob, too low a temperature or too short
a time prevented the parts from fusing properly. Engineers
shipped the large, lightweight blanks to Kodak for figuring
and polishing at its special facility.™



Frederic Oder, director of Special Projects at Kodak
and familiar with the Corona RV from his previous work
on WS-117L, favored the use of Corona technology on
Gambit. Kodak had originally planned to keep the film path
pressurized including the film chute and take-up cassettes.
Using his Corona background, Oder urged the adoption
of a nonpressurized film path. This simplified the process
and allowed the Gambit film load to be accommodated in a
Corona-like RV without serious modifications.

Kodak was also having problems attaching or cementing
the silica mirrors to their metal case and with the platen
drive, which caused the film to move irregularly over the
exposure slit. Although the problems were not considered
major, they added to existing pressure on delivery time and
flight schedules.

The OCV development by GE, in its Valley Forge,
Pennsylvania facility, was another story. Repeated failures
in such varied experiments as the harnesses, power
supplies, batteries, command systems, horizon sensors,

'S
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rate gyros, environmental doors, and pyro devices, caused
major cost overruns and severely threatened delivery
schedules.

The prevalence of cost overruns, particularly at GE,
the threat of new schedule slippage, and the increasing
cost of the Gambit program greatly concerned Charyk. At
the same time, pressures continued to increase for hard
intelligence on the Soviet Union. The Cuban Missile Crisis
of October 1962 added to the sense of urgency.

At a meeting with the President's Foreign Intelligence
Advisory Board and the “special group” of the National
Security Council, Charyk characterized Gambit as
“imperative” and urged that the program be pressed
with a “maximum sense of urgency.” “No reasonable
steps,” Charyk argued, “should be omitted to guarantee
its success at the earliest possible time.” According to
Charyk, Gambit offered the most promising approach to
discovering whether or not the Soviet Union was actively
preparing for war.'2

THE GAMBIT 3 SYSTEM

PAYLOAD—CAMERA OPTICS,

FILM SUPPLY, ELECTRONICS,

1-2 RECOVERY VEHICLES

S .CAMERA OPTICS MODULE

PHOTOGRAPHIC ™

PAYLOAD SECTION

AGENA D WITH ROLL JOINT—ORBITAL

ROLL JOINT

CONTROL VEHICLE AND COMMAND SYSTEM ™

DIMENSIONS (WITHOUT AGENA D)
LENGTH: 28.6 FEET
DIAMETER: 5 FEET

Gambit-3 Agena Vehicle

10
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Discouraged about the rate of Gambit progress, Charyk
suggested to Greer a management change. He wanted
an exhaustive technical review of the program to locate
any remaining problems. Greer was reluctant to relieve
Col Riepe, the original program manager. Nevertheless,
on 30 October 1962, Greer replaced Riepe with Col
William G. King. King had a long experience with satellite
reconnaissance. He had been Samos program director
in the late 1950s and was one of the first to recognize
the advantages of film recovery techniques over the
technically more difficult readout systems. At the time of
his appointment to head the Gambit program, he was
serving as Greer's special plans officer.'

Immediately upon taking over the Gambit program, King
discovered that the GE adaptation of the Corona capsule
to Gambit was seriously off course. Greer's original intent,
confirmed by Charyk, was to “glue on” the Corona recovery
vehicle. Elaborate or extensive modification of the capsule
was neither intended nor desired. In the course of changing
over from land recovery to air-sea recovery, however,

Gambit launch

Gambit officials had authorized GE to develop a recovery
vehicle capable of accepting the original pressurized
Gambit take-up cassette and film chute.' Responding to
the request to convert Gambit to a Corona recovery vehicle,
GE scaled up the Corona capsule, making it deeper and
increasing its base diameter. The result was a completely
new capsule which required an extensive test program.
The cost also escalated.

King suggested that the original intent of the Corona
modification be reinstated and that the rapidly expanding
GE development effort be stopped. Greer, who had
originally ordered that changes to the Corona capsule
should be minimal, agreed. King imposed an “absolute
minimum” change policy in his instructions to GE on
adopting the Corona recovery system to Gambit.

At the same time, King was sorting out the technical
problems with Gambit, Charyk and Greer decided to
strengthen Gambit management further by transferring the
program from the Space Systems Division to SAFSP. Such
a move would give Gambit the prestige and authority of the
office of the Secretary of the Air Force. This set off a fire
storm in the Air Force Systems Command (AFSC). General
Bernard Schriever, commander of AFSC, had been a
major force in establishing the Air Force space program.
Schriever believed strongly that all Air Force space activity
should be under AFSC management. He made several
determined but ultimately unsuccessful attempts to regain
“ownership.” High priority space programs would from now
on report directly to the Office of the Secretary of the Air
Force.

King continued his technical review of the Gambit program
by questioning GE's untested OCV and its attitude-control
subsystem. In order to improve the probability of early
Gambit flight successes, King and Greer suggested that the
Agena, at least for the first three flights, remain connected
to the OCV. The reliable Agena, while not as precise as the
Gambit system, could provide a stabilization and control
mechanism to stabilize the Gambit camera long enough
to secure operating experience and proof of system
feasibility. Flying in this “hitch-up” configuration would not
allow the demonstration of Gambit's full capability and it
would only permit near-nadir photography, but King and
Greer were determined that the first Gambit should return
at least “one good picture.”

King and Greer also envisioned using a roll-joint coupling
(invented for an interim high resolution satellite developed
by the CIA, known as Project Lanyard and its KH-6 camera)
between the spacecraft (Agena) and the camera system.
Should the GE OCV prove unreliable, the introduction of
the Lanyard roll-joint could stabilize and control the vehicle.

As was the case with the Corona reentry capsule, the
roll-joint technology was unknown to most Gambit people.



Because of the high degree of security compartmentation
in the reconnaissance Program structure, CIA security
officials were reluctant to disclose even the existence
of Lanyard to Gambit personnel. Charyk got around this
problem by “suggesting” to Greer (Greer actually drafted
the suggestion) that he contact Lockheed Corporation
about the roll joint as “...he (Charyk) believed a similar idea
was once proposed and possibly designed in connection
with another space program.” Lockheed thus delivered
the finished roll joints to the Gambit program as though
they were new items with no relationship to any other
reconnaissance program.

On 14 December 1962 Greer and King proposed yet
another technical innovation. The latest change advocated
incorporating “Lifeboat” provisions into Gambit. “Lifeboat”
was another Corona originated technique. It involved
providing independent reentry command circuitry
(including a receiver), a separate magnetometer, and its
own stabilization gas supply. All were independent of the
main systems. If the primary reentry systems became
inoperative, “Lifeboat” could be separately activated.

“Lifeboat” had proven its value on several occasions
with Corona. Charyk formally approved adding “Lifeboat,”
“hitchup,” and “roll joint” to Gambit on 19 December.
“Lifeboat” was to be a permanent part of Gambit, “hitchup”
was to be used on just the first four vehicles and then on
a flight-by-flight basis. “Roll joint” was to be developed as
an operational substitute for the OCV roll system. At the
same time, in order to maintain the launch schedule, Greer
and King deleted a substantial portion of the test program
for Gambit. There was no alternative if Gambit was to
meet its proposed schedule of June. Both knew the risk,
but additional overruns or schedule slippage could put the
program in danger of being cancelled.' U.S. policymakers
demanded useful intelligence images of Soviet targets.

When Charyk resigned as DNRO on 1 March 1963,
Brockway McMillan of Bell Telephone Laboratories
replaced him. All seemed to be proceeding well with
Gambit. By May, Gambit was in its first flight checkout
sequence. On the afternoon of 11 May, however, a faulty
valve and a deficient fuel loading sequence caused a loss of
internal pressure on the Atlas 190D. The booster collapsed
on the pad, dumping both the GE orbital vehicle and the
Agena on the concrete slab. The GE vehicle was severely
damaged, the Agena to a lesser degree. Surprisingly, there
was no explosion or fire, although 13,000 gallons of liquid
oxygen and a full load of fuel sloshed over the pad. The
camera system was damaged beyond repair, a large part
of the optics demolished. The Gambit project team worked
furiously to repair the damage and keep the pre-flight
checkout on schedule. Despite their efforts the original 27
June launch date slipped back to July.®
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Twenty-two months and 17 days after the National
Security Council decision to proceed with a covert high-
resolution satellite, Gambit flight vehicle No. 1 lifted off
from its Vandenberg launching pad on 12 July 1963 at
1344, Pacific Daylight Time (PDT). For an instant during
the launch, most observers experienced the horrified
sense that disaster had come again to the NRO/Air Force
satellite reconnaissance program. The splashing rocket
exhaust of the Atlas knocked out all electrical connections
to telemetry and cameras. It gave the impression of a
major launch start explosion. Seconds later, however, the
Atlas could be seen climbing steadily towards its launch
window. Climbout, separation, and orbital injection went
smoothly. Greer and King knew, however, it would be
another 90 minutes before they would have proof that the
bird was in a proper polar orbit. It would take another five
orbits before the Gambit payload came to life. After another
nine “working” passes, a recovery attempt would be made.
There would be another wait as the capsule re-entered the
earth's atmosphere, hopefully survived its passage through
the upper atmosphere, arrested its descent by parachute,
and was recovered.

On the fifth orbital revolution, command controllers turned
on the camera for light strip exposures of 20 seconds
each. On orbits eight and nine, two stereo pairs, and five,
2-second strips were exposed. A premature exhaustion of
Agena stabilization gas then forced the discontinuance of
camera operations. With the Agena out of fuel, “Lifeboat”
became the only means of recovering the film capsule.
On the eighteenth orbit, a ground station commanded
“Lifeboat” and Gambit back toward earth. A C-119 aircraft
waiting near Hawaii swept the parachuting reentry capsule
out of the sky. The first Gambit was a success, but what
about the film?

Evaluation of the recovered film, only 198 ft was exposed,
indicated an out-of-focus condition for most of the flight
caused apparently by uncompensated temperature
changes that affected the face of the primary mirror and by
faulty image motion compensation settings. Nevertheless,
the best resolution was close to 3.5 ft, the average
resolution about 10 ft. It was the best photographic return
ever obtained from a reconnaissance satellite.

Greer, gratified by the success of the first flight, informed
King that he very much wanted “two in a row.” The very
success of the first flight raised Intelligence Community
expectations for subsequent flights.

The second Gambit flight took place on 6 September
1963. All went well. During 51 hours on orbit, the hitched
vehicle completed 34 orbits and exposed 1,930 ft of film.
On the 34th revolution, the reentry vehicle was detached
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Gambit Operational Modes

and successfully recovered by air catch. An analysis of the
photographs recovered from the second Gambit showed
consistently high quality until the 31st orbit. The resolution
achieved during the initial portion of the fight meant the
photointerpreters could distinguish such detail as aircraft
engine nacelles, small vehicles, and even maintenance
equipment. For the first time, a satellite reconnaissance
camera had returned detail at levels previously obtained
only from reconnaissance aircraft. Only three years after
Eisenhower ordered manned reconnaissance flights over
the Soviet Union discontinued, U.S. satellites had filled
the intelligence gap. First, Corona had returned coverage
of areas most U-2s could not reach or safely overfly, and
now Gambit had returned detail not greatly inferior to that
produced by U-2 cameras. Gambit imagery, however,

was limited to 1,930 ft of film from Gambit's second flight.
Although Gambit's achievements were remarkable, it did
not yet provide recurring coverage of the Soviet Union.
Such coverage, at resolutions much better than Corona
could provide, was still an urgent national goal.

McMillan, under constant pressure for more pictures,
wanted future Gambit missions to concentrate on obtaining
the best possible ground resolution over larger numbers
of “denied area” targets. McMillan informed Greer, “... the
name of the game is specific coverage of specific, known
targets with stereo photography of the best possible
quality.” Greer was increasingly confident Gambit could
produce the desired results.



On 25 October 1963, Gambit’'s third flight produced
photography “better and more consistent than that of
either of the first two missions.” Imagery was the first to
show identifiable figures of people on the ground—from
a distance of 90 miles. The scene was a football field in
Great Falls, Montana. In one photo, a place kicker could
be seen putting the football in place while the other players
moved into position. In a second photo, the players had
lined up, ready for the kickoff.

Despite the superb resolution, however, the first three

Gambit flights produced little intelligence. They did,
however, whet the appetite of the U.S. Intelligence
Community for more and better satellite imagery.

Gambit No. 6, launched on 11 March 1964, seemed to
bring the program to maturity. Despite some continuing
problems, Gambit No. 6 returned substantial quantities of
highly useful intelligence data on targets.

The year 1964, however, brought serious problems to
the program. From May through October 1964, half of
six flights produced no coverage whatsoever. The best
resolution degraded to 7 ft. Despite some successes in
early 1965, the Gambit program was seriously ill.

Maj Gen Robert Greer retired on 30 June. He was
replaced by Brig Gen John L. Martin who had been chief
of the NRO Staff in the Pentagon and deputy to Greer.
The summer of 1965 brought key personnel changes as
well. Dr. Alexander H. Flax, Assistant Secretary of the Air
Force for Research and Development replaced McMillan
as DNRO on 1 October. Only Col King continued in place
as project director for Gambit.

As Greer's deputy, Martin had a detailed knowledge
of Gambit. He had witnessed the agonies of the early
Gambit operations and years later recalled the emotion of
“watching a bird go dead.” “You simply cannot imagine,”
he said, “the frustration you feel when a healthy-looking
Gambit suddenly became a zombie.”

Shortly after assuming command, Martin faced the issue
of whether or not Gambit No. 20 should hold to its early July
flight date. Martin decided to go ahead with the previous
schedule. On 12 July Martin witnessed a comprehensive
failure, the Atlas booster shut down prematurely and Gambit
No. 20 flew a 682-mile arc into the Pacific Ocean. Martin
demanded immediate changes. He and King set about
tightening quality control and the incentive contracting
system. They subjected the Gambit system to new and
more stringent test and inspection procedures. Despite
their efforts, Gambit No. 21 became the third successive
Gambit to experience catastrophic failure when the AC/
DC power converter in the OCV failed, resulting in the
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loss of stability. The Intelligence Community, increasingly
dependent on high-resolution photography to determine
Soviet ICBM activity expressed its major concern with the
gap in detailed coverage of the Soviet program.'”

Martin, although under pressure to produce detailed
imagery, delayed the next scheduled Gambit launch. He
turned his attention to GE's OCV, which had, on balance,
provided most of the program difficulties. Traveling to GE
Philadelphia, he and King mystified GE management by
requiring exclusive use of a dining room, ten tables, ten
white tablecloths, and ten completed Gambit electronic
boxes. With GE management looking on, Martin produced
his own screwdriver and removed the cover-plates from the
first box. He raised the box above the cloth-covered table
and shook it hard. He paused to inventory the native and
foreign items which fell on the table. He and King moved
from table to table repeating the operation with each box.
Martin concluded by stating that someone or someones
had to be responsible for the debris on the table. GE
management responded by revamping its organization and
production and testing procedures. They were determined
that GE hardware would become a quality member of the
Gambit components family.

GE was not the only errant contractor King and Martin
took to task. Lockheed and Kodak were both criticized
for shipping unfinished products to Vandenberg and then
attempting to complete their work in Vandenberg's Missile
Assembly Building (MAE). Determined to guarantee
hardware integrity, King even threatened to close the MAB,
forcing all contractors to deliver flight-ready hardware to
the launch site.

Martin also made an exhaustive study of the incentive
contracting in effect for the Gambit program. He was
amazed to find that the system of rewards paid more
for under-cost, on-time delivery than for high quality
performance on orbit. He observed, for example, that
such a set of values placed GE in position to collect a
healthy bonus for providing the OCV under cost and on
time despite the failure rate on orbit. To the contractor, the
arrangement stressed the cost factor far more than the
performance factor. The result was that GE was motivated
to delete as many control and test procedures as possible
in order to save money and time in producing the OCV.
Taken to its logical extreme, the incentive formula could
result in the delivery of a minimum cost vehicle which failed
catastrophically, but, nonetheless, earned a premium for
the contractors. Martin shifted the focus of the incentive
system from cost to performance. Martin's new system
placed the emphasis on orbital performance and provided
large bonuses for on-orbit success.

Gambit No. 23, launched on 8 November 1965, was
the first satellite to have full benefit of the new test and
inspection regime. Unfortunately, it too quickly succumbed
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to flaws and during its 18-revolution lifetime photographed
limited targets. The Martin-King plan forimprovementin the
Gambit program, however, continued unrelenting. It finally
paid off. The next 10 flights were all qualified successes.
From January to October 1966, the NRO launched Gambit
satellites at a rate of about one per month. They routinely
returned photographic intelligence of high quality, covering
more targets in each flight. “Best resolution” averaged
about 2 ft. By the third anniversary of the Gambit flight
program, 12 July 1966, Gambit had extended its longevity
from one to eight days on orbit; had increased the number
of targets and had improved resolution from 3.5 to 2 ft.
The last Gambit mission, No. 38 (KH-7), flew on 4 June
1967. It was replaced by the highly successful Gambit-3
Program.'®

Gambit was the first operational U.S. satellite system to
return high resolution photography consistently. An Atlas-
Agena booster combination launched the Gambit into orbit.
GE built the orbital control vehicle which housed the camera
system. Eastman Kodak developed and manufactured
the camera system itself which was originally designed
around a lens of 77-in focal length, producing photographs
with a ground resolution of 2 to 3 ft. GE built the recovery
capsule, which was adapted from the Corona program.
The first Gambit was launched in 12 July 1963 and flights
continued until 4 June 1967 when Gambit-3 replaced the
Gambit-1 system.

Even before the launch of the first of the Gambit
reconnaissance satellites in July 1963, U.S. planners
discussed the need for an even greater capability system.
Gambit, with its 2 to 3-ft resolution, (three to five times better
than anything Corona produced) could produce significant
operational and technical details on Soviet weaponry. But,
they believed, even greater intelligence on the Soviets
could be obtained if the United States developed an
imaging system that could return better ground details.
Intelligence Community analysts wanted “more.”

In the early 1960s, the dominant factor in obtaining
higher resolution tended to be focal length and pointing
accuracy. Long lens systems created enlarged images of
relatively small areas. Eastman Kodak worked on such a
system with its Valley program. By August 1963, Valley
research and Gambit-1 experience convinced many NRO
officials that long focal lengths were feasible for satellite
operations. In December 1963, Kodak employees, Charles
P. Spoelhof and James H. Mahar, presented their ideas for
an advanced Gambit system to DNRO Brockway McMillan
and Gen. Robert Greer. Following the presentation,

McMillan approved the development of an improved,
higher resolution, Gambit program.

The crux of Kodak's proposal was a system that would
exploit the pointing accuracy of Gambit-1 with a new
camera. Kodak engineers believed that better resolution
could be obtained, assuming imagery from an orbital
altitude of 90 miles. Spoelhof and Mahar also proposed
that the new system incorporate a “factory to pad” concept
to provide greater modularity, instead of an orbital control
vehicle enveloping the camera system (Gambit-1). They
proposed using two modules, one containing the camera
and the recovery vehicle, the other housing propulsion and
the on-orbit initial subsystems. Kodak also incorporated
the Lockheed roll-joint concept between the forward
photographic payload/recovery vehicle section and the
satellite-control section.

Kodak also planned to use a special, very-low-coefficient-
of-thermal-expansion Invar (an iron-nickel alloy) for both
the optical barrel and related assemblies, and a new thin-
base (1.5 mile) high-resolution film with an exposure index
of 6.0. (The film was roughly three times more sensitive
than the film then in use on Gambit-1.)

Concerned that the new program might have major
problems in producing the larger optics and that the
improved film could not be delivered on schedule, DNRO
McMillan sponsored a host of alternative technologies. This
caution was also evident in the selection of the booster.
Although King and Greer favored using the Atlas and
Agena booster combination, McMillan wanted an option of
using the new Titan-IIl booster which would provide for a
greater payload weight.

King and Greer worked out the remaining major elements
of the Gambit-3 concept in January 1964. Their plan called
for the entire Gambit-3 program to operate under the
purview of the SAFSP. They called for an initial flight in July
1966. The Gambit-1 system would continue until Gambit-3
became operational.

Because of DNRO McMillan's strong interest in the Titan
as a possible booster for Gambit-3, Greer and King tasked
Lockheed in July 1964 to study Agena compatibility with
the Titan-1ll. In October 1964, on the basis of the Titan
IlI-Agena study carried out by Lockheed, Greer's staff
prepared cost estimates for switching from the Atlas-
Agena. Consideration for making the change included the
desire to use the Titan Il family of boosters for other Air
Force space missions, the potential versatility and on-orbit
weight-growth capability, and the likelihood that a new
search system replacing Corona would rely on Titan Il
boosters. Despite the fact that the Atlas was considered
the standard launching vehicle for the Air Force, DNRO
McMillan officially approved the switch to Titan in October
1964. Although this increased cost and caused a slippage



in the initial launch date, the choice of the Titan, in
hindsight, was a major improvement. It allowed future
system changes with less consideration of the limited lift
capacity of the Atlas.

At Lockheed, the Gambit-3 program came under the
direction of the Space Systems Division. The program
manager was Harold Huntley who reported directly to
James W. Plummer, assistant general manager for Special
Programs (Plummer would become DNRO in 1974). While
Lockheed's work on the Agena modifications proceeded
and never seriously threatened the planned launch date of
July 1966, payload development by Eastman Kodak was
behind schedule by the fall of 1964. The major problem for
Kodak centered on the manufacture and mounting of the
two large mirrors of Gambit-3 optics. These optics were
larger than those of many earth telescopes, but needed to
be much lighter to operate in space. Kodak experienced
several failures in attempting to manufacture the mirrors.
In addition, the figuring and polishing processes were far
more difficult than originally anticipated. Kodak originally
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estimated that each of the two mirrors would require around
800 hrs of grinding, polishing, testing, and coating to finish.
The early mirrors took 3,000 hrs per mirror. Because of
mirror-fabrication problems, Kodak was three months
behind schedule. Kodak's problem was compounded by
its underestimation of the needed engineering manpower.
The company experienced a major shortage of technical
people, apparently from an overcommitment of resources.
Kodak was working simultaneously on Gambit-1, Gambit-3,
a lunar camera for NASA, and a proposed new search
system that later became the Hexagon program.

The final determination for fabrication fused silica, for
the primary aspheric mirror substrate and the return to
conventional polishing techniques, pushed the production
schedule ahead. By January 1966, there still existed
considerable doubt that the high-speed, high resolution
film on which Gambit-3 depended would be ready for use
in initial flights. If it was not ready, the fall-back film, with
an index of 3.6 and a resolution capability of 110 lines per
millimeter, as against the 130 lines ASA (American National
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Standards Institute, formerly known as American Standards
Association) 6.0 film would be used. It would build a certain
amount of smear but there was no alternative. In fact, the
new film did not become available until June 1968.

Given their experience with Gambit-1, Greer and
King also introduced another innovative management
technique. In contrast to the extensive testing at the launch
site that characterized Gambit-1, testing that frequently
brought substantial repair work in the Missile Assembly
Building, Greer and King initiated a command system for
Gambit-3, featuring an automated checkout system that
allowed telemetry readout of functions. These readouts
directly indicated whether or not various subsystems
and components operated within acceptable limits. This
automated checkout was normally performed during
final assembly at Kodak and Lockheed, the principal
manufacturers. The components, therefore, went directly
from factory to launch pad.

NRO planners took no chance with the success of the first
launch of Gambit-3. By the time of the launch, recovery
operations had become rather routine, using Air Force
C-130 aircraft and Navy range ships. An NRO agreement
with the U.S. Navy provided for the Navy to support these
recoveries with two such range ships. As the first Gambit-3
launch approached, the Navy, however, had only one ship
on duty station. NRO program officers requested additional
Navy support through the Office of the Commander-in-
Chief, Pacific Forces (CINCPAC), which controlled all DoD
assets in the Pacific. CINCPAC responded that because
of the Vietnam conflict, the usual recovery support could
not be provided. Col King took the issue to DNRO John
McLucas. This was a serious threat to the successful

PRIMARY CAMERA

completion of the mission. McLucas took up the matter
with the Chief of Naval Operations (CNO), ADM David L.
McDonald, who, in turn, sent a flash precedence message
to CINPAC ordering the support. CINCPAC signaled back
to SAFSP, “We don't know whom you know, but how many
battleships do you want and where do you want them
delivered?”

On 29 July 1966 at 1130 PDT, the first Gambit-3 roared
off the launch pad at Vandenberg (the initial launch had
been projected nearly three years earlier for 1 July 1966).
Two hours later, Sunnyvale reported, “All systems appear
normal.” The first Gambit-3 performed exceptionally well.
The satellite achieved a near-nominal orbit. Its mission
lasted five days during which it acquired targets that were
successfully “read out.”®

The overall quality of the imagery from the first Gambit-3
mission was better than that obtained from any Gambit-1
mission. Although the primary optics fell short of the design
goal, the intelligence provided by this mission was the
highest of any reconnaissance satellite to date.

The fate of Gambit-1 was now sealed, although DNRO
Alexander Flax was extremely reluctant to cancel any
planned Gambit-1 launches until Gambit-3 actually
demonstrated a consistent level of capability. Director of
Central Intelligence (DCI) Richard Helms, however, felt
strongly that the success of Gambit-3 warranted cutting
back Gambit-1 launches. The United States Intelligence
Board's (USIB) Committee on Overhead Reconnaissance
(COMOR) proposed, after listening to the arguments, that
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nine Gambit-1s and eight Gambit-3s be approved for the
FY 1967 flight schedule. Contemporary launch schedules
called for the launch of Gambit-1s at the rate of one per
month. The decision to proceed with a mix of Gambit-1
and Gambit-3 was based on the perceived greater cost
of the new system (Gambit-3), and the concern that
success in all of the scheduled missions would cause the
exploitation and analytical elements to be inundated with
high resolution imagery. The concern was real.

During the 11-month period, July 1966 to June 1967,
the success of Gambit-3 created a new problem for U.S.
officials by returning huge quantities of surveillance-
quality photography. The sheer volume overwhelmed
U.S. photointerpreters. The United States now had three
successful satellite systems routinely returning large
quantities of imagery: Corona, Gambit-1, and Gambit-3.
The Satellite Operations Center (SOC) in the Pentagon
was also feeling deluged. It was barely able to cope with
Gambit and Corona.

Despite the success, DNRO Flax was less than euphoric. A
best resolution fell well short of the planned resolution. He,
nevertheless, cancelled the final five Gambit-1 missions on
30 June 1967. Gambit-3 was to be the main surveillance
satellite system. Unlike Flax, DCI Helms characterized
the take from Gambit-3 in November 1967 as providing
“extremely important intelligence.” He saw it as a striking
success. Flax's more cautious optimism proved prophetic.

By late 1967 the inadequacy of the Gambit-3 camera
system remained an unsolved problem. Despite the fact
that it was better than that of Gambit-1, it did not obtain
the resolution originally specified. Some at NRO believed
Gambit-3 would never achieve the resolution for which it
had been designed, much less the long coveted resolution
desired by photointerpreters. However, improvements were
on the way as Kodak continued its work on improving the
mirror substitute materials and the high-speed emulsion on
its ultra-thin base film. Kodak introduced its new film on the
14th Gambit-3 flight on 5 June 1968. By the 27th flight it
exceeded all expectations.?'

Gambit program officials strongly believed that neither
the Soviets, nor anyone else, knew the capability of the
Gambit program. In 1969, however, officials held their
breath as a Soviet satellite, Cosmos 264, began to make
orbital adjustments that U.S. engineers calculated would
bring it within 70 miles of Gambit-3. Eventually the two
satellites passed within 15 miles of each other as NRO
controllers held their breath, wondering if Cosmos was a
“killer satellite.”

SECTION I: HISTORY - GAMBIT

One of the major innovations in the Gambit-3 program was
the introduction of a second recovery vehicle. It eventually
became known as the Block Il program. Growing national
interest during the period of Gambit-3 development in
creating a satellite capability of quick reaction to world-wide
crisis situations drove concepts for improving Gambit-3. As
early as January 1965, DNRO McMillan informed Secretary
of Defense, Robert McNamara, of studies underway for
providing Gambit-3 with such a capability. The Corona
program had demonstrated the feasibility and utility of using
two recovery buckets. The premise behind the change was
that a long-life, multiple capsule, film return system, could
provide urgently required images that would be taken and
returned to earth for evaluation, while at the same time
continuing the satellite's routine surveillance duties.

Fortunately, owing mostly to McMillan's foresight, the
Titan booster used for Gambit-3 had excess lift capability.
The addition of a second reentry vehicle and more film
capacity, while they greatly increased Gambit-3's weight,
did not exceed the Titan lift capacity. Work began on the
Block Il series of Gambit-3 in late 1966. The double-bucket
Gambit was ready by the fall of 1969. The first Block Il
vehicle (Gambit-3, no. 23) flew on 23 August 1969. After
this first successful Block Il flight, the program suffered
a series of annoying problems, from poor orbits, to failed
parachutes, to program malfunctions, which kept it from
reaching its full potential.

Despite the nagging problems, the resolution of Gambit-3
cameras continued to increase. Operational longevity also
increased from 10 days to 27 days. A new lens, under
development by Kodak for several years, was finally
introduced in 1971. It brought an immediate performance
improvement in the camera system. With a different focal
length, the new lens permitted Gambit resolution to surpass
even the previous best. Target coverage also increased.

By August 1977 Gambit-3, with 48 vehicles flown, was a
fully mature, successful satellite program. During the next
seven years, Gambit-3 continued to steadily improve its
performance. Time-on-orbit lengthened to three to four
months for each flight. Target coverage also increased
significantly. By the time of the last Gambit-3 flight in April
1984, Gambit-3 was still producing the high quality imagery,
which maintained its preeminence in technical collection.?

The Corona program provided U.S. policymakers, for
the first time, a capability to monitor military and industrial
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developments over vast areas of the Soviet Union
and other denied areas of the world. Although Corona
provided immeasurable contributions to national security,
its resolution was not good enough to answer numerous
critical intelligence questions regarding Soviet weapons
development. Nor could it provide the image quality
needed to provide true science and technology analysis.
Gambit filled this gap. By the end of the program, Gambit
routinely collected high-resolution imagery.

Gambit imagery closely monitored the Soviet Union.
Gambit also provided insight on China. This information
was vital to U.S. strategic planners, photointerpreters,
and U.S. policymakers and defense planners. The Gambit
system proved to be an invaluable intelligence collection
tool during the Cold War.

In August 1984 President Ronald Reagan emphasized
Gambit's contribution to U.S. intelligence in a message to
DNRO Pete Aldridge:

When the Gambit Program commenced we
were 1in the dawn of the space age.
Technologies we now take for granted
had to be invented, adapted, and
refined to meet the Nation's highest
intelligence information needs while
exploiting the unknown and hostile
medium of space. Through the vyears
you and your team have systematically
produced improved satellites providing
major increases in both quantity and
quality of space photography.

The technology of acquiring high

quality pictures from space was
perfected by the Gambit Program
engineers; Through the vyears,
intelligence gained from these

photographs has been essential to
myself, my predecessors, and others
involved with international policy
decisions. These photographs have
greatly assisted our arms monitoring
initiatives. They have also provided
vital knowledge about Soviet and
Communist Bloc scientific and
technological military developments,
which 1is of paramount importance in
determining our defense posture.

A generation of this Nation's youth
has grown up unaware that, in large
measure, their security was ensured by
the dedicated work of your employees.
National security interests prohibit

me from rewarding you with public
recognition which you so richly
deserve. However, rest assured that
your accomplishments and contributions
are well known and appreciated at
the highest 1levels of our Nation's
government.
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Gambit was primarily a National Reconnaissance Office
(NRO)/Air Force program to develop a high-resolution
“spotter-type” satellite. It caused few bureaucratic turf
battles and became highly successful. Proposals for and
the development of a second-generation search satellite
to follow Corona, however, became embroiled in major
bureaucratic conflicts between the NRO and the Central
Intelligence Agency (CIA).

Despite the bureaucratic in-fighting, the development and
operation of the Hexagon photoreconnaissance satellite
system provided U.S. policymakers and planners with
a unique collection capability. Hexagon's ability to cover
thousands of square nautical miles with contiguous, cloud-
free, high resolution imagery in a single operation, provided
U.S. intelligence users with vast amounts of intelligence
information on the Soviet Union and other denied areas.
It also collected large-scale contiguous imagery within
specific geometric accuracies and unique mapping,
charting, and geodesic data. Used in combination with the
Gambit program, Hexagon was of paramount importance
in confirming or denying Soviet strategic weapons
development and deployment. Its ability to detect quickly
any new Soviet intercontinental ballistic missile (ICBM)
complex or mobile missile placement became invaluable
to U.S. negotiators working on arms-limitation treaties and
agreements.

In May 1963, Director of Central Intelligence (DCI) John
A. McCone convened a Scientific Advisory Panel under the
chairmanship of Edwin Purcell, Nobellaureate and professor
of physics at Harvard University, “to determine the future
role and posture of the United States Reconnaissance
Program.” The Purcell Panel recommended a Corona
improvement program rather than an entirely new satellite
system:

We believe that an attempt to make a
completely new (search) system, which
would provide equally wide coverage
(as Corona) with a modest improvement
in resolution (5-feet, say, instead
of 10-feet around resolution) would
not be a wise investment of resources.

Not entirely satisfied with the Purcell Panel
recommendation, in the fall of 1963, McCone directed
his Deputy Director of Science and Technology (DDS&T),
Albert D. (Bud) Wheelon, to explore the requirements and
possible configuration for a second generation search
satellite to replace Corona. One of the major questions
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confronting Wheelon and his staff was the degree of
resolution needed to fulfill the various requirements of
the Intelligence Community. Wheelon directed his newly
created Systems Analysis Staff, headed by Jackson D.
Maxey, to review the types and characteristics of United
States Intelligence Board (USIB) targets to determine the
kinds of coverage needed. A detailed experiment, which
included 25 National Photographic Intelligence Center
(NPIC) photointerpreters, concluded that the majority of
USIB targets could be properly identified using imagery
with a resolution in the 0.6 to 1.2 m (2 to 4 ft) range. Due
to the cost of booster rockets, Wheelon concluded that
an entirely new camera system with a longer focal length
covering a large swath would have to be developed to
meet such target requirements.

While Wheelon and Maxey continued to work on their
study, Corona's Performance Evaluation Team (PET)
also looked at the problem. The PET investigation effort
examined the possibility of “scaling up” the Corona camera
from the existing 610-mm (24-in) lens to a 1-m (40-in) lens
while maintaining the same “acuity.” According to the PET
report, “scaling up” could improve Corona’s resolution
without having to design an entirely new camera and
satellite.?®

Director, NRO (DNRO) Brockway McMillan and his
NRO staff strongly supported the Purcell Panel and
PET recommendations. This sparked a growing debate
between the NRO and the CIA over the development of a
follow-on system to Corona.?*

Critical of the NRO position, McCone asked for a
meeting with Deputy Defense Secretary, Roswell L.
Gilpatric, to discuss the issue. On 22 October 1963,
McCone and Gilpatric agreed to form a separate CIA-
NRO/AIr Force sponsored research group of the nation's
leading optical experts to explore the issue of improving
satellite photography. Chaired by Sidney Drell of Stanford
University, the group met on 13 November 1963 to study
image quality. The Drell group findings basically supported
the CIA contention that the United States needed a new
system, which would provide Corona-type coverage
with consistent Gambit-type resolution. At the same
time, in order to augment these studies, Wheelon asked
for additional reports from Itek and Space Technology
Laboratories (STL) of the Thompson Ramo-Wooldridge
(TRW) Corporation. All seemed to be in agreement. A new
system was needed to meet the growing requirements of
the Intelligence Community for high quality imagery and
expanded coverage.

Following up these studies, in May 1964, Wheelon
directed ltek and STL to prepare a joint proposal for
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a satellite system that could replace both Corona and
Gambit. The Itek-STL proposal recommended a 2,495-kg
(5,500-Ib) payload containing two, counter-rotating ltek
cameras in an STL three-axis stabilized spacecraft with a
simple recovery system. A modified Titan Il booster with no
second stage would place it directly in orbit. The camera
was to be a dual Maksutov reflective system with /3.0
lenses having a 1.5-m (60-in) focal length employing a
corrective lens, beryllium mirror, and eggerate quartz main
plate. The cameras would provide a nadir resolution from
0.81t0 1.2 m (2.7 to 4 ft) at an altitude of 185 km (100 miles).
In his memorandum recommending NRO/CIA funding for
Project Fulcrum, Wheelon suggested the program could
be developed within 24 months. He also stressed the cost
savings. According Wheelon, by replacing the Corona and
Gambit programs, the government could save money by
the end of FY 1969.%

McMillan was furious. Wheelon and the CIA were
contracting for satellite systems and subsystems studies
without even informing the NRO, which theoretically had
responsibility for all reconnaissance satellite development.
Deputy Director, Research and Engineering (DDR&E),
Eugene Fubini, sympathetic to McMillan's position,
questioned the entire Fulcrum proposal. Fubini reported that
the recent Corona missions seemed to confirm the Purcell
Panel recommendations that substantial improvement in
the Corona camera results could be obtained. Over the
strong objections of McMillan and Fubini, DCI McCone
asked Gilpatric to direct the DNRO to establish Fulcrum as
an NRO development project and assign responsibility for
research, development, and operation to the CIA.

Looking for further support, McCone also asked
Polaroid's Edwin H. (Din) Land to convene a panel of
experts to consider the technical feasibility of the Fulcrum
proposal. The group met on 26 June 1964 and issued its
recommendations the same day. Land called the proposed
system “extremely attractive,” and “praised the ingenuity
of the idea.” The Land Panel also noted several problem
areas but added that the system looked good enough to
fund study efforts.

Armed with the Land Panel recommendation, Wheelon,
on 2 July 1964, formally presented a plan to McMillan for
initiating Fulcrum. After conferring with McMillan, on 8 July,
Deputy Secretary of Defense, Cyrus Vance, cautiously
suggested that the DNRO complete comparative studies
and explore all possible alternatives before committing to
the new system. He, nevertheless, authorized the CIA to
pursue “design tests necessary to establish the feasibility
of the proposed Fulcrum camera concept.”

McCone's and Wheelon's plan went far beyond design
studies. They wanted to build a strong CIA space system
development and management capability. Wheelon and
McCone received the backing of the USIB on 27 July 1964.
The Board approved the recommendation of its Committee
on Overhead Reconnaissance (COMOR) that there was an
urgent need for a search and surveillance system capable
of Corona coverage and Gambit resolution. This echoed
Wheelon's justification for Fulcrum. In August 1964,
Wheelon created a Special Projects Group (SPG) within
DS&T to handle all CIA satellite reconnaissance programs.
He named Jackson D. Maxey Fulcrum Project Manager.
(Maxey was one of several senior engineers Wheelon hired
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OBJECTIVES
® CONTINUOUS SEARCH AND SURVEILLANCE
® MAPPING AND GEODETIC SURVEY
PAYLOAD DATA
® STEREO-PANORAMIC CAMERA — 60-INCH FOCAL LENGTH
® 230,000 FEET — 6.6-INCH FILM
o FORMAT — 300 NM X 16.8 NM (VARIABLE)
e COVERAGE — 20 MILLION 5Q NM/MISSION
» RESOLUTION - 2.0 TO 7.0 FEET (NADIR TO &0 DEGREE)
@ MAPPING CAMERA — 12-INCH FOCAL LENGTH
& 3300 FEET —9.5-INCH FILM (TERRAIN)
e 2000 FEET — 70 MM FILM (STELLAR)
o FORMAT — 140 NM X 70 NM
® COVERAGE — 4.5 MILLION SQ NM/MISSION
@ FIVE RECOVERY VEHICLES
« FOUR FOR PANORAMIC CAMERA
« ONE FOR MAPPING CAMERA
ORBITAL DATA
@ INCLINATION — 96 DEGREES SUN=-5YNCHROMNOUS
® AVERAGE PERIGEE - B8 NM
® AVERAGE APOGEE — 135 NM
@ MISSIOM LIFE — 130 DAYS

Hexagon system concept

from industry.) He also brought in Leslie Dirks as project
engineer. In addition, Wheelon proposed to McCone that
the CIA sponsor two competitive design efforts for the
film-handling system for the Fulcrum camera. At the same
time, Wheelon initiated spacecraft and recovery vehicle
competitions. Itek won the camera competition. General
Electric (GE) became the spacecraft contractor and Avco
the reentry vehicle designer. These CIA efforts touched off
a bureaucratic donnybrook with the NRO and Department
of Defense (DoD) that threatened the very fabric of the
U.S. National Reconnaissance Program (NRP).

McMillan and the NRO believed Wheelon and the CIA had
exceeded their authority and gone far beyond preliminary
design concepts. McMillan took sharp exception to CIA's
development of a spacecraft and a Satellite Recovery
Vehicle (SRV). Such development, McMillan believed, was
contrary to the Third NRP Agreement that gave the NRO
specific responsibility for the spacecraft and SRV. McMillan
protested that the CIA should limit its activity to developing
the sensors carried by the satellites. McMillan requested a
suspension of further CIA efforts until the situation could be
considered by the ExCom.?

Meanwhile, CIA officials learned that DNRO McMillan had
authorized Secretary of the Air Force/Special Projects Office

(SAFSP) to begin preliminary designs for a photographic
payload that would include an optimal search and broad-
coverage satellite system. McMillan authorized this SAFSP
study in early 1964, even before the CIA's Fulcrum Project.
These efforts became known as S-2. Eastman Kodak and
ltek completed S-2 preliminary designs by September
1964. Even after the formal approval of the CIA's Fulcrum
project, McMillan approved further camera studies at
Fairchild Camera and initiated studies for a new orbiting
vehicle at both Lockheed and GE in support of S-2.

Relations between the NRO and the CIA continued
to deteriorate. Even before Deputy Secretary Vance
established a steering group to evaluate the most
promising search and/or surveillance satellite and the CIA
agreed to participate, cooperation between the CIA and the
NRO became virtually nonexistent. When McMillan asked
Wheelon to furnish a Fulcrum briefing to the steering group
for “the new NRO Search/Surveillance Satellite system,”
Wheelon refused. He replied that “he would have to await
instructions from ‘his boss’ before agreeing to brief the
steering group as requested.” Wheelon added that, “his
organization was not persuaded that the steering group
was a proper or good idea.” Given this attitude, the steering
group accomplished little.
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In this fight, McMillan and his NRO staff stood virtually
alone in attempting to defend the authorities of the NRO.
Secretary of Defense McNamara and most of the DoD
were preoccupied with Vietnam. The regular Air Force, or
White Air Force, totally ignored space activities. The Air
Force Space Systems and Air Staff were still smarting from
being excluded from most satellite developments. Even
SAFSP took a limited interest. Located in Los Angeles,
California, SAFSP officers concerned themselves solely
with operations. They saw their role as strictly “birding”
(launching and operating satellites). Future systems were
not their concern, nor was politics. They saw politics as
strictly a function of their “Washington branch.” Moreover,
coming from Bell Laboratories, McMillan had few inside
connections either in Congress, the White House, or the
Department of State.

To get around the DoD's steering group, McCone turned
to Din Land and his Panel of experts to evaluate Fulcrum.?”
Convening at ltek headquarters in Boston on 23 February
1965, the panel heard presentations on Fulcrum as well
as the other search system studies funded by the NRO
(S-2) by Eastman Kodak, Itek, and Fairchild Camera. ltek
officials startled CIA officials when they announced to Land
that ltek was withdrawing its support from the Fulcrum
program because of disagreements with the CIA over
systems specifications.?

McCone and Wheelon had hoped and expected that the
Land Panel findings would be the basis for early approval
of Fulcrum by the ExCom.?® In order to preserve Fulcrum
sensor work and the momentum of the project, Wheelon
quickly arranged to transfer Itek's government-funded ltek-
design plans for the Fulcrum camera system to Perkin-
Elmer of Norwalk, Connecticut. Perkin-Elmer had been
working on a smaller back-up design for the CIA since
June 1964.

The steadily growing hostility between the NRO and
the CIA and the constant battles between Wheelon and
McMillan brought the program to a near standstill. On 13
July 1965, in a report to Vance and new DCI VADM William
F. Raborn, Jr., McMillan indicated he intended to select the
S-2 system for a new search satellite. Upon the advice
of Wheelon, Raborn countered by asking Vance to delay
any decision pending the Land Panel's report. On 26 July
1965, the Land Panel finally issued its recommendation.
It satisfied no one. The Panel recommended that all three
camera system studies (the CIA effort at Perkin-Elmer and
the NRO S-2 programs at ltek and Kodak) be funded for an
additional three months.

At this point work on Fulcrum virtually came to a standstill
as DCI Raborn and Deputy Secretary of Defense Vance
worked out a new NRP Agreement—the fourth. Signed
on 13 August 1965, the new agreement gave the CIA
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Hexagon SV-5 forward section with mapping camera module

responsibility for developing the optical sensor subsystem
of the advanced general-search satellite (Fulcrum) and
the engineering development of the spacecraft, reentry
vehicles, and booster to the NRO and the Air Force. Both
sides hoped this carefully crafted agreement would provide
the incoming DNRO, Alexander Flax, with the authorities
and leverage to resolve the bitter, divisive debate between
the NRO and the CIA over roles and responsibilities for the
new satellite system. It did not.

McMillan departed the NRO on 30 September 1965,
disappointed that the new agreement was less explicit in
stating the authorities of the DNRO than the old agreement
had been. The new agreement did not please many in the
CIA either. Maxey, who headed the Fulcrum effort and was
chief of the Special Projects Staff (SPS), resigned because
he felt strongly that the new NRP pact was too restrictive
on the CIA.%

Flax moved quickly to get the new system on track and
mend relations with the CIA. Deputy Director, Central
Intelligence (DDCI) Richard Helms also moved to develop
a more cooperative relationship between the Agency and
DoD. He wrote to Flax that the CIA was consolidating all
CIA elements supporting the NRO into an organization
headed by Huntington Sheldon, the Director of CIA
Reconnaissance, and that all CIA satellite activities would
be placed in a new Office of Special Projects (OSP)
under John Crowley. Aiding the situation was the fact
that Crowley, the new chief, and Flax got along well.
Flax, in turn, established a Technical Task Group and a
Project Management Task Group to study the various
forms of program development and program partnership.
Nevertheless, the bickering continued.

Faced with a lack of consensus on the “right” way to do
the project, Flax devised his own plan for the management
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and technical development of Fulcrum. On 22 April 1966,
Flax submitted his plan to the ExCom for consideration
and approval. Now called the HELIX program, Flax
recommended a management approach that would make
the CIA OSP responsible for the entire sensor subsystem
and SAFSP responsible for the remaining system
elements. He proposed making the Director, SAFSP, the
project director for the entire system, stating that SAFSP
was “the only NRP component possessing the personnel,
facilities, operational resources, experience, and technical
competence to be designated Special Project Director
(SPD) for the new general search and surveillance satellite
system.” CIA officials countered that the CIA's in-house
technical personnel and its relationship with the contractors
built up over the years, gave it the capability of program
management commensurate with that of SAFSP.

Despite continuing CIA protests, the ExCom, meeting
in executive session on 26 April 1966, approved Flax's
HELIX/Hexagon program proposal as submitted.®' Finally,
more than two years after the original Fulcrum planning,
the ExCom gave formal authority for developing a new
search and surveillance satellite system—Hexagon. Flax's

MAPPING CAMERA SYSTEM

compromises did not resolve all issues between the CIA
and the NRO but they did reduce the “turf battles” and
allowed development of Hexagon to proceed.

The CIA awarded Perkin-Elmer the contract for the
design, development, and fabrication of the camera
system for Hexagon in October 1966, in a cost-plus-fixed-
fee contract. Realizing that the Hexagon contract was the
largest single program ever undertaken by Perkin-Elmer,
OSP chief, Crowley, traveled to Perkin-Elmer headquarters
to urge the company's executives to use a new System
Engineering/Technical Support (SETS) System developed
by the TRW Corporation.®? Despite Crowley's concern
and special effort to warn Perkin-Elmer of the immense
size of the Hexagon project, by the end of 1966, work at
Perkin-Elmer was already several weeks behind schedule.
Just manning the program was a major problem. Perkin-
Elmer's original proposal called for growth from 150 to
600 people within four months and to 700 by the eighth
month. This rate proved impossible to achieve, especially

THE HEXAGON SYSTEM

PAYLOAD—mirrors, camera, film supply,
command & confrol

STEREO PANORAMIC CAMERAS g

DIMENSIONS

Length: 40 feet
Diameter: 10 feet
Weight: 30,000 pounds

Hexagon vehicle on orbit



given the long delays in security and clearance approvals.
Perkin-Elmer's lack of extensive electronic-design
experience and shortage of electronic engineers also
created serious problems. In addition, the general Perkin-
Elmer management structure was simply inadequate for
the magnitude of the Hexagon program. In January 1967,
Crowley decided the situation required drastic action.
He invited the key Perkin-Elmer managers, including
company president, RADM Chester W. Nimitz, Jr., USN
(Ret) to CIA headquarters for a management planning
session. Crowley told the Perkin-Elmer officials that he
was “deeply distressed and vitally concerned” about the
lack of progress and even more concerned about Perkin-
Elmer's attitude toward deficiencies that had surfaced in
both management and technology. Crowley's frank talk
resulted in a management overhaul at Perkin-Elmer.

The Hexagon sensor subsystem developed by Perkin-
Elmer consisted of a two camera assembly, the film
supply, and four take-ups. Located in the Hexagon satellite
mid-section, the camera assembly contained a pair of
panoramic cameras mounted in a frame. One camera
looked forward on the satellite vehicle (camera A, port
side) and the other looked aft (camera B, starboard side).
Each camera had a 60-in focal length, f/ 3.0 folded Wright
optical system. This optical system, which contained both
reflection and refracting optical elements, was mounted in
an optical bar.

Perkin-Elmer's optical bar involved two, 1-m diameter
tubes each containing a 75-cm (30-in) optically flat mirror.
This was mounted at a 45-degree angle to reflect the
ground images passing beneath the satellite and through
a corrector plate into a 91-cm (36-in) concave main mirror
at one end of the tube. Images collected in the main
mirror were then focused through a hole in the flat mirror
and into a compound lens, located behind the flat mirror.
The compound lens then projected the images onto the
film platen at the opposite end of the optical tube. As
the satellite moved through space, each optical bar tube
rotated about its longitudinal axis in opposite directions.
This provided a panoramic image, up to 120 in wide. Each
optical bar was longer than the payload part of Corona.
Just to test the tubes, Perkin-Elmer built an entirely new
facility at Danbury, Connecticut.

Early on, Perkin Elmer had difficulties with the 91-cm (36-
in) main mirror. Initially, the West German firm supplied the
mirror blanks, which were quartz optical surfaces fused
to ceramic cores. The first blanks exhibited faults in the
bonding of the face plates to the cores. These first, fused
quartz, blanks were also very heavy and brittle for use
in space. CIA and Perkin-Elmer engineers searched for
a different material that was lighter weight, with a lower
coefficient of expansion.
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Beryllium, a relatively rare and lightweight metal, met all
their requirements. It was one third as heavy as aluminum,
had a very low coefficient of linear expansion, resisted
oxidation, and was capable of being polished to a very
high degree of reflectance. Its reflectivity extended beyond
the visible spectrum into the infrared area, where many
other mirrors failed. Unfortunately, beryllium was toxic.
Inhalation of beryllium salts caused a reaction similar to
chlorine poisoning.

Despite the hazards, Perkin-Elmer undertook a program
to develop a beryllium folding mirror for the twin-60
cameras. It soon abandoned the project as too expensive
and dangerous. Eventually, Perkin-Elmer decided to use
a heavier but less expensive and less dangerous product
that had several advantages. It was of lightweight, almost
100 Ibs less per mirror blank then fused quartz, and it had
a much lower coefficient of expansion. Its cost, however,
was 20 percent greater than the German blanks. Hexagon
managers reverted to the West German product.

Inorderforimagery to be useful formeasurement purposes
(measuring distance and determining the size of objects
on the ground), satellite altitude and position information
needed to be recorded at the exact moment a picture
was taken. In the Corona system, this was accomplished
by using a stellar-index camera, a separate unit, which
took pictures of both the star fields and the ground, thus
allowing analysts to determine vehicle altitude and position
accurately. This made it possible to prepare maps from
Corona imagery. The Defense Mapping Agency also
desired a map making capability from Hexagon imagery.
In July 1968 ltek became the prime contractor for the
stellar-terrain camera and GE for the RV. This was nearly
20 months after Perkin-Elmer won the contract for the
main Hexagon cameras. First launch date was projected
for April 1970.

The Itek Corporation had far less trouble with the
mapping camera module than Perkin-Elmer had with the
main camera. ltek developed and built a mapping camera
module that contained a stellar-terrain camera with a 12-in
/6.0 metric lens with eight elements. It used 9.5-in film. The
stellar camera, which imaged stars above sixth magnitude,
had two 10-in f/ 20 systems—one looking out each side of
the module. It used 70-mm film. The GE RV was simply an
improved version of the vehicle originally developed for the
Corona program, modified to accommodate the 9.5-in and
70-mm film take-ups.

It was not until 20 July 1967 that DNRO Flax finally
approved a contractor, Lockheed, for the spacecraft.
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Under the leadership of program manager, Stanley I.
Weiss, the general vehicle configuration for Hexagon soon
began to emerge. Hexagon would be a satellite vehicle 10
ft in diameter and with an overall length of nearly 47 ft.
One section would be devoted to the satellite control unit
(the brains of Hexagon), one to the sensor subsystem (the
cameras), and a recovery section of four RVs. To grasp the
sheer size of Hexagon, the spacecraft weighed five times
more than the Corona payload—22,500 Ibs compared
to 4,280 Ibs. It was designed to be well within the lift
capabilities of the Titan IlI-D booster.

The spacecraft design and development experienced few
major problems. In early 1971, however, Lockheed itself
became involved in a serious financial imbroglio, which
nearly brought about the collapse of the company. Rolls-
Royce Motors Ltd. of Great Britain was under contract
to provide the jet engines for Lockheed's new widebody
TriStar airliner. Rolls-Royce’s financial collapse threatened
Lockheed's promised delivery of its TriStars to several
airlines. This in turn created a cash-flow problem for

Hexagon SV on Titan Il D booster

Lockheed (Lockheed was already claiming heavy losses
connected with its Air Force C-5A Galaxy aircraft).

In order not to delay the highly classified work then being
performed by Lockheed for Corona and Hexagon, the
firm spun off its missiles and space division. It became
Lockheed Missiles and Space Company, a wholly owned
subsidiary. It was, however, now protected if Lockheed
found it necessary to declare bankruptcy. Eventually,
the U.S. Government provided a $210 million loan to
help Lockheed avoid bankruptcy. It, nevertheless, was a
close call for some of the United States' most closely held
programs.

Although progress on the various Hexagon components

continued, mounting cost overruns and delays brought
slippage to the projected launch schedule. By late 1967,
Flax and the entire Intelligence Community began to fear
that further slips in the Hexagon launch schedule might
result in a period during which there would be no photo
coverage of the Soviet Union.3?

Bickering between NRO officials and the CIA continued
as well as CIA and SAFSP fighting over the development
of on-orbit operational control software for the system. CIA
officials wanted to control the satellite from the Satellite
Operations Center (SOC) in Washington, sending specific
commands to the Satellite Test Center in California for re-
transmission to the satellite. This was the system used for
the Corona program. SAFSP maintained that the complexity
of the new system required that all control of the satellite be
done by the Satellite Control Center (SCC) at Sunnyvale,
California. In a compromise, Flax finally decided that the
SOC in Washington would send a list of requirements with
their priorities to the SCC where the actual target selection
for a particular revolution would be made, given weather
conditions and vehicle health. Although the CIA was not
entirely happy with the decision, it was, nevertheless, a
semi-victory for the Agency since the CIA now controlled
the requirements, which drove the system.

From the origins of the Hexagon (Fulcrum) program, critics
maintained that system requirements could be satisfied less
expensively by improving Corona or by using some other
less sophisticated system. When the cost of Hexagon at
Perkin-Elmer alone rose dramatically in February 1968 and
other contractors began showing similar cost increases,
the critics intensified their efforts. In 1968, new Deputy
Secretary of Defense Paul Nitze questioned the need for
Hexagon. Echoing Nitze's concerns and confronted with
escalating Vietnam costs, the Bureau of the Budget (BoB)
recommended that Hexagon be cancelled in early 1968.
Hexagon was the single most expensive item in the 1968
through 1970 NRP. As an alternative to Hexagon, DNRO



Flax, asked the CIA for cost estimates for developing
an Improved Corona system. The CIA reported that an
improved Corona, without a complete redesign, (with costs
estimated to be equal to those of completing Hexagon)
could never provide the search resolutions needed for
verification of arms limitation agreements (resolutions
of 3 ft or better). After reviewing the CIA cost estimates
for 20 Improved Corona satellites, an NRO study group
recommended to the ExCom that Hexagon be continued.
The ExCom agreed and nothing came of the BoB'’s
recommendation.3

The Presidential election in November 1968 and the
inauguration of Richard M. Nixon as President in January
1969 brought a series of personnel changes and another
look at the Hexagon program. Melvin Laird became
Secretary of Defense and John L. MclLucas, a former
DDR&E and head of the Mitre Corporation, replaced Flax
as DNRO. In the spring of 1969, the BoB renewed its
recommendation to cancel Hexagon.®

As Perkin-Elmer began to lay off employees in response
to the BoB recommendation, DCI Richard Helms mounted
a major effort to have Hexagon reinstated. He called upon
Roland Inlow, who had been deeply involved in planning
for the Strategic Arms Limitation Treaty (SALT) to study
the impact of the loss of Hexagon on arms limitations
negotiations. Inlow found that all SALT proposals being
made by U.S. officials were predicated on the availability of
large-scale search photography from Hexagon satellites.
Helms urged Inlow to brief James R. Schlesinger, the
BoB’s Director for International Relations, on his findings.
Inlow did. Helms and Inlow also invited Schlesinger, Vice
President Spiro Agnew, and DNRO McLucas for a briefing
at NPIC on the Hexagon project. After hearing the briefing,
Schlesinger and Agnew recommended to President Nixon
that the Hexagon program be reinstated. On 15 June 1969,
the BoB reversed its decision and reinstituted Project
Hexagon. Full-scale work resumed on the camera system
at Perkin-Elmer, but the cost continued to escalate.

One of the most difficult engineering problems confronting
Perkin-Elmer and CIA engineers was the challenge of
moving film at very high velocities over many rollers
and around sharp bends to deliver it to the focal-plane
platen and then transfer it to the take-up reels in the film
buckets. The high speeds and shiny surfaces created
many problems, including the familiar Van de Graaff effect
which had plagued Corona. Another problem was the heat
generated by the friction of the film as it rubbed over rubber
rollers or on shiny metallic bearing surfaces. In prototype
models, the film heated up, became gummy, and stuck to
these surfaces.
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Hexagon launch

Perkin-Elmer engineers, headed by Rod Scott, attacked
the film transport problem by adapting a unique air-bag
(a gas-cushioned bearing surface) approach Scott had
designed for the Oxcart (SR-71) cameras. This method
permitted moving the film through the spacecraft without
it touching either rubber or metal until it reached the focal-
plane platen, and then not again until it reached the take-
up reel. The 168-mm film, traveling at 6.6 m (21.6 ft) per
second, left the supply spool, entered the film channel,
traveled nearly 4 m to the focal-plane platen, stopped to
accent images from the optical-bar lenses, and moved
along another 6 m to the take-up reel. In between the film-
supply reel and the platen and between the platen and the
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take-up reel, the film was allowed to go slack in a buffer
chamber known as a “looper” so that the torque of starting
and stopping would not stretch or tear it.

Despite the setbacks, all appeared ready for a first launch
on 15 June 1971. One final glitch appeared when Lockheed
attempted to move the flight vehicle from Sunnyvale to
Vandenberg Air Force Base for launch preparation. The
State of California restricted use of the vehicle transporter
(a mammoth vehicle some 14 ft high, 14 ft wide, and 70 ft
long) to daylight, weekday, and non-rush hours. It was 28
May, the start of the Memorial Day weekend. The satellite
could not be moved to Vandenberg until after the holiday.

The Hexagon spacecraft itself was as big as a locomotive
and 16.7 m (55 ft) long, almost as large as NASA's
Spacelab, and weighed several metric tons. It contained
two giant, rotating optical-bar tubes, each with a 91-
cm mirror and a camera. There were also four Satellite
Recovery Vehicles (SRVs) for returning film to earth and

a 208,000-ft film supply. At 1141 Pacific Daylight Time
(PDT) 15 June 1971, the first Hexagon, sitting atop a Titan
I1I-D missile, roared over the launch pad. The Lompoc,
California Record reported the launch and nicknamed the
satellite “Big Bird.”

On 20 June 1971, during orbital revolution 82, the first
film bucket separated from the satellite and reentered
the earth's atmosphere in the Hawaiian recovery area.
Recovery teams sighted the capsule and its badly damaged
parachute. It hit the ocean but the recovery teams got to it
before it sank. The film was immediately flown to Eastman
Kodak in Rochester, New York for processing. An NPIC
representative at Eastman Kodak remarked after reviewing
the film, “My God, we never dreamed there would be this
much, this good! We'll have to revamp our entire operation
to handle the stuff.”

The second film bucket was brought back to earth on
26 June and recovery teams successfully snatched it
in midair. Both the first two buckets provided extensive
coverage of Soviet missile sites and other sensitive
targets. The U.S. Intelligence Community greeted the

Hexagon re-entry chute



product enthusiastically. Unfortunately, when the third RV
deorbited on 10 July, its main parachute failed completely
and the bucket made a high-speed impact into the Pacific
Ocean. It sank in several thousand meters of water before
the recovery team could reach it. Arecovery team snatched
the fourth film bucket without incident on 16 July.

Approximately 75 percent of the photography in the three
recovered film buckets was free of clouds, a considerable
improvement over earlier satellite photography. This was
due to a revolutionary new system named the Hexagon
Targeting Program (HTP). The HTP effort was a computer-
based method for determining, prior to launch, the
accessibility on the intended targets for each mission as
well as the likelihood of their being cloud-free. The major
features of the HTP included: the use of World Aeronautical
Chart (WAC) divisions known as World Aeronautical Grid
(WAG) cells, which were a uniform 12 by 18 nm, computer
routines for forecasting cloud cover, and maintaining a
WAC cell climatological history. Eventually, HTP became
part of a much larger NRO effort known as TUNITY. It
was used in coordination with the Air Force's advanced
Defense Meteorological Satellite Program and increased
the efficiency of Hexagon cameras to 90 percent.

During its 52-day mission (31 days active phase) this first
Hexagon conducted 430 photo operations and produced
an average ground resolution of 3.5 ft and a best resolution
of 2.3 ft. It used 175,601 ft (1,350 Ibs) of film. Of this
123,601 ft (930 Ibs) was recovered. In comparison, the
first successful Corona recovery (August 1960) carried 20
Ibs of film. Later, Corona flights carried 40 Ibs, the two-
capsule version, 80 Ibs. In the Gambit program, Gambit-1
carried 45 Ibs of film and 3,000 ft of film. Gambit-3 carried
multiple types of film with differing weights that ranged in
length from 7,500 to 10,000 ft of film. It also included two
film return capsules, increasing the duration of Gambit-3
missions.

The first Hexagon mission was an outstanding success.
For example, the first return capsule contained coverage
of more than two thirds of Soviet missile sites alone. The
first mission was not without complications, however.
Batteries on the first Hexagon overheated, reducing
camera operations. Additionally, only the fourth return
capsule was free of parachute malfunctions. The first and
second capsules were captured despite limited parachute
malfunctions. The third return capsule’s parachute failed
completely and the capsule hit the ocean surface with such
force that flotation devices also failed. The capsule quickly
sank to the ocean floor, nearly 3 miles below the surface,
before surface ships could retrieve the capsule.

The second Hexagon mission, no. 1202, was originally
scheduled to launch three months after the return of the
final capsule from the first Hexagon mission. The problems
with batteries and parachute malfunctions resulted in a
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longer delay, and the second mission was launched on 20
January 1972. The first two return capsules were retrieved
uneventfully. A film tracking malfunction of the aft camera
left only the forward camera available for the final two
capsules. Both were retrieved uneventfully in February,
1972.

The third Hexagon mission, no. 1203, was launched
7 July 1972. A modified parachute design for the return
capsule was incorporated into this mission as well as
some additional modifications based on the previous two
Hexagon missions. Similar to the second mission, both of
the first two return capsules were de-orbited and retrieved
without difficulty. During imaging operations for the third
capsule, an altitude control problem developed as well as
film tracking problems again with the aft camera. Both
problems limited successful imagery operations for the
third and fourth return capsules, despite their successful
retrieval.

The fourth Hexagon mission, no. 1204, launched on 10
October 1972, involved an extraordinary effort by CIA and
NRO officials to test color film and analyze camera focus.
This exercise deployed targets throughout the Southwest
United States to evaluate Hexagon camera operations with
color film. A 28-man team cleared sites and erected and
dismantled various configurations along the ground trace
of the Hexagon satellite so they were photographable as
the Hexagon passed overhead. Known as ground-truthing,
CIA and NRO engineers used the photographs of these
targets to analyze the focus accuracy of the Hexagon
optical system. NRO and CIA officials considered this 68-
day mission highly successful.

The fifth Hexagon flight, mission no. 1205, launched on
9 March 1973, was the first to carry the separate Mapping
Camera System. Both the stellar and the terrain cameras
functioned well during the mission. Defense Mapping
Agency analysts rated the results “outstanding.” Numerous
small man-made features were easily detected and often
identifiable; a baseball diamond, a small aircraft on a
taxiway, individual homes with driveways and automobiles.
This was quite remarkable for a 12-in focal-length lens at
a 92-mile altitude. The stellar photography also provided
adequate star images in both magnitude and quality.

When President Nixon approved the CIA proposal for a
follow-on imaging system as the next photo reconnaissance
system in September 1971, Carl Duckett, DDS&T, and
other CIA officials, began to look for ways to ensure that
the new program was properly staffed. They asked DNRO
John McLucas to consolidate all aspects of the Hexagon
program under Program A (SAFSP) so that Program B
(CIA) could concentrate on the new revolutionary system.
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McLucas agreed and transferred Program B responsibilities
for Hexagon to Program A. The transfer went smoothly and
on 1 July 1973, Gen David D. Bradburn, Director SAFSP,
formally assumed all responsibility for management of the
Hexagon system, wiring the CIA “we will do our very best
to continue the proud record.” The CIA’s Office of Special
Projects was now free to focus on the next generation of
imagery satellites.

The Hexagon program continued to fly with ever-
improving results after the transfer. Unfortunately, the
Hexagon program ended on 18 April 1986. A catastrophic
Titan 34D failure, nine seconds after lift-off, terminated the
20th and final Hexagon mission. Nevertheless, during its 13
year-life, Hexagon proved to be an invaluable intelligence
collection tool.

Despite numerous delays and large cost over-runs,
Hexagon met 70 to 80 percent of all the U.S. Intelligence
Community’s surveillance requirements. Considering
that the Soviet Union encompassed an area of almost 7
million square nautical miles, the mature Hexagon system
would image about 80 percent of this area, cloud-free, on
a typical mission. During its lifetime, Hexagon played a
key role in monitoring Soviet research and development,
production, and deployment of strategic offensive and
defensive weapons systems. It made possible the first
SALT in 1972. Hexagon's broad area coverage capability
provided U.S. officials a high degree of confidence, that
the United States could detect any new Soviet installations
or activities early in the construction phase. The ability
of Hexagon to furnish high quality imagery of military
installations also allowed U.S. intelligence analysts to
develop and maintain very accurate, order-of-battle
information on Soviet and Chinese forces.*® Entire Soviet
military districts, for example, could, at times, be imaged
on a single mission. These images provided current and
accurate force-structure assessments. Hexagon's broad
area coverage provided the U.S. analysts opportunities
to monitor large-scale Soviet military exercises. In March
1979, for example, when the Soviets staged a major military
exercise in Mongolia, in response to the Chinese attack on
Vietnam, Hexagon captured the Soviet mobilization.

Hexagon was also tasked to provide coverage of Soviet
and Chinese nuclear test sites; often providing complete
coverage of these test sites often in a single image. This
allowed U.S. officials to closely monitor test preparations
and assemble data on the tests themselves. Hexagon also
played a key contributing role in U.S. economic forecasts
and projections regarding the Soviet economy. During its
lifetime, Hexagon provided economic intelligence on Soviet
heavy metal production, oil and natural gas exploitation,
nuclear production, and conventional electrical power

capacity. It also photographed Soviet grain-growing
regions allowing accurate U.S. predictions on Soviet grain
production.

In addition to its coverage of the Soviet Union and China,
Hexagon produced more detailed knowledge of third world
development than any system before or since. Moreover,
the Defense Mapping Agency and other government
agencies that produced maps and charts were almost solely
dependent on Hexagon for mapping source materials. Not
a bad job for an over-sized “Big Bird.”
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During the heart of the Cold War, the National
Reconnaissance Office (NRO), with its Central Intelligence
Agency (CIA) and Air Force components and their industry
partners, designed, developed, built, and operated the
Gambit and Hexagon photoreconnaissance satellite
systems. The growing reality of a Soviet nuclear arsenal,
the development of Soviet nuclear-tipped intercontinental
ballistic missiles (ICBMs), and a vigorous Soviet nuclear
weapons program, combined with an increasingly
complex and divisive Vietnam conflict, created a global
crisis atmosphere for U.S. policymakers during the 1960s
and 1970s. A sense of extraordinary urgency swept over
Washington as U.S. officials searched for intelligence on
the Soviet Union and its allies.

This crisis atmosphere drove the NRO effort to
develop the next generation of search and surveillance
satellites and to provide U.S. decisionmakers with ever
more detailed imagery. Building on the pioneer efforts
and accomplishments of the Corona program, U.S.
designers, engineers, scientists, and managers pushed
photoreconnaissance and space flight technologies
to their limit in order to meet the demand for more and
better photographs from space of Soviet activities.

Most program officials felt the security of the United States
depended upon their success.

The years of Gambit and Hexagon program development
were marked by great vision, repeated disappointment
and failure, and finally by extraordinary triumphs. Gambit,
an NRO/Air Force/private industry effort strove to capture
clear details of Soviet weapons activity. Under constant
pressure to achieve results quickly and operating almost
totally in a “black” environment, the Gambit program
suffered from excessive compartmentation and secrecy.
Corona program development, with its successes and
failures, for example, remained virtually unknown to
Gambit officials. This resulted in duplication of effort
and long delays in design and testing time. Only the
introduction of Corona technologies such as the stabilizing
Agena second stage “hitchup,” the state-of-the-art roll-
joint, the Lockheed developed “Lifeboat,” and Corona
recovery techniques saved the early Gambit program
from cancellation and catastrophic failure. Frustrated time
and again with system problems, the Gambit team finally
reached its goal of routinely providing U.S. intelligence
analysts with high resolution imagery. It was a giant step
from the fuzzy, 20- to 30-ft resolution imagery provided by
the early Corona cameras. This imagery was even better
than manned reconnaissance photography. It amazed
U.S. photointerpreters.

Overcoming technical uncertainty, Gambit scientists
and engineers not only brought a revolution to space
photography but they made major improvements in
satellite command and control systems, time on orbit,
and target coverage. Its impact on U.S. intelligence
capabilities was enormous. Combined with the imagery
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data from Corona and Hexagon, Gambit provided the U.S.
Intelligence Community with over 90 percent of its hard
data on the Soviet Union. For the first time, using Gambit
imagery, U.S. officials had detailed factual information and
accurate mensuration data to actually develop engineering
drawings on Soviet weapons capabilities. This helped
U.S. officials save billions of dollars in U.S. weapons
development alone. President Lyndon Johnson expressed
his appreciation for these satellites when in early 1967,
he informed a meeting of American educators that these
satellites “justified spending ten times what the nation had
already spent on space.” “Because of this reconnaissance,”
the President confided to the group, “I know how many
missiles the enemy has.” President Johnson also knew,
because of Gambit, the approximate capabilities and state
of readiness of Soviet ICBMs.

Hexagon, like Gambit, was a daring technological
challenge. An NRO/CIA/industry program, Hexagon
became the ultimate film-return photoreconnaissance
satellite system. It, like Gambit, suffered hard times during
its development stages. Not only were there technological
problems to overcome—camera and film design, reflective
and refractive mirror construction, and film movement—
but Hexagon also suffered from constant bureaucratic
struggles over who would control the program. The often
bitter debates between the NRO and the CIA caused major
delays in design and development time. This resulted in
serious launch slippages and major costoverruns. Originally
proposed as a cost-saving system to replace Corona and
Gambit, Hexagon became the most expensive system yet
built. Nevertheless, Hexagon proved to be an extraordinary
success. It had the capability of providing stereoscopic,
cloud-free photography over 80 to 90 percent of the Sino-
Soviet landmass on each mission. In addition, Hexagon
had the unique ability to satisfy surveillance and mapping,
charting, and geodetic data requirements. Hexagon
imagery, by providing continuous direct evidence of Soviet
activities, helped eliminate the surprise element for U.S.
officials and increased the Intelligence Community's and
U.S. policymakers confidence in the overall intelligence
product. It provided the hard data for analysis. It also
provided assurance to U.S. leaders negotiating arms
limitation agreements with the Soviets.

Gambit and Hexagon proved to be of paramount
importance to U.S. policymakers. With these systems,
U.S. officials had detailed information on Soviet strategic
weapons development and deployment. Any new Soviet
ICBM complex or development, such as mobile missile
deployment, was quickly detected. Soviet construction of
antiballistic (ABM) sites, nuclear submarines, aircraft, and
naval vessels, and Soviet ballistic missile launchings were
all carefully monitored by Gambit and Hexagon. Conceived
and built under a crisis situation, these systems stretched
space technologies and ultimately performed well beyond
their initial expectations. They were truly, “Critical to U.S.
Security.”
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1. Traditionally, photointerpreters divided reconnais-
sance photography into two categories. One was “search.”
It was dedicated to finding something. Corona was a
search system. Its cameras were designed to photograph
large contiguous areas in a single frame of film. The sec-
ond observation function was “surveillance.” Once it was
determined there was something of interest there, the sur-
veillance system provided detailed information on the par-
ticular target.

2. For a review of the missile gap controversy see
Roy E. Licklides, “The Missile Gap Controversy,” Political
Science Quarterly 85 (1970): 600-615. For a detailed
review of the U-2 program see Gregory W. Pedlow and
Ronald E. Welzenbach, The Central Intelligence Agency
and Overhead Reconnaissance: The U-2 and Oxcart
Programs 1954-1974 (CIA, 1992) (S). In August 1957,
the Soviets launched a long-range ballistic missile. On 4
October 1957, they rocked U.S. policymakers by orbiting
Sputnik | (the first artificial earth satellite; it weighed 84 kg
or 185 pounds) and in November 1957 the Soviet Union
announced the launching of another earth satellite weigh-
ing 900 kg or 1,980 pounds. See Gerald K. Haines, The
National Reconnaissance Office, Its Origins, Creation, and
Early Years (NRO, 1997), pp. 12-13, Cargill Hall “Post-
War Strategic Reconnaissance and the Genesis of Project
Corona,” and Robert A. McDonald, ed., Corona: Between
the Sun and the Earth, The First NRO Reconnaissance
Eye in Space (American Society for Photogrammetry and
Remote Sensing, 1997), pp. 25-58. No U-2 operations
were to be carried out after 1 May because the President
did not want anything to disrupt the Paris Summit sched-
uled to begin 16 May 1960.

3. For a discussion of the shoot-down and the after-
math of the U-2 downing, see Pedlow and Welzenbach,
pp. 177-187. The Soviets prepared an elaborate show trial
for Powers which began on 17 August 1960. The Soviets
sentenced him to 10 years in prison. On 10 February 1962,
the Soviet exchanged Powers for captured Soviet spy
Rudolf Abel.

4. Corona was to be a stop-gap effort until the much
larger and complex Air Force W117L Samos Satellite be-
came operational. See Hall, pp. 42-51; Haines, pp. 14-15;
and McDonald, pp. 61-74. At the same time, Eisenhower
approved plans for the CIA to develop a follow-on plane
for the U-2.

5. Richard M. Bissell, Jr., with Jonathan E. Lewis and
Frances T. Pudlo, Reflections of a Cold Warrior: From
Yalta to the Bay of Pigs, (New Haven: Yale University
Press, 1996) p. 137.

6. The Air Force had the task of developing a high-res-
olution “spotting” satellite.
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7. Inearly 1958 President Eisenhower set up a Satellite
Intelligence Requirements Committee (SIRC) within the
Intelligence Advisory Committee (IAC) to establish re-
quirements for satellite reconnaissance. In July 1960, the
United States Intelligence Board (USIB) (The IAC was
the predecessor body to the USIB.) merged the Ad Hoc
Requirements Committee (ARC), originally established by
Richard Bissell as an intragovernmental unit to oversee
the tasking requirements for the U-2, with SIRC to form
a new unit, the Committee on Overhead Reconnaissance
(COMOR). William M. Leary, ed., The Central Intelligence
Agency, History and Documents (Birmingham, Alabama:
University of Alabama Press, 1984).

8. Samos originally had two planned photographic
capabilities E-1 and E-2. These involved the on-orbit ex-
posure and processing of film, translation of that imagery
into an electrical signal by means of a flying-spot scanner,
and transmission of the signal to earth for recomposition
as a picture. E-3 was the designator for a system which
substituted photosensitive electrostatic tape for film; E-4
was used to identify a proposed mapping/geodetic pho-
tographic system; E-5 was a recoverable satellite with a
large recovery vehicle; and E-6 was a recoverable-film
search system with several times the capability of Corona.
E-1, E-2, and E-3 were readout systems, E-5 and E-6 were
film-recovery systems. Only E1, E-2, and E-6 ever flew.

9. Oxcart was the next generation of manned recon-
naissance aircraft. Although originally developed to over-
fly the Soviet Union, it never did. Improvements in Soviet
radar and the SAM missile made such overflights impos-
sible. The Air Force version of Oxcart was known as the
SR-71 or Blackbird.

10. Kevin C.Ruffner, ed., Corona: America's First Satellite
Program, (Washington, DC: CIA History Staff, 1995).

11. Kodak set up a special unit to deal with Gambit. Dr.
Frank Hicks directed the program at Kodak. He reported to
the director of Special Projects, Dr. Frederic C. E. Oder. The
Special Projects organization reported to Arthur Simmons,
director of research and engineering of the Apparatus and
Optical Division. The Gambit project received the highest
priority within Kodak because of its national priority. Earlier,
as an Air Force officer, Oder was the original WS-117L
project officer and was witting of the entire Corona effort.

12. Most of the Samos program's photo-oriented recon-
naissance had been canceled and the E-6 program was
experiencing grave technical problems—four failures in
four tries.

13. Greer’s instruction to King emphasized these goals:
1) stay within budget; 2) stay on schedule; and 3) obtain
one good picture.
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14. Because of rigid compartmentation of programs,
only Col Riepe in the Gambit program office had a working
knowledge of the Corona program. Lacking any indication
that unpressurized operation was possible, (The Corona
experience with unpressurized operation had been em-
ployed successfully for two years.) Gambit officials as-
sumed that the pressurization of the film cassette would
have to be continued in the new recovery capsule.

15. The CIA program Lanyard at this point had some
prospect of filling the proposed Gambit role.

16. Charyk resigned to become president of the newly
formed Communications Satellite (Comsat) Corporation.

17. Corona operation continued reasonably successfully
during the summer of 1965, only one major mission failure
in three flights, but Corona did not return the detail that in-
telligence analysts needed to interpret Soviet force status.

18. See later discussion of Gambit-3.

19. When first considered, Gambit-3 was informally re-
ferred to as Advanced Gambit, and G3, or G-Cubed. G-3
eventually became the accepted designator for the suc-
cessor program, although upon the completion of the origi-
nal Gambit program and the start of Gambit-3 operations
that suffix was dropped and it became simply the Gambit
program. For the sake of clarity, this study will continue to
distinguish between the two systems using Gambit-1 for
the first program and Gambit-3 for the follow-on.

20. The dominant cause for differences between targets
programmed and targets readout in the entire Gambit-3
program was cloud cover. The introduction of weather sat-
ellites helped, but the problem persisted as long as cloud
cover data was delayed.

21. The dominant cause for differences between targets
programmed and targets readout in the entire Gambit-3
program was cloud cover. The introduction of weather sat-
ellites helped, but the problem persisted as long as cloud
cover data was delayed.

22. The development of near-real time imagery systems
made the Gambit-3 film return system obsolete.

23. 0ne way of obtaining greater resolution is to use a
longer focal-length lens. The other is to improve “acuity”
of the existing system by enlarging and enhancing the im-
agery. In the beginning of the Corona program there were
finite limitations on the size of the lens because of the
weight restraints of the booster vehicle. The optimum focal
length was a 610 mm refracting lens. Throughout the 14-
year Corona program, the focal length of the system never
changed—it was 610 mm for the KH-1, KH-2, KH3, KH-

4, KH-4A, and KH-4B cameras. Any increase in the focal
length would have required a spacecraft with a larger di-
ameter and greater payload capacity. It would have meant
abandoning the heavy refracting-type lenses and develop-
ing reflecting-type systems that used mirrors and smaller
lens cells. Given the limitations of the launch vehicles, the
Corona team concentrated on improving the acuity of the
610 mm system.

24, McMillan was at odds with McCone and Wheelon
over a host of NRO/CIA issues. He wrote to Secretary
of Defense, Robert McNamara, on 12 December 1963,
that “the final price of peace with the CIA ‘considering the
temperament of its leaders’ was at least to give the CIA
carte blanche for development of a new search system.”
McMillan believed that unless something like this was
done, or the CIA management changed, there would be
continued obstruction to the NRO and its activity.

25. Wheelon estimated that a single Fulcrum launch
could return as much film as the Corona and Gambit pro-
grams and cost less.

26. The ExCom was made up of the DCI, John McCone,
the Secretary of Defense Robert McNamara, and the
President's Scientific Advisor.

27. The Panel consisted of Land, chairman, Dr. Sidney
Drell, Dr. Donald Ling, Dr. James Baker, Dr. Allen Puckett,
Dr. Edwin Purcell, and Dr. Joseph Shea.

28. CIA and Itek squabbled over the angle through which
the camera system would scan. The CIA demanded a
120-degree scan. ltek officials felt this angle was too large
and would seriously prejudice the Fulcrum design.

29. In fact, the Land Panel had made no recommenda-
tion on the new camera system by the time McCone re-
signed as DCI in April 1965. President Lyndon Johnson
replaced McCone with Vice Admiral William F. Raborn, Jr.

30. Wheelon recruited a new Fulcrum program chief and
John J. Crowley as Chief SPS. Crowley was, at the time,
heading the Corona project.

31. The ExCom consisted of DCI Raborn, Deputy
Secretary of Defense Vance and Presidential Scientific
Advisor, Dr. Donald Horning.

32. Total Perkin-Elmer employment in the Norwalk,
Connecticut, area was 2,800 (1,350 of these in the Optical
Group, of which 150 were involved with Hexagon).

33. The number of Corona vehicles was now severely
limited. There were only 11 left in the barn. They could only
be stretched out so far.



34. The CIA reported that even an Improved Corona
could never provide search resolutions much better than
4.5 ft. The Budget Bureau questioned whether a 1.5 ft dif-
ference in resolution could possibly be worth the major
cost it estimated it would take to complete the Hexagon
program. The decision was already made, however.

35. The Bureau of the Budget was simply dismayed at
the size of the satellite programs underway in the CIA, Air
Force, and NRO.

36. The high quality of Hexagon imagery is often over-
looked because the Gambit program, which produced
imagery of the very highest quality, overlapped Hexagon.
Nevertheless, Hexagon was capable of meeting most
Intelligence Community requirements.
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The United States’ call for imagery from space can be
traced back to efforts to identify technological means
for preserving the hard won peace achieved by winning
World War II. The forerunner to today’s Rand Corporation
produced the first study to identify how technology could
be leveraged to obtain images from space. For nearly a
decade, Rand continued to refine their analysis, leading
the US Air Force to begin a formal satellite reconnaissance
program in 1956 known as WS117L, and later as Sentry
and then Satellite and Missile Observation System
(Samos). Corona, Gambit, and Hexagon find their origins
in this program.

As important as technical innovation was to development
of space-based imagery, the purposes for the systems—
or requirements as they are often known—were as
important. The Air Force established requirements as
early as 1955 in the General Operational Requirements
for a Reconnaissance Satellite Weapon System. We have
included in this volume the 1958 version of the report
which provides the earliest requirements for imagery from
space. Some of those requirements include: warnings of
ballistic missile attacks, assessment of adversaries’ military
capabilities, support of US war plans, and identification
of adversaries’ intentions. The document also describes
desired technical requirements for such a system including
visual, electronic, infrared, and mapping capabilities.
These requirements would significantly influence both the
Gambit and Hexagon programs.

We included a 1958 Air Force memorandum outlining
the requirements for the Sentry—Ilater known as Samos—
photoreconnaissance satellite. In this memorandum, the
Air Force identifies specific kinds of strategic targets. The
memorandum also includes technical requirements for
gaining insight into the specified strategic targets.

By July 1960, the United States Intelligence Board (USIB),
chaired by the Director of Central Intelligence, Allen
Dulles, fully endorsed a photoreconnaissance satellite.
The USIB issued a report that uses the proposed Samos
program to explain how satellite reconnaissance will meet
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requirements to better understand long standing strategic
targets. The report emphasizes the unique contributions
that an imagery satellite can make to reveal insight into the
Soviet Union and other denied areas.

The Eisenhower Whitehouse played a very prominent
role in the development of photoreconnaissance satellites.
In August 1960, James Killian, Eisenhower’s Science and
Technology Advisor, issued a report that affirmed the need
for imagery satellites. The report supported developing
film return systems rather than film readout systems. Most
importantly for Gambit, the report affirmed the need for a
high resolution satellite in conjunction with Corona’s broad
area search capabilities.

By 1963 Corona had established a record of returning
wide-area imagery. Gambit was poised to offer high
resolution imagery. The defense and intelligence
communities explored the question of whether or not to
develop a new system to replace Corona—one with high
resolution, but wide-area capability. Edward Purcell led a
panel of experts to explore this question. Although they
concluded that pursuing a new system to replace Corona
was premature at the time, the CIA was not dissuaded
from developing the Fulcrum system that would eventually
become the Hexagon system. This early report lays out the
parameters of the debate that followed concerning wide-
area imagery capabilities.

The USIB tasked the Committee on Overhead
Reconnaissance (COMOR) to make a recommendation
on developing a new satellite system with Gambit-like
resolution and Corona-like coverage. The USIB reviewed
the COMOR’s recommendation in a 29 July 1964 meeting
based on an analysis of long-range requirements for
photoreconnaissance. We have included the COMOR’s
recommendations along with the decision memorandum
from the meeting. The USIB agreed with the COMOR
conclusion to continue the Gambit system improvements,
but also pursue CIA’s efforts in developing a new search
system. The USIB’s recommendations would serve as
a strong basis of support for what would become the
Hexagon program.
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DEPARTMENT OF TEE AIR PORCE
KEADGUARTERS UNITED STATES ATR FORCE

DIRECTORATE OF REQUIRRMENTS

LT

GoR NO., &0

DATE 15 March 1955

REVISED Sep 25, 1958

: =

5} GENEIRAL OPERATIUNAL REGUIREMENT
FOR -

A RECORNATSSANCE STELLITE WEAFPON SYSTEM

iz GOR supersedes GOR No. 80, dated 15 Msreh 1955, for
483 A Strategic Recomnsissance Satellite Wespom Systiem which should
be removed from the £ile and destroyed.

I. PURPOSE.

T™is General Cpereticoal Requirement is in support of the
Intelligence and Recomnsissance Development Planning hjective 1960«
1972, snd the Neticnzl Tntelligence Objectives of the United States.
It 1s desired that development action following this reguirement
result In e satellite weapon system capeble of providing reconnels~
sance of the earth. {5+

I. OPERATIONAL MISSIGHN.

A. The operational mission ¢f this wespon systex 1s to
provide esrial reconnaissapce world wide and/or of preselected aress
of the enrth Pfor:

iy

1. Ipstantanecus warning of ballistic misaile atteck.

2. Collection of intelligence date to satisfy national :
intzlligence objectives. s ’

2. Support of U.S. emergency war plens.
L. Ao sid in determining the intentions of & potentisl
enemy and the stetus of his wermaking capabilities.

B. Aerial recoonsisssnce will be performed by photogrephic,
Terret, fufrored, and other sensor systems as necesswry to collect
data oo intelligence oblectives whiech will be designated oo the hasisa
of priority requirements.

II%. ENEMY IFFECTIVENESS ESTIMATES.

. Enemy capebilities are contained in the "COR Intelligence
Aanex.” {1
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I¥. PRIENDLY ENVIROOMENT.
A. Censral
It ig desired that satellites be lounched from the
continentel limits af the United States sad monitored from ground
staticms 1in the Western Hemispbere. {53-

B. Ground Based Focilities

1. & satellite camputation and control center is
reguired.

2. Acquisition and tracking sites are reguired to
raceive collected date fram the satellite and to relay coemand
messages to the orbiting wehicle. The feellities will be dealgned
and located to receive the dets from satellltes with minimum delay
or degradation ond to minimize enemy interception of or interference
with the space to ground transmission.

3. A data processing subgsystem i3 required for effective
operationel control, snd for processing, screening, storing end
transmission to other asgencles viag the USAP Commmunicatioms Support
Syetem 456L {GOR 129) to the USAF Intelligence Dsts Hendling System
L4381 (GOR 149 and 149<1).

V. OFERATIONAL ERPIOYMENT.

A« BSatellites will be employed to acquire or confirm deata-
econcerning losetions, capabilities and vulpnersbility of manned and
unnmanned estrike forces, defense systems, technologicsl developments,

[ meteoralogy, topogrephy and geography. They will be employed singly

T SF iR pumbers Lo insure desired coverage of a selected ares in a
given period of time. The frequency or density of coversge required

T will be determined by correlastion of data scguired from & variety
of gensors. Separste or combined conflguratioss of the photographle,
electronic, infrared or other genpors will be employed to provide the |
degired coverage.

== #. These sensors will be employed to acquire brood coverage
withis which sressg or subjects of criticel interest will be identified.’
When s specific objective that merits scrutiny 1o identified, freguent,
or perhaps for brief pericds, continuous coverage on tie relstively
cenfined specific objeciive may be directed.

C. 8ach satellite may reguire the capability of in-flight
procepeing of the dato collected and transmissiom to the appropriate
ground receiving statioms. €53

VI. IIMITATTIONS OF PHESENT SYSTEMS.

Fresent recinnedssance systems sre limited we follows:

A. Inebility to provide comtinucus surveillance. £&84
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B. Vulnersbility to detection. 83—
¢. WVulnershility to countermessures, ~{0F
VII. CUFERATIONAL FERPORMANCE.

&, frfrape and Propulsicom Subsystems

1. The satelllte alrframe phould be designed to lnsure
campatibility with the load earrying capebility of ICEM boosters. {5+

2. 'The propulsicn system ﬂsualized will use the ICEM
boosters for the first stage propulsion, and a gecond stage engine to
furnish additionsl thrust to achieve arbltsl speeds. -£5%

B. Auxdiliery Power Subsystem

1. An suxilisxy power subsystem is reguired in the
gatellite to supply electrical power to the various airborne camponents
from just prior to leunch until the spd of the satellite's reconnaise
gence lifetime. These coponents must be compatible with avallable
ground power during warmeup, testing and check-out on the launch stand. {83}

¢. Guidance amnd Comntrol Subsystem

1.  This subsystem will be designed to provide guldance
and control necessary to place the satellite on the required orbit. £8)

2. A method of self-gtabillzation in attitude must be
provided when this vehicle is on orbit. {33

3. Appropriste items of ground support squipment
necegsary to service, test and calibrete the elements of this sub-~gystem
are required. 45+

. Cholce of Orbit and Inclinatim Angle

1. The altitude and inclindtion angle of the setellite
shold be selective, depending upon the intelligence reguirements of
the specific missian. ‘

¥. lsunch Facilities

1. The satellite launching €facility will mormally be 2
fixed, permanent iyse installation. {5+

2. Satellite lsunching facilities should utilize to the
paxium extent,- ground support equipments designed for current ballistic

misailes. 5>

¥. Cdommunications Network

1. A ground-spece comminications link 18 required to
transmit collected data from the orbiting satellite, and to tranmmit
commpand instructions frcm the acquisition and tracking etation to the
satellite.
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2. A point-to=point link 18 required to¢ reley date from
the acquisition end tracking station to the data processing center,
and to relay command instructions fram the control center to the -
ascquigition and tracking statica. N :

has ’

G. Deta Processing Pacilities

1. Development of & sultable dats handling subsystiem
is required by thie weapan system snd must be avalleble by the time
a potentlal exists for the actusl collection of intelligence infor-
mation.

2. In arder to facilitate disseminstion of the processed
intelligence information from the intelligence center to other using
agencies, the dats handling subsystem developed for this weapon Bystem
should be as compatible as possihle with system 54385 - Intelligence
Pats Handling Systenm; '

" H. Self-Destructiom

‘Provigions for self-destruction, tu the extent that
the satellite 18 removed from orbit, will be imcorporated into easch
satellite. Inctrporation of this feature should not delay sttelument
of an early operatiamal capability.

I. PRevonpalgsance Sensing Systems Reguirements

The reconnaissance sub-gystems performsnce reguirements
are detailed 1p addende to this General (perastional Requirsment
according to the followlag numbering system.

g, -Visual - GOR XD, el
3. Eleetromic - GOR NG, B0-2;
Coewe. Infrared . - GOB HO. D03

~d:-Mapping & Charting - GOR NO. 80-% {6}

VITI. GENERAL CONSTDERATIONS.

L. Development of this system will be o an expedited basis
to provide an operational capability at the earliest possible date. {83}

2. Comsiderstion should be given to the use of & recoverable
satellite in order ito achieve maximum accurscy, informetion comtent,
relisbility of receipt of collected duts, and reuse where ecomomically
feagihle.




3. (ongiderstion should be given to the security sgainst
enemy interrogatiom of the wbiting sotellite and the survivabilivy
of long life satellites. ’

IX. AVATLABILITY.

The emrllest versiong of this gystem should be svailable by
mid 1960 ancé a M) operaticnel capability must be svailable by 1965.

JAMES FERGUSON

MoJor GQenerel, USAF
Director of Requiresments
3, Development
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The Honorabls Thomas §. Gates
The Secretary of Defense ’
Departoment of Defense
Washington, D. C.

Dear Mr, Secretary:
The United States Intelligence Board has considered two major

areas relating to the development and employment of the SAMOS ;recon«

‘naissance gystern, The firdt of these areas is the consolidation of the

general intelligence requirements of the varicus departments, services

and agencies of the United States to serve as the overall bagis for the

' SAMQS,ayst&m developgment. The second of these areas is to establish

griorizi.es for the system developers and for the employment of the
SAMIOS system in the development stage during the 1961-19262 time
period. These requirements angd priorities are set forth in the attached
paper ex;tii:le&: Yintelligence quuii'emexits for Satellite Reconnaissance
Bystems of which SAMOS is an Example®.

’fhe fulfillment of these requirements 29 expressed is coneidered
critical to the security of the United States, this is also evidenced by
the naﬁcnal pricrity established for SAMOS. '

Sincerely,

Allen W. Dulles
Chairman

e S
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INTELLIGENCE REQUIREMENTS FOR SATELLITE RECONNAISSANCE

SYSTEMS OF. WHICH SAMOS IS AN EXAMPLE

1. The United States has, and will continue to have for the foreseeable

future, a high priority requi.rexﬁenﬁ for phoiographic and electronic
recannaissance of the Soviet Union and other denied areas. In theory,
it is feasible to conduct & large amount of this reconnaissance in a
number of different ways, but this feasibility will be affected from time

to time by technical and political considerations that might make it

Previcus reference

difficulf or impossible to use éu i the theoretically feasible means.
Although a satellite reconnaissance systermn has not yet been operationally
demonstrated and is not lkely in the near term to produce the quality of
information that can be obtained by other systems, on balance, it should
be able to perform a number of reconnaissance tasks better than other
systems and should be able to produce useful information on the great
majority of intelligence questions against which reconnaissance systems
mipght he employed, A satellite reconnaissance system might also be less
affected by some of the political considerations affecting other reconnais-
sance systems, The U. §, Intelligence Board considers it essential,

therefore, that the United States develop and maintain an gperational

0. R, 90
Ops Regquirement

lre

satellite reconnaissance system with a wide range of capaﬁilities.

4

Z. The intelligence situation facing the United States will continue to

be highly dynamic, influenced both by changes in Soviet capabilities and

S E-C R
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letter 10 Rov 58

Tab B, par 1 and 5

{FINAL - USIB APPROVED
5 July 1660
our own inteiligence assets, making it impossible to specify at any one

time the precise nature of the satellite reconnaissance system that will
be required in the distant future. As stated in paragraph 1 above, how-
ever, we are sure that there will exist an urgent requirement for a
satellite Yeconnaissance éystém throughout the foresecable futurse,

3.7 The photographic systermn must be capabie of obtaining coverage of
denied areas at object resolutions of approximately 20 feet, 5 feet, and
ultimately 1 fouot on a side., However, the 100 feet on a side programmed
for R&D design objectives will be utilized and exploited for intelligence
;a;zrpoﬁeé to the maximum extent possible. {See Annex "A" ior examples
of obhjects that can be identified at these resc;lutiong.} The systerm must
provide for repeat coverage of targets at these variousrr'e_solutions,
depending mﬁ the nature of the target .and the intelligence problem in-
volved. The periodicity of this repeat co?erage will also depend on the
‘nature o the target and the intelligence situation, as well as on other
spurces that can be brought to bear on it. The anticipated {requency
can be predicted more precisely as the intelligence situation develops.
., It is essential that the U. S. have access to information derived
from electironic emissions ingide of denied areas that, in the present
state of the art, can bé collected only by electronic reconnaissance over
those denied areas. A satellite electronic reconnaissance vehicle ie
likely to be of great value in this reconnaissance. It is essential that
such an electronic reconnaissance vehicle have a wide range of ca;pa-

bilities in order that it may fulfill the requirements expressed in the

P -
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‘National ELINT Requirements List that are appropriate to collection by

a satellite, The characterigtics required of these vehicles are described

in Annex "BY, Unfortunately, however, in the present state of the art
elegctronic art, these capabilities are likely to be obtained only after a
considerable R&D effort. We feel that the information derived from
photographic reconnaissance is now, and is likely to be, of greater

value and priority than that obtained by any foresseable electronic recon~

naissance system, Even in these circumstances, however, we feel that

Photo over Perret

. the information likely to be obtained by electronic reconnaissance would
be of such value that the R& D effort to achieve this capability should be
carried forward with the highest priority short of interfering with the
photographic tasks outlined elsewhere in this 'péper. In the absence of
a fully developed electronic reconnais‘sance system, and in view of the
uncertainties as to what can be collected with interim systems, we are
reluctant to specify detailed requirements for the short terms that might
cause serious disruptions in the R&D effort leading toward the fully
developed system. There are important problems, however, tow.a;d
which electronic reconnaissance could contribute critical information
during the R&D phase without sericus disruption to that effort. ©One of
the most important of these is the search for emissions associated with

an Anti-Ballistic Missile system. These problems are outlined in greater

[
-

Seqreh Tor missile emissions

detail .in Appendix I toc Annex "B", It is probable that {rom time to time

the intelligence situation will require that additional tasks be levied on
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the satellite electronic reconnaissance system during the R&D phase,

These will be communicated to the proper authorities as they a.rise‘:‘_é

%, In order for the sysiem to move in a realistic direction and provide

the maximum amount of intelligence to the country, it is essential that

the R&D phase of the system be guiciec’i by and devoted to the intelligence

tasks outlined below and to such additional high priority intelligence tasks

as may arise from time to time, The intelligence community will review

Letter from ARPD to BMD

3 Dec 38

these requirements at frequent intervals as the intelligence situation
develops in order that new tasks may be identified and brought to the
attention of the R&D authorities at the earliest possible time,

6. At the present time, the U. S, intelligence community maintains a
MNational Priority Reconnaissance Requirements List which identifies
those specific targets in the Soviet Union against which photographic

reconnaissance should be employed. This list is concerned with Sovist
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offenisive capabilities including installations associated with the Soviet
Long Range Bomber proéram, the Soviet Guided Missile program, the
Soviet Navy especialiy with regard to nuclear-propelied and guided
missile configured vessels and Soviet Tank, Motorized and Artillery
Forces, Other targeis on the list are concerned with the capabilities
and strategic positioning of Soviet military forces, Soviet capabilities
for defense against air and missile attack, and the Soviet power base
in the form of atomic energy installations and industrial complexes,
The National Priority Reconnaissance Requirements List is broken

down into various categories of priority interest.
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At the present time, approximately 35 objectives are considered to be of
the highlest priority interest, Approximately 500 objectives are of high
priority interest and approximately 3,000 additional objectives are of
pri‘ority interest. In addition to these séeciﬁc obje;tiv-es, information i.s
required on aﬁreas that have been inac}‘:gssible to other collection systems.

It i anticipated that reconnaissance of these areas may reveal the

letter 10 Kov 58
Tab B, Par ls

existence of important installations previcusly unknown.
7. 'The speciiic composition of the Natioﬁal Priority Reconnaissance
Reguirements List %’ill change from time.to time as new information is
acquired from &1l sources and as the important intelligence problems
facing the United States change. It is anticipated, however, that at any . .. .
given tirne within the foresesable future, our reéuirements for photo-
graphic reconnaissance will approximate the present 1i;st in size and
variety, Complete and simultaneous coverage of the Soviet Union would
not telimi;xate:.such a 1i§t, even if it were possible to achieve, bscause the

- elements vsi’ power in the Soviet Union are dynamic and new developments

and additions are occurring constantly., Repeat coverage of many of the

r 28

Tetter & Dec 58

target areas in the Scviet Union will remain a requirement, therefore,

Py
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although the number and periodicity of this repeat coverage will vary,

depending on the nature of the target and the intelligence situation existing

at the time, From an ideal point 6f intelligence utility, many of the high
pripwiiy and highest priority targets should be covered at intervals on

the order of 1 to & months, but the reconnaissance system should have

Letter 10 Nov 58
Tab B, Tar 5 & 6
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sufficient flexibility to permit the coverage to be timed to meet the needs
of the specific intelligence situation as it develops,

8. The information obtained by the satellite reconnaissance system would

be of maximurm use in providing strategic intelligence information. In

“
P e

addition to thiz primary mission, it should provide important by-products
in the form of information bearing on indicatian;; of Seviet intentions,

9, At the present time, the U. S. Intelligence Board is faced with
several outstanding problems which should be considered on a priority
basis for system development and employment of the photographic satellite
vehicles during -the 1961-1962 time period as follows:

&, Our first and most urgent priority reguirement is for a photo-

graphic reconnaissance system capable of locating suspect ICEBM launch

sites. It is estimated that many sites for the launching of operational
Seviet ILBM's will be compléted between now and the end of 1962, It is
our strong belief that our best and possibly our only chance to detect these
sites wiil be during the construction phase; once these sites are completed,
we will have considerably less opportunity to detect them, It is important
therefore, that 8 maximun effort be made to find the Soviet operational
ICBM launch sites before the end of 1962, Once any ICBM site is‘
located, a satellite reconnaissance sysiem w:ztn adequate ground resolution
should be able to maintain surveillance and' réport changes in its statas,
but if these sites are not located before the end of the construction phase
almost any reconnaissance system would be of consgiderably less value

- b -
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agzﬁnst such a target. We believe that if we are to find the Soviet oper-
ational ICBM launch sites, our highest priority effort should be directed
to o general search of a substantizal portion of that part of the USSR covered
by the rail net. Photographic resalution to accomplish this search mission
would need t8 approach 20 feet on 2 side, Repetition of this general search

at the rate of approximately once each month initially would give us a

relatively high degree of assurance of providing the information required.

Letter 10 Nov 58 Par &

G.0.R. 80 Par V B
G.0.R. 80-1 Par 2n

Read-out of the photography on this frequency would establish trends and
priorities for the programming of subsequent search missions., It is
expected that the photography will also be used to supplement that abiained
by other means for the improvement of mapping and more precise iocation

of targets in the Soviet Union in response to the Emergency War Plans

of the Armed Services,
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b, If suspicicus locations are identified which raight be possible
ICBHM launch sites, these locations wiil be added to the highest priority
category of the National Priority Reconnaissance Requirements List.

Our second priority requirement, therefore, is for photographic coverage
of the highest priority target category in the USSR, with & photographic

system of sufficient resolution to supply us with descriptive information

Tetter 10 Nov 58

par 7

on those targets. Ii is believed that resolution approaching 5 feet on a
pide is necessary for this requirement. There should be a capability to
lauwnch and/or control these missions on-call at short notice to meet the

needs of the intelligence situation as it develops.

-T o
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¢. ©Our third priority requirement is for a photographic system of

= ECR-ET

sufficient resolution to supply us with the technical characteristice of the
highest priority targets before the end of 1962, This will require 2

resolution of better than 5 feet on a side,

Letter 10 Nov 58

Par T

d. If technological development barriers preclude the design objectives
for reselutions described above, the USIB will Jesignate resoplutions

which are acceptable from an intelligence siandpoint,

2 Atchs
1. Photo {Annex "A™) .

/2. ELINT/COMINT {Annex "B")|
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Annex PAY

EXAMPLES OF I_N'I‘ELLIGENCE TARGETS THAT MIGHT BE IDENTIFIED

AT VARIOUS RESOLUTIONS

i, T?;e follpwing c-:ategories, although not intended o be definitive or
cemprehena:‘iv‘e, are presented for ;ge purpose of giving some idea of
object size in the intelligence spectrum which mi!ghi‘ be identified atﬂth.e
Limiting r6501utionjs indicated, This evaluation is considered valid
provided the targets are not cen;ealed by deception or camouilage.

a, Photography w;vith a ground resolution of objects 100 feet on a
side shquld provide information for identification and location of cities,
forests, large bodies of water, changes in rail alignments and trans-
pbrtation patterns, industrial complexes, CBR and nuclear R&D test
facilities, major military complexes, possibly including large mi;sile
sgites or related electronic facilities and patterns, air basesg and large
MNaval and port facilities, Indications of industrial growth should be -
detected, Large ships (300 feet in length or more} should be detected |
at anchor or at sea and naval formations at sea identified. The extent
of complexes, installations and sea formations should be approximately
measured and some locational and topograghic information should be
available.

b. Photugraphy with 2 ground resolution of objects 20 feet on a
side should provide all the information avail_able from that with a ground

resolution of 100 feet on a side, plus intelligence information concerning

DS 60-4718 C!
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components of installations or complexes. Some air base runways, sub-
marine bases, drydocks, piers and supporting facilities, ground forces

barracks areas, eguipment parks, and training centers, major or isplated

surface-to-air missile sites, atomic energy installations, ballistic missile

o
P2y AN

gites, and industrial installations should be de}ected, located, identified
by type and approximately measured. Large vessels incloding surfaced
submarines, large aircraft and missile launch pads, should be counted,
Military support facilities should be identified by type. The identification
angd disposition of major Soviet naval fo rcés 5ﬁould be determined.

c. | Photography with a ground resolution of ohjects 10 feet on a
side should provide a capability to identify large aircraft and known

missile carrying submarine and ship types, determine base utilization,

locate special weapons and CBR facilities, limited map and chart

revision could be accomplished, and analyze base support facilities,
A gengrai functional analysis of industrial, military and tranaporta{ticn
faciiities should be cox;ipleted. Above ground ICBM and IRBM facilit'ies
guch as launch pads, stands and some support equipment should be
accurately ﬁaeasured. The capacity of military storage facilities, the
general.level of military activity, military transportation capabilities
and indications of security should be determined, Nawval ships and
units should be identified by type.

4. Photography with a ground resolution of objects 5 feet on a

side should provide relatively detailed intelligence information concerning
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most military and industrial installations. All aircraft, except model
improvernents, ground forces disposition and equipment to include tanks
and artillery, some large missiles, early warning sites, AAL sites,

atomic energy materials production, except weapons, structural

% .

shipboard configurations for missile handling, and special weapons

storage, loading and handling should be identified, measured and
analyzed, A level of military activity and type of training should be
digscernible. |

€. Photography with a ground resclution of objects 1 foot on a
side should provide detailed technical intelligence concerning air,

naval or ground force eguipment and industrial production processes,
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KEQﬁIREMENTS ¥FOR ELINT/COMINT CAPABILITY

1. GENERAL

a. The ELH\IT]COMH\TT reconnaisgance system must provide the

.

ability to intercept electromagnetic emissions from the Sino-Soviet Blog,

1

to return the intercepted information in 2 secure manner to appropriate

lpcations, and to record against an accurate time base this information

stter 10 Nov 58 Tab A 1 a

G.0.R, 802 Par 1 a

in a2 form suitable for other processing.

b, Development of electronic reconnaissance satellites will
involve maxim;um equipment progression, utilizing state-of-the-art
egquipment without inhibitions of past techniq\‘zés and custorn in inter-
cept, recérding and processing, The most advanced eguipment possible
must be employved as early in the program &g is pérmissib}e within oper~

ational considerations and equipment availability, No individual vehicle
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will necesdarily have all of the characteristics and capabilities required
for the sub-syatex;a as a whole,

‘c. As SAMOS reaches the operational stage, intelligence infor~
mation received from the praject or otiier sources may indicate the
need for additional types of directed intercept systems capable of
receiving, recognizing and recording specific types of signals. As
rmore is learned of the technical capabilities of the system, ﬁperational

, requirements will be revised. Provisions should be made to procure

DS 60=~4718 Dl
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such equipment as might be required by Quick Reaction Capabilities. A
close working relationship between the R&D organization and the intel-

ligence community is required.

d., The ELINT targets for the system will be drawn from the National

ELINT Reqt;;rements Liét and the CEL’I]NT targets from the National
C'OMINT Reguirements List, It is not inten‘ded* that colleétion by
satellites will replace other means of ELINT/COMINT collection, It is
. important that '_the effort be ccncentxatéd on vbtaining sign-a.ls‘ inaccessible
b‘y other means of collection. .

e. Facilities should ”bé provided to allow programming of the
collection systems from the ground for specific targets, by changing
;he system directivity, radio frequency and bandwidth vs time,

f. The read‘-eut and data processing capability for intercepted
signals must be as effective as the capability for _collecticn'so ag to
pi'_qv'icte a means ‘of rapid processing and dissemination of the products
to pr&du&:ﬁera and users, Every effcrt should be made to insure that
any mdhineéble output of the system be in a2 form compatible with the
input capabilities of the users.

‘g» The objective is to have an operational system &s soon as
péssiﬁle. I—idwever, during the R&D phase, flights are required for
' 'R&D. purvpmses, during which time it is recognized that intelligéncc

priorities may be of a secondary consideration,
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z2. OPERATIONAL CHARACTERISTICS: The following characteristics

represent the ultimate in the mystem. Appendix YI" to this Annex which
shows the specific requirements for select‘ed‘priorit.y targets demonstrates

that not all of the operational characteristics given below are needed for

a
15

each requirement.

can

3

a. The system should provi;:le receiving and recording equipment |
capé;b'le of intercepting land based, sh.ipborne. and airbox;ne electronic
emisgions between 16 mcs and 50 kmce and at lower and higher
frequencies, if propagation will' permit. Equipments covering specific
bagda within this range should be in easily substituted modular form.

b. The receiving and recording equipment shéul& be of high
sen'sitivity, low noise, higl; fidelity and most modern design in keeping
with the latest developx;'xents within the state-cf~the-art,

c. Receivers covering specific RF bands should be capable of
receiving, recognizing, and providing outputs for the recerci'ing qf all'
known types of mbdulation within their specified bands.

d.

The systermn should be capable of recognizing and recording

new and unusual signals. The original modulation of intercepted signals

i should be pressrved to the greatest degree possible.

e. The system should indorporate a direction finding capability

that will permit location of electronic ermitters within a five mile CEP;
however, achieving this capability should not preclude attaining a high

order technical collection éapability within the system.

.3 -
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f, If feasible, receiver outputs are required_t:hat will allow detér-
mination of scan rate and polarization of interéépted signals,

g- The Vsya‘tem should be capable of storing and discriminating
§bétwéeh intefﬁepted data i;-dm severa-l'.or'b‘i.ts,' at least until readout has

% o

been accomplished,

8.0,R. 80«2 Par lc-0

h. The systern should also‘provide calibration data to the ground-
'spac'e communications and to the data processing sub-systems adequate

for the production of the most reliable intelligence information.

3. GENERAL TECHNICAL CHARACTERISTICS:

a, The receiver dynamic range requirements should be maximized
to praserve pulse amplitude rodufstions that ocsur in tefemetry, missile
o i '

guidance, ote,
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b, R&cﬁvai sensitivities ghould be & maximum consistent with
=§the1‘:"cep¢ requirement. R¥ accuracy should bc; the best attainable.
c. Rapid aut;matic apéc;t:um coverage is required mth a high
Prnbabmty of intercept.
| 4, Image and spurious response¢ interference should be a minimum.
e, The ‘systm. should be capable of determining the synchroniza-
: 'ti@ of several different signals aimultansously. l

4 iSPECIFfC ELINT COLLECTION: The foregoing characteristics

répresent the ultimate in the systern as we now see it., Specific require~

ments will change during the development phase and will be subject to

- -

Letter 10 Nov 58 Par k a. & s.

SE-CRET




ietter 10 Hov 58 Par 5

_ USIB~-D-33.6/8
{(FINAL-USIE APPROVED)
5 July 1960

continuing revision by the Intelligence Comrnunity in accordance with the
priorities established by the National ELINT Regquirements List. Examples
of targets of current importance and considered to be obtainable by the system
are listedlin Appendix 'I", Section A. The technical pargmeters desired and
the accuracids needed ave added. Section B lists examples of specific

targets which will become progressively attainable with development of

the system. These will be moved to Section A when appro;ﬁria’te.

5. COMINT COLLECTION:

a., COMINT requiréments for SAMOS are of lower priority than

the ELINT reguiréements. Development of COMINT collection devices

- will be dependent upon empirical data acquired by the ELINT system.

b. The {requency spectrum of interest ranges from below ten
megacycles per second to ten thousand megacycles per second.
c. The estimated radiated power of the trangmitters to be inter-

cepted is tabulated below:

FREQUENCY MINIMUM POWER SIGNAL BANDWIDTH

HEF 1.0 watts 1 k¢ min to 10 ke max
vEF ‘ 10 watts 5 kc min to 100 ke max
UHF 3 watts 30 ke min to 1 megacycle
d. The recorder will provide for storage of video signals and will
have a bandwidth capability of one megacycle,
[ The minimum sub-system (antenna, receiver, recording and
playback) signal 1o noise ratio should be of the order of ten decibels,

1 Atch
Appendix I
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SPEUIFIC ELINT REQUIREMENTS FOR SAMOS

= 7

SECTION A

TYPE g FREQ. DESIRED ACCURACIES

AEM Radar 130 - 225 mc RF 1% -~ PRF 1% - PW 5% and
' ’ 375 - 425 me scan rate 5%
800 - 900 mc 7
1200~ 1300 mc DF 25 nm CEP

Migsile 60 -~ 80 mc Analog Recording ! mec
Telemetry {against VITMTIR) DF 25 nm CEP

Earth to Satellite TX :
and Command TX R¥ 1% - PRF 5% - scan rate 5%
. DF 25 nm CEP

Letter 10 Nov 58 Par 4

SECTION B

GGI Radar 575 mc See SPECOR or superseding
o }200 mc . document.,

HF Radar 2640 mc
EW Radar o 55 mc
GCA Radar | | 9400 mec
S5HORAN 350 mc
Shell Tracker - 9450 mc
Tactical AAA ' ) - 2800 mc
Tactical Acquisition 2800 mc

Beacon Interrogaltor
and Tracking Radars ' 2800 mec

SAI‘;/I Radars ' 3100 me

AAA ' 2800 mc

BAM ) 3100 mc
| ALA Acq, | . 160 mc

Eq operating outside 2500 me
normal freq bands_ 9000 mc

up
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERSE UNITED STATES AR FORCE
WASHINGTOM 25, LLC.

AFCIN-P2

Intelligence Reguirements for SAMOS

Undersecretary of the Air Force

1. The fBllowing is submitted in response to your question
about the difference betwesn the statement of intelligence
requirements for satellite reconnaissadce by the UBIB,

5 July 1960, and previous statements on which SAMOS develop-
ment was based.

2. There is no change in the intelligence reguirement.
However, the § July statement is complete; the previous
statements dated 10 November and 8 December 1958 were supple-
nents to GOR 80. The main editorial changes pertain tc the
operational employment of the system. This is evident by
comparing the USIB statement, 5 July 1960, paragraphs 3, 7
and 9% {Atch 1) with GOR 80, page 2, paragraph 5 {(&tch 2},
letter, 10 November 18538, Tab B, page 3, paragraphs 5 and &
{Atch 3), and letter, £ December 1958, paragraph 2a {Aich 4).

3. Por your convenience a copy of the USIB statement with
the references for comparison typed in the margin is attached.

FANES H‘{ WALSH 4 aAtchs
JMa General, UBAF a/s
{AC??Intelligence

e
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OFFICE OF THE SPECTAL ASSISTANT TO THE
PRESIDENT FOR SCIENCE & TECHNOLOGY

REPORT OF A SPECIAL PANEL ON
SATELLITE RECONNAISSANCE

August 25, 1960

The concept of an artificial sarellite orbiting arvound the
earth hasg been associated, from the ocutset, with rhe thought
that such a vehicle could be used to maintain a continuous recon~
naissance and surveillance over any desired part of the globe.
The original plan was to install a kind of television camera
in the satellite and to transmit its images by radio techniques
to a ground station where the signals would be reassembled into
a photograph. With such equipment, a systematic search was to
be made of the Furasian land mass for airfields and other
military installations large enough to be detected with the
limited resolving power of such a system. By repeated observa~
tions it was hoped that changes would be detected with sufficient
reliability to provide warning of imminent attack.

The appeal of this fundamentally straightforward approach
lies in its relative political unobtrusiveness; in the apparent
power of television techniques for making observations almost
instantly available; in the prolonged utilization of satellites
in their orbitsg; and in the freedom from the logistic intricacies
of recovery techniques. At first sight, this "electronic readout”
appears to be the fully modern approach to reconmaissance. It
has deserved, and indeed has had the most careful study., A4s a
result, we have now arrived at a clear understanding of the
technological problems which remain to be solved. The initial
SAMOS development project was aimed ar the electronic solution
of these problems; we shall shortly discuss the difficulties.

Several years ago, it was realized that orbiting satellites
might be used for the detection of ballistic missile attack in a
much simpler and more direct method than television or photographic
observation, While the hostile migsile is being launched, its

—LOP-SECREE KeTS=10743
Copy

74



75

CRITICAL TO US SECURITY: THE GAMBIT AND HEXAGON SATELLITE RECONNAISSANCE SYSTEMS COMPENDIUM

engine is a very powerful source of infrared radiation, and
this radiation can be detected, above the atmosphere, from
satellites many hundred miles away. The exploitation of this
early-warning scheme is going forward as Project MIDAS; it has
been separated from the recomnaissance project (SAMOS) and will
not be discussed further in this paper. As a consequence of
this separate development, the warning function is no longer

a primary requirement for SAMOS.

Meanwhile, a much more urgent recounaissance need has been
pointed out by the U, 8. Intelligence Board., The overxiding
intelligence requirement at the present time is information
on the operational status of Soviet missile launch sites.

This requires photographs of very high resolution-~high enough
to enable a skilled photo-interpreter to recognize and identify
the objects of intevest in a missile launch site,

The exact resolution performance required for this purpose
need not be discussed here. Its technical specification is
complicated and often controversial. One must realize, for ex-
ample, that a system which will resolve 20 feet on the ground
will not permit a photo-interpreter to describe an object 20
feet in length.

Up to now, there has been only one source for high-
resolurion photographs of the Soviet missile installations, and
that source has been eliminated with the grounding of the U-2
aiveraft. Can we substitute a satellite as the observing
vehicle and obtain comparable results? More specifically, can
we look to SAMOS to yield results of the necessary quality
within a short time?

Unfortunately, ag far as electronic readout is concerned,
the answer is NO,

The essence of the problem is that a photograph which con-~
taing the amount of detadil that is required to know the state
of readiness and kind of activity at a missile site must be
wmade up of a fantastically lavge number of bits of information--
a number so large that there is not time enough to tramsmit all
of these bits of information from satellites to earth while the
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satellite is over cur own or friendly territory. It is to be
expected during the next ten yvears that the elaboration of
satellite technology, the ease of keeping many satellites in
orbit, and improvements in our electronic arts, will ultimately
make it feasible electrically to transmit detailed information
about a given point on the earth. But what we must emphasize
here today is that it is not feasible now, and it is not likely
to be feagible in time to give our country the kind of recon-
naissance it needs at once. Therefore, while we recommend
continued research on those electronic readout programs, and
the occasional orbital flights which are now planned, we must warn
that we cannot rely on the electronic readout approach for
military purposes and urge that higher operational priority be
given to other Air Force develeopments which we are about to
discuss,

Physical recovery, in the air or in the sea, of a satellirte
that has completed a number of revolutions in orbit has become
feasible. The improvement of recovery techniques is going
forward in the DISCOVERER project. One can therefore consider
the pogsibility of using advanced photographic techniques which
are capable of very high resolution, and of recovering the
exposed photographic £ilm on or near the surface of the earth.
The subsequent processing and evaluation of the film can then
be performed tnder the same favorable conditions that are used
in the best aerial photography.

While this approach may superficially appear clumsy and
pedestrian when compared with electronic readout, a detailed
analysis will show its performance to be distinetly superiox
in providing the kind of detailed information that is required
for the study of operational missile sites. 1In fact, we are
convinced that this primary objective of gatellite reconnaissance
can be realized wost promptly and most effectively by the
physical recovery of film exposed in a high-resolution con-
vergent stereo camera system. The principles and techniques
~of this kind of photography are now well understood. Therefore,
if timely action is taken, we can expect to have an adequate
photographic pavlicad by the time we have mastered the rechniques
for recovery. '
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Time is short. We should acquire informat ion on Soviet
missile launch sites while they are under counstruction, in
order to counter the deception and concealment that can be used
in a completed site. Tt will take a year and a half at best to
£fill the present gap in our reconnaissance ability. And we can
expect useful performance in 1962 only if we clearly establish
high resolution photography as the first geal of the U, 8.
satellite reconnaissance program.

We arve not ummindful of other objectives associated with
SAMOS, Photographic surveys of broad avreas, in which extensive
coverage is obtained at the expense of reduced resolving power,
have important useg., The detection and recording of electro-
magnetic transmissions by means of the proposed "FY payloads
will provide valuable informari on, especially in areas of technical
intelligence, of new aspects in communication links, in missile
defense systems, in navigational aids.

But we do not consider these objectives cowmparable in
importance to the task of getting, at the earliest possible
date, high-resolution photographs that will provide information
about the operational status of missile sites, with detail
nearly as good as that from the U-2. We therefore recommend a
carefully planned program, with simplified management, amd with
primary emphasis on:

(a) High-resolution sterec photography
()  Recovery techniques

Mindful of the urgency of this need for detailed photography,
the Air Force has greatly modified the initial SAMOZ development
plan. A number of well conceived photographic recovery systems
are now under study and evaluation, These designs fall into
two distinet categories:

1. A system to achieve maximum coverage with ground
resolution adequate to identify missile sites under construc-
tion, and

2. A system capable of photographing a large number
of selected installations with rhe higher resolution required
for evaluation of the operational status of a missile site.
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We are convinced that with straightforward good management in
the utilization of components and technology now potentially
avallable, the first of these systems could be placed in
cperation by late 1962; the higher resolution system becoming
operational about one year later. We therefore urge a resolute
concentration of effort on these two systems and a clear
decision to asgsign to this task a higher priority than to all
other aspects together of the SAMOS program.

Since we must now rely upon the physical retrieval of
gatellite photographs it is necessary that increased efforts
be made to improve the reliability of recovery techniques.
Recent achievements in the DISCOVERER program are most encouvrage
ing. An alternative procedure, unproven operationally, but
most appealing in concept, involves the use of a drag brake
mechanism to effect reentry. The applicability of this tech-
nique to the SAMOS recovery operation should receive seriocus
considevation,

Until recently, the operational aspects of recovery have
been greatly complicated by the obvious requirement for safety
to restrict these activities to the ocean areas. As a result
of our increased confidence in the precision of the recovery
operation, the Air Force is now studying the feasibility of
effecting recovery over land. Since this would significantly
increase the probability of success of the recovery operation,
we heartily recommend the support of AirForce efforts in this
area,

PROCESSINC AND EVATLUATION

~

The reconnaissance "take" of the proposed systems is
recovered as a set of latent images on photographic £ilm. The
intelldigence yield that will be extracted from these latent
images is critically dependent on quality factors in the
chemical processing of the film and in the subsequent analysis and
interpretation of the finished photographs. We camot emphasize
too strongly that much of the detailed information captured in
the latent image can be irretrievably lost unless first-rate
work 18 done in the processing laboratory and in the interpretation
center.
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In the purely technical domain, we must point out that
the achievement of optimum image-quality calls for the closest
possible interaction between individuals concerned with emulsion
design and manufscture and individuals concerned with processing
techniques. If these two activities were to be organized as
separate and independent enterprises it is most unlikely, in
our view, that the resultz would be the best obtainablie.

A Tull awarenegs of these factors led to the gpecial
organization of processing and evaluation that was used in the
handling of the U~2 films. Our experience with the superior
results obtained under that arrangement leads us to recommend
firmly that the same pattern bBe followed in preparing the ourput
of the proposed sarellite reconnaissance systems. We furtherx
recomuend that this output be distributed by a centralized
community laboratory.

WEATHER

In aerial photo-reconnaissgance operations, the state of
the weather over the target has long been a primary consideration.
For satellite recounaisgsance operations, the sensitivity to
weather 1s in some respects even worse. 1f the target is
ohgcured by clouds on the first pass, the satellite may have
later opportunities to observe the target. But the times of
subsequent passes over the target are fixed by the orbit
parameters, and the situation is less flexible than the scheduling
of aircraft. Moreover, the weather over the great majority of
Soviet targets is very bdad indeed, and the opportunities for
good photography are scarce.

The program outlined in this discussion can succeed only
if it is closely integrated with the weather services that will
be associated with the TIROS project, with the Air Force's '
433-1. system, and with other sources of weather data that may
come into existence. Because of the short reasction intervals that
are necessary here, these arrangements will be difficulr to
establish, and we recommend early attention to planning.




RECOMMENDATIONS

Our analysis of the investigations already carried out by
the Air Force leads us to the ceonclusion that from the arrvay
of important studies a few can now be extracted and integrated
into a single simple and powerful program to give us the
reconnaissance we need. Therefore, our recommendation is that
the following selected components of the AirForce satellite
reconnaisgance program be now assembled into a program of very
high priority.

1, A recoverable satellite-payload for high
resclution convergent stereo photography.

To be recovered for the time being at sea.
To be recovered as soon as feasible on land.

To carry in some of the satellites camera and
f1ilm competent to identify with certainty
missile sites both in construction and after
completion.

To carry in other satellites camera and film
competent to study the state of readiness, type
of activity, and type of missiles.

We recommend emphasis on the development of more advanced
recovery techniques, particularly for land recovery.

We recommend that electronic readout rechniques be given
lower priority but be continued as a research project and that
the extensive program for a ground-based electronic readout
system be cut back very substantially and promptly.

Also, the so-called "F'" payloads for gathering electro-
magnetic intelligence should be given lower priority than that
assigned to photography.

We further recommend that this program be managed with the
directness that the Air Force has used on occasion, with great
success, for projects of overriding priocrity, We suggest that




rhis can best be accomplished by a direct line of command

from the Secretary of the Air Force to the general officer in
operational charge of the whole program, with appropriate

boards of scientific adviscrs to both the secretarial level and
to the oparational level. The general officer in command would
look to assoclated military boards for support in the execution
of his plans. VWe recommend this extraordinary type of organiza-
tion to execute the program because we are convinced that the
situation presents an unusual combination of urgency and
inherent amenability to a direct approach.

In addition, we recommend that the same organization as was
used in the handling of the U-2 films be used for chemical
processing of the recovered f£ilm and that the cutput be dis=-
tributed by a central community facility.

We also recommend that this program be closely integrated
with the weather services that will be associated with the
TIROS project, with USAF's 433-L system and other sources of
weatheyr data.

PANEL ON SATELLITE RECONNAISSANCE

Dr. J. R. Killian, Jr. ) oot e
Br. Edwin H. Land 3 Co-Chairmen
Dr. William ¢. Baker

Mr. Richard Bissell

Dr. Carl F. J., Overhage

Dr. Edward M. Purcell
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3 July 1963

MEMORANDUM FOR: The Director of Central Intelligence

S5UBJECT : Panel for Furare Satellite Reconnaissance
Operations ' '

i. The Panel which you appointed to consider guestions related
to the future satelilic reconnaissance program has concluded its study,
#nd 1 am transmitting herewith our Report. May 1 say at the outset that
the group of Panel members and consultants over which vou asked ma
to preside was an extremely well-informed, thoughtful, and conscien~
tivus. group. I want fo express my personal gratitude to the Panel
members and consultants, and also my appreciation for the excsllent
staff support with which we were provided.

2. 1 know that YOu appreciate that time was a severaly Lrmniting .
factor. Because our siudy had to be compressed into so short a period,’
wea had to limit the number of guestions we ¢ould come to grips with.
Within these limitations, however, I think the Panel has examined care-
fully and objectively the major questions you set before us.

%. The Panel bad two full day meetings on 4 and 5 June which
were preceded by special brief g6 of some of tho riembers. Our Report
ha s gone through several stages of drafting in thu  urse of which the Panel
mew hers were consulted, individaally or in smail paoups. HExcapt for

ver: minor editorial changes ous Report, as subm.ced herewith, has

ween reviewed by all Panel members, who concuy substantially in its
findings except where specifically noted to the contrary in the Report

itself, ) ’

4. In bebalf of the Panel members and consultants, I wish o
expmess our appreciation of the priviiege and regponsibilicy you have

3~ g“”gb%&t‘}
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assignod to us in calling on us to serve in this way. I is our sincere
hepe that our counsel, in some way, will bensfit the work of the
Intelligence Cormmunity. o

SIgHED

 EDWARD M. PURCELL
Chairman
Reconnaissance Panel

pr. Purcell

Dept of Physics
Harvard
Cambridge, Mass.
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In response to 2 request from the Direcior of Central Inte 2iligence,
the Panel was assemblod to examine some hraac. problems in sateliite

vetennaissance., The Panel addressed iteelf to the following guastions:

2. What is the capability of existing and programmed
systerns to provide photographic coverage of t}z@ guantity and
qua}zi,y required to meet future intelligence requirernznts?

L. What are the techoical possibilities for the future
levelopment of satellite photography, and how should these
aifect systems planning and research?

What shouwld be the technical goals in the next phase
of develospraent? ‘

of suxr systems to counker -
and what

33,“1,”«;;;1 Lo

seiions, the Panel consideyed a
e gystems. Finally, although
oi the A -2 airborne system as such,
Ty much in our minds. The
airborne and satellite

WOTE e
T apid-v &g posg S:""J.Lﬁ in o tho right

A..»:«\z W

T2 study had to leave many imp




HMENT TG

S e Y p a ey e g NOCOVERASE
ZRVATIONS ON COVERAGT
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~ 00 ramoriably successiul developmant of
naissance from saiellites, 1‘0,;;;‘{,-5;;1* xd by our '*u:ran‘cl\; ope:

: Yechnology to o point where futera prog

o rathor digferent ‘f;‘ ections. Noturaily, high :asoi&-txoz and full

covesage are both desirable. In any @ program, however, £0 mc’
choice will have to be made. The excollence of resolution now forcaceanle
i we strive for resolution alone, is sc high that full search coverage as
that same rezolution would produce a volume of information substaniially
enceeding the capacity of our prosont resonrces for interpretation and
axpicitstion. This argument is hardly a decisive one. Ways could be
lound to cope with such an embarassment of riches. What is more

3

inportant is that the development of sysioms roquired to provide full
saarch co%m**&s;e ig not the speediest wuy 1o 1;1m the "chao-utmn capa-
mility which the state of the azl permils. In the natura
incompatibility of Wide coverage andhs

gad, iz bocowing more acule,
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W -;;. \,c:::;a’: bi:yoac‘ the current gystent, we oupht 10 alm pr.uhe. ily’
Cthe coverage limitation ¢ 1 be entail

¥ wan evolv
1Eve 1 1w vory substansia
01 sye obtainable and it i

always bc: vc“\-" irporiant vess for spot cover
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1 filens and cameras: nor need 1t measurs an 1y defined

w "6 o
sootical parameters. it nesd nol even relate clesely to the military

7

cation iavelving bar fargets, but it must be applicable routinely
and simply to any segment of
moensurement of something related only to the cut~off of the spaiiai~
frequency power spectrum in the final negative can be devised., Ifit
can be diagnostic, so much the batter, but the overviding nesd is for
an unambiguous guality control test.

useful M negative.. Possibly a simple

This Yproduct improvement’ program for M presents & T
geiden opportunity, not a thankless chore. If carried through in
spivit, with determination, its quantitative yield in inteliigence informa-
tion may surpass that of any single more advanced system we !
now design. ‘

28

N
that

The G and L. programs are moving in the right dreciion and i
successful will be very significant steps towaxd higher reselution. In
s ddition to the actual inteiligence we can expect from G systermn recon-
naissance, the performance of this system will teach us & gresnt des

it the opportunities of higher resolution phdtagral.zhy - that is, i
formonnce should and will have z decisive influence on our
an of future systems. *For this reason, we recomrcend that
o given early in the G operalipns o acquiring some pho
G ramers under ideal photographic conditions. In othuor W
cy of collecting intelligence should not prevent us entl
. exactly what this kind of system can do under id
and, 2t the sam
are different enough 5o ihat any additional SRperionsd

nily advance our understanding of the problern of i
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TLANDMING BEVOND CU

errd 5

The VALLIY progra
would think is genewvally the right direction,
lution o the limit even at some expense in Gov
conceived, the VALLEY system with its considerable fiox
sifer subsiantial coveragze in some modes. We feel, howevcr, that it
litéle tao early to fresze the conceplt of the next advanced system.
ns f()r this are the foilowing: in the current stale of the art,

]
convincingly dermonstrated by the excellent paramelric studies

that i in pushing veso-
s‘xc!;uall\';, s DOW
xibility would

%

snted o us, the controlling parameters of film speed, I ¥
-,.“no.c.e stability, and the laws of wave opiics, lead one

-
npromise in which size, weight and commplexity of the inst
affocted by even & modest change in a basic parametor. Onae can almasy
s modest factor in film specd could mesn the difference
rmented THOR and a TITAN fox the transporling vehicle.
in the next generation of reconmaissance cameras it

wiil be even raore immsortant than befors, i ﬁha" is imaginabile,
2 wimost advanitage of @v very advance in optical mate
In the following section, we discuss some pos sibiiities
advances which can probably be evaluated soon enough
cslimate their importance for tie coming generation of sys
it may be possible to see much more cﬂwﬂrlv than

oy R o
LANNGNL &

nruast-ang

for technological
B 56 that one can

A

sLSINE in &

fow months ime,

now what kind of systam we ought to go for.

3 teriais and techniques

resciution,

.




TECHENOLOGICAL ADVANCES

a.. Emulsion Propertiss

Currént camera designs, when éptiinizeci, turn out o be
an expression of the };roperm"es of the SO-132 emulsion. Within limits
ai a given state of the emulsion art, there is a trade off betlween :
uvity and resclution which can be manipulaied to ger belter res
particular context. On the other hand, it appears not ua ¢
nope for some absolute imnproverent in emulsion properies
yield a faster fllm at the same resolution or its equivales
a facior of 4 in speed for a given resolution is too mush to Bope
but we have some confidence that 2 factor of 2 may be obtainable.  This
would be an extremely sigdificant gain, which would of course be welcome
in our current sysiems,. Ii could be immediately exploited in the desizn
of fiew systems (o alter ma»ex.ally the welght-size-stabilization requive-
ments in the next generation of instruments. Within a few months one
z know whether such an improvement in emulsions can indeced be
anticipated, We think it extremely important thar this question ba
pursued, -

& Intensifiers

The electronic image intensifier is a devi
ing (ii}Vuiu"’)x‘(A V;fvu*oumly in a number of forms. [ may posed
epporianicy for & major breakthrough in satellite photograph
ge intensifier, light from the oripinal scone fails on a photo-cathods
ner than on the film directly. The slectrons cjected from
cathode are accelerated to bombard the phosphor, where ey inalke
iwm This light can then expose a photographic film or the PLOCESs
be cascaded to make more elecirons, more lght, ete., aniil at some
stage photegraphic recording seceurs. It remains to be seen wheilier iho
quirved reselution in lides per millimeter can be maintainced, Thes
is no fyndamental reason why it cannct be. Some 33179."'Vnzna1‘v caleunle
iens supgest that several hundred lnes/mm is not ous of
Leed, o the application to satellite cameras, we ap;:c - 1o have a
peculiarly favorable o the cpplication of ¢ age~intensicoy

In most of the carrent and future des the Wght is

I8
ads




reuerded at any given instant along 2 narrow striz

i 5}1:\! advantageous far cantrol of thc. eiect. on tra

teohnd

ailyvata -:Cv\lu different {rom that of the primary 1mafm. Vs! e recommaond

that the possibilities of image-intenzifiexr techniques be immediately ‘

investigated. If closer investigation corroborates our grebe*zt opiimisng,

A vigorous program of development should be started. Xere, too, we
xpect that a few months' study could give us a very much clearer

picture of the implications for planning of our future systems.

¢. Vexy Large Cotics

‘

Advances in the design of very large optic

fy

con 2.1 uing o be *na.de.' Theae inc}.udé not only new geomet

new tech nlquﬁ* fcr {:Gnstruumng iarg_,a mirrors tnat are accuraie but
not ensrmously heavy. It is reasonable to conternplate apertures at
least as large as 60" dlameter operating, so far as their intrinps
optical performance is concerned, closé to the Ydiffraction limit" set
by the wave length of light. To be more specific, it arme_ars that & &4
dimmeter £/2 systern forming a good image on a 10 slit is entirely
fzasible, as is a 40" diameter, £/1.5 with a o’ siit. If and whan we move
into l&rger vehicles, it is these largey systems we should be thinking
about. It is not too early to support research and development on compo~

ents, in view of the fact that the lead time on the very iarec oplica

clzments invelved may be as much as two or three years. {(Of courss
we must net forget that the lead time on launching waml sigs may be
another critical element in the ctilization of &a*&cr vehicles. ) o

The impression ga.ined from ocur discussions ¢f these large .
opiical systems is that bulk is likely t¢ be 2 more stringent Mmdisiion
chan weight, eswpecially if the development of large beryllium mirrors
continues t¢ preceed a8 successiully as it has o date.
tabilization

e 3l e
A PTORLRr
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less. Hence, thore will be a contl ning need for innovaticn and ingenuity
ia the development of vehicle stabilization techniques apnropriate o

the camera platiorm. Some degree of image stabillzation {as contrasied
with vehidie stabilization} may be nossible in some of the new optical
sysicing, including the hypothetical image-intensidier system just
mentioned.
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EVENTUAL LIMITS OF RESOLUTION

””hc‘rn is no evidence that our prescal systems are running intg
ndamental limitations on ground resolution. Of course, the

Sy
bie :*r:ﬂla:wz: between angular resolution and lens diametor

i
InexoTn
impose an ultimate lower limit on the size of our instrument.

a if averyihing else is

perfact. }*voba,'.,ly one can push as far as - ground re 3(311;*%:3:1
without severe trouble from the atmoespheric medium. The que

remains as o whers the inhomogeneity of the atmosphere will

itself evident, preventing any further useful advances. Cm this gus
we have ne conclusive experimental evidence. The astronomors nia
Cfamiliar with the inverse problem of seeing up through the atmosphere,
bul thelr experieonce does not necessarily provide the answer. We are
4lss upable to predict at present whoether this eventual limitaiion will
be relatively more or less serious {or the satellite borne camera than
for an airborne camera. As we advance into 2 new domain of 9‘..:5'
wnance this fundamental guestion will deserve sarious research artos
In advance of empirical tesis, we may well bs able to draw

clusions {rom calculations for various maodels of 2 turbule

sltemns are complately free {rom cnc pr
it the resolution of a;z‘hfsr e CAMEras, uE & (}]u.i».,a.-.«.
5 'in the airstream adjacent to the vehicle, Where this 14
will setin, for airborne systems, is an open guostion at the
but tests in the actual envirvowment Which are now schedulad
provide a reliable answer, at loast for ground resolution of the o:

of MR v foot. This problem, if it ever becomes sericus, is peTh
not entirely beyond remedy.
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iled briefing on satellis
ability and on t ryrant program simed ot the piavxmnw
Con ,x;c“ Geh d pro‘ ~ctio*& of reconnalssance satel
' nted 1o us, were reassuring,
3 that if the Sovicets were tom
radar capability with 3
wehicle, i ~ool"m he

gt counteyr Coutbs BUTCS On GuY

! The misin reason ,fo‘r this is that the missile has

o be commitied to its trajectory before the satellite appears over i
rizon; -Thus it has to be comanitied on the basis of cuwanolatio::.i'z s

a previous pass; b) the analysis of pellet attack pretey convincingly
shows that our present satellite ¢ a..ue‘uration's, shiclded os ‘.‘;;\'.Y ave
by the AGENA.stage forward, would be quite dilficult to hit
ts and that & very moderate amount of judicicusly vlaced
ding can protect ther very sifcetively, In short, ivlools from this
Bi%, as b_-n)u’?;ﬂ the attacker will have 16 employ a nuclear burst
How severely thiz will inhibic him :-Zrz';m regorting to attack is, of cour

¥ DUTSS

o~
&

a guestion that involves ypuch mers than technical considerations.

pro"im'féle nowever, that the Nike
L x,huu.,:w perhans also thc:
;_m.ﬁxl L as il camoe . avear
rf SPALZUR-Lke data acour 10 ovan
1

= a coupnle of da A Thor coold thus be launchoed when thae

&
ab'":u ik away {aboul 45 seconds after raday dotection)

intorcent & praximatcly- overhead. The recent M
sus was sont against a grmall sate
distanco wbout 200 meters, &t which distance -3, Oam jelegH
s gpread i OE} {oot zadius pattern would give about 1. a
per f'qaar foot. It iz clear that reliable informaticn
» of the proposed shislding against oo
.-n::v\wg:*a"“- PGS choan inter cgp: could not Le
mags more than

-
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THE GAMBIT AND HEXAGON SATELLITE RECONNAISSANCE SYSTEMS COMPENDIUM
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SECTION II: SYSTEMS REQUIREMENTS

»Rlémmém‘aagd&
selase T Serfembord@lt - . &
CORQNA/ GAMB IT / L-ANYAR.D

HANDLE VIA BYEMAN-TALENT/KEYHOLE- ‘
COMINT CONTROL SYSTEMS JOINTLY B

/_z. 9- 14 'LCL.%.Q."?
f%’m"g R ,;’af-a,

-t'IN'I"frED " STATES INTELLIGENCE _:BOARD

UsSIB- ’D- 41 13/11
' (COMOR-D-13/16)
.27 July 1964

L:.rn:ted D1 stnbut:.on

4t

! REFERENGE  : _Us'rB-D-41.',1"3l_'1'o (COMOR-’D-B_I 14)
S - 24 July 1964, Limited Distribution’

1 The enclosed report on the subject from the Comm1ttee on
_ Overhead Reconnaissance (COMOR). in response to USIB act:on im0
' Executive Session at its .22 July meeting as ‘recorded inthe reference,
is transmitted herewith for consideration by the Board of the COMOR
. Conclusions and Recom.menda.tmns conta.:med 1n Ta.b B hereto, pa.ges 6
through 10 , e

=Tl : The Nat:.ona.l Photograpluc I.nterpretatwn Center (NPIC) ‘
stu.dy atta.ched as Tab ¢ hereto is - being distributed in a hmxted number
of cop1es pnmanly to USIB Members and Observers.. B

TR ; 5 3. The enclo sed COMOR port is echeduled for consuierat:.on e
: b‘y the USIB at its meetmg on 29 July 1964. - L R
\

JAMES S. LAY, JR.
Executive Secretar

Attachment. with HANDLE VIA BYEMAN-TALENT/KEYHOLE
Tab A . COMINT CONTROL SYSTEMS JOINTLY
- Tab B : - '
Tab C (TCS-7473-64) .
® ‘ s L‘&.NYARD T GROUP l.;
* CORONA/GAMBIT Exduded from oviomatie| -
. L B downgrading and . )
 TOP-SECRET- declewifeotion | - . . ]
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CRITICAL TO US SECURITY: THE GAMBIT AND HEXAGON SATELLITE RECONNAISSANCE SYSTEMS COMPENDIUM

. .NROAPPROVED EOR ™ v . o~ R
RELEASE 17 Sepfembeig@1 * —TGP-SEGRFL @

 Handle via BYEMAN, S Rl
TALENT- KEYHOLE . CORONA/GAMBIT/LANYARD . -
Controls : . L L Atta.chment

USIB D-41. 13/11
 (COMOR-D-13/ 16)
27 July 1964 N
- Lirited Diatributio'ni_' o

UNITED "sTA”'-j:'E's’- INTELLIGENCE BOARD

MEMORANDUM F OR THE UNITED STATES INTELLIGENCE BOARD

:SUBJEC'I“ . '. ,,__'_'Long Ranue Requxrementa for Satelhte
: - ',Photogra.phzc Collectmn .

. REFER_ENCE:

- ona proposa.l ior a search system thh area co-vcrage approxma.tmg

K- 4 and resolution a.pproxxmatmg KH-? a.nd a bneﬁng h'y' t.he NRO on

P
=

2 | . BYE- -4590- 64 )

‘ ‘ , Handle vid BYEMAN,
CORONAIGAMBITILANYARD TALENT-_!CEYHOLE
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SECTION II: SYSTEMS REQUIREMENTS

" NRO APPROVED FOR % o
RELEASE 17 September ,
" Handle via BYEMAN, . = - & ..

Vo

TALENT-KEYHCLE CORONA/GAMBIT/LANYARD
Coritrols o o B Attachment

‘USIB-D-41,13/11 -
(COMOR-D-13/16)
27 July 1964

- Limited Distribution

G-3 and LANYARD It ha.d a.va:lable. of course. the pa.pers on the same.

: sub_]ect su‘ormtted to the Board in Apnl 1963 but on wlnch there ha.d not '

ot

h vbeen a conclusmn by the Board. NRO and the NPIC representa.tlve-s- .

parumpated fully in the d1scussmn§. A

'-3;' In d1rect response to the Board's asngnment,, the COMOR-

apec1f1ed to NPIC the essent;al elements of m.forma.tmn on ma.Jor prob-

Zr s e

lerns mth a request that the NPIC usmg the resources of a.ll of the

&5 m:,

agencxes parnc:pat 1ng in NPIC, a.dv-lse on the extent to wh1ch the EEI could

be met by photography thh a capabrhty of’ resqutmn o pernnt’ ;nterpreta.hon !

_ .s‘
) q hairman ’
. Committeel op/Overhead Reconnaissance
Attachments (3)
Tab A 3 . BYE 4590 64 _
Tab B . Handle via BYEMAN,

Tab C CORONA/ GAMBIT/LANYARDTALENT -KEYHOLE
‘ Controls R
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CRITICAL TO US SECURITY: THE GAMBIT AND HEXAGON SATELLITE RECONNAISSANCE SYSTEMS COMPENDIUM

. .NROAPPROVED FOR __ .
RELEASE 17.Segfember@1 —TQP—SEGRQF- @

Handle via BYEMAN, ' ;

TALENT- KEYHOLE CORONAIGAMBITILANYARD ' ]
Controls : ;

. USIB-D-41. 13/11

~ (COMOR-D-13/16)
27 July 1964
.Lirnited Distribution

: Ta.bA

D1rect1ve to COMOR Regardmg Long-Term Intelhgence =

R Requ1rements for Satellite Photographic Reconnalssance

1. COMOR is directed to prowde for- the Board"s con31d ra.-
~ tion at its 29 July meeting recornmendations for fu.ture mtelhgence
- reguirements for satellite photographic reconna1ssance from the sta d-'.

. point of required input to the intelligence inventory In preparing its
report, COMOR should take intoc account the exper1ence ‘achieved thue
far through the use of the KH-7 and KH-4 con.ﬁguratlon.s and an analysis ,
"by NPIC on the extent to which specified Essential Elements of Informa-. . -
txon can be met by mproved resolutmn a.nd quahty of photogra.phy

T2, The COMOR de11beratzons and report should he concerned 4
thh the needs from an intelligence viewpoint of improved resoluhon in.
the GAMBIT spotting system,. the advantages and dxsadvantages of a.ve'ry'
much higher resolution in the spotting system even though the area’c
age is reduced, the ability of the present and contemplated spotting i3
systems to cover targets of interest with due consideration to accurs cy.
of pointing and the ability to cover successive targets because of im "

: mvolved in the roll and pomtmg of the ca.mera.. o

_ = 7'3. Recom.menda.nons w;ll be expected on the advanta.ges of
unprovements to the present GAMBIT. system consxdered feastblevthh ‘
further research and development and also. a.dva.ntages to he gaxned '
further improvement in the ex1st1ng CORONA syste:m :

: 4. The importance of the development of a search sy-tem .
w-xth area coverage approximating the CORONA (KH-4) but with resolu-
. tion equaling the GAMBIT (KH-7) should be examined from the stand-"
point of the value of the input of Essential Elements of Information to
the intelligence inventory resulting from such a development.

4 BYE-4590—64 :

i Handle via BYEMAN, '
COR ONA/ GAMBIT/ LANYARD TALENT-I{EYHOLE
‘ : Controls LR o
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" NRO APPROVED FOR {3 —%P—SEGR:F—T—
ROAPPROVEDFOR €3 2

- RELEASE 17 September

‘Handle via BYEMAN,'
TALENT-KEYHOLE CORONAIGAMBITILANYARD

Cont rols

‘ USIB .D-41. 13/11
ST (COMOR=D-13/ 1&)
ST L T 27 July 1964

B B ' foa 7 7 ‘Limited Distribution

. Tab A Gontd .

L By ‘ F1nally, consideration should be ngen to the need for an .
‘-_fxnterzm search system built around the LANYARD cameras which nnght
. product resolution considerably better than the Ki-4 butnot as good as
- the KH-7 and which could be avaﬂa‘ble long in advance of an:y of the pro-
'.posedsystems. G L . i N

: 6. Although there is no indication that budget restr:cuons or
"".technical or physical -resources would ‘necessarily foreclose concurrent

action in several of the areas mentxoned above, -USIB would be interested -
..in COMOR's views on the relative importance and hence the pr1or1t1es '
B .,wh:ch mxght be attached to the several courses of action’ 1nd1cated .

o

5 ' BYE-4590-64

Handle via BYEMAN,

. CORONAIGAMBIT/LANYARD TALENT~ KEYHOLE
R Controls

T
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'NRO APPROVED FOR _
RELEASE 17 Septembef 2011 .

Handle via BYEMAN,
TALENT-KEYHOLE CORONA/GAMBIT/LANYARD
" Controls ' : e
USIB D-41.13/11"
(COMOR-D-13/16)
27 July 1964
'Lun:Lted Dlstnbutzon
Tab B

':

TLES e

 CONGCLUSIONS -

- Bvifr-

:,9 4 -

U oo ' Hand.le via BYEMAN
. . CORONA/GAMBIT/LANYARD TALENT-KEYHOLE
S T Controls

\l—
LS
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‘NRO APPROVED FOR &5 2 © f;& B
RELEASE 17 Se%émberZOﬂ S T S
Handle via BYEMAN
TALENT-KEYHOLE CORONAIGAMBI'I‘ILANYAB.D
Controls . _ _
R L USIB-D-41.13/11
N E LE T e {COMOR-D-13/16)
e Y 27 July 1964
Limited Distribution
'I-‘a.b B Contd
T . 'I‘here would a.lso be advanta.ges in a system thh the

L capablhty to pernut 1nterpretat1on o.f detaxls —

wou.‘[d be requu-ed in terms of vztal mportance is relatzvely small.

‘the ab:.hty of such a system to also prmnde add1t1onal 1n.forma.t10n .

1n'. the KH-7 from l:hree to t.wo feet.‘ Improvement should be made in

G IR e BYE-4590-64

: Handle via BYEMAN,
CORONA/GAMBIT/LANYARD _ TALENT-KEYHOLE

Controlu
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© +" NRO APPROVED FO Q -
- RELEASE 17 Septe mbe 1

"Controls -

_'(KH 6), of whu:h there are five packa.ges a.va.;la.ble, cou].d not be usefully

B feot‘ en a side reeolution, could it be erh.ployed’a.s a.’ subé'titute foi{i&[-?

'COMOR has concluded t.ha.t the KH 7 should 'be used in 11eu of r.he KH 4 B
' @s a crisis sa.telhte. However, before aubunttxng 1ts ”reconunendatton
: __'- to f.he Board COMOR ha.s requeated cornments from the’ NRO_e .dithe '
- 'NIC. In view of the fact tha.t we are ad\nsed t.hat t.he flve:-LANYAﬁ.D- .pack—
' .,agﬂes ean be rexnstxtdted and pla.eed on standby as a cnsw satelhte vnth

s . out 1nte£-ference thh the developrnents recommended in paragraph T

desu'a.ble. -

Handle via BYEMAN.
TALENT-KEYHOLE, CORONAIGAMBIT/LANYARD

USIB-D-41, 13/11

(COMOR-D-13/16)
27 July 1964 - N
_1»L1m1ted D1str1but:.on T

Ta'b B Contd

P
e ;

3

ST ' Recommendations on New Systemso i-".: e

a.- Tha.t develoPmentaJ. work ahould proceed';

urgently toward the achievement of _
: 8 " © . BYE-4590-64
Handle via BYEMAN,

CORONA I GAMBIT/ LANYARD TALENT- IfEYHOLE
» Coatrols .
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» - NRO APPROVED.FOR

RELEASE 17 Septe/ibelg —TGP—SEGRET @

-

‘Handle via BYEMAN, _
TALENT-KEYHOLE CORONA/GAMBIT/LANYARD
Controls ‘

| USIB-D- 41 13/11
{COMOR-D- -13/16)
27 July 1964 -

. Limited Distribution
'I‘a.b B Contd .- .

’ (1)1 T A s1ng1e capabxhty for search

a.nd surve111ance w1th a cont1nuous stereo-

scopic' ground covera.ge. equiva.lent to KH'-4 ‘

(Z) - A capa.b1 i y whlch W111 perm1t

o 1nterpre.tat1on of detaﬂ.s on the order—r

r

— on a side even vnth a swa.th

S g .‘¢7,~

w'zdt.h approxuna.tely ha.lf that of KH—?. .1 - 8

: \estabhshed the second should have f:.rst pnonty- (COMO

be11eves that m v1ew of the ex:.stence today of a sea.rch and

%*The CIA recommends that the first capability should have priority over

the second. For the following reasons: a., A high-resolution system

9 BYE-4590-64

_ o - . Handle via BYEMAN,
" CORONA/GAMBIT/LANYARD TALENT-KEYHOLE
T . ‘ : - Controls

-
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CRITICAL TO US SECURITY: THE GAMBIT AND HEXAGON SATELLITE RECONNAISSANCE SYSTEMS

COMPENDIUM

' NRO'APPROVED FOR| ;% —TGP—SEGRE—?} 3
RELEASE 17 Sepfemb&?2011 .
Handle via BYEMAN,. '
TALENT- KEYHOLE ‘ CORONA/GAMBIT/LA.NYARD
Controls : ORI
‘ ) USIB-D-41.13/11
{COMOR-D-13/16)
27 July 1964
Limited Distribution
~Tab B Contd
‘(three feet at nadir) which gives continuous,. stereoptic coverage of a -

strip some 300 miles wide would appear to have sx;.bst_a.x_zh'ally vgréatier

of a.chlev:ng the neceSsary, extremely hlgh po1nt1ng accuracy. and ,

' .b'. , Based on CIA's a.na.lys1s o.f several ma._]or weapons systems and

can be eatima‘fcdﬂ .

10 BYE-4590-64

: ' » Handle via BYEMAN,
CORONA/GAMBIT/LANYARD TALENT- K.EYHOLE

Controls
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i
-y

NRO APPROVED FOREY) —TGP—SEGREE%

RELEASE 17 Se;ﬁember 2011

"Handle via BYEMAN, o5
T TALENT- KEYHOLE CORONA/GAMBIT/ LA.NYARD

. Controls :
USIB-D- 41 13/11
(COMOR -D-13/16)
27 July 1964
Limited Distribution
. . . i o Tab C
Ground Resolution. Compa.'nson bj NPIC
(see attached)
1. ’The Board reguested tha.t COMOR's study take into »

. account an a.na.lys:.s by NPIC on the extent to whxch the specxf:.ed

Essent1a1 Elements of I.n.format1on (EEI) can be met by 1mproved o

.resolutlon and qua.hty of photography. ; COMOR accord:l.ngly arranged

o for a CIA stu.dy on this quest:.on to be subJected to amphhcanon of

the EEIs by DIA a.nd eva.luatmn of ta.rget data. at three d1f.ferent ground
4resolunons by Jo:.nt teams of DI.A a.nd CIA photo mterpreters. Wu.lnn 8
the limits of the t:.rne permxtted such a.mphf:.cat:.on of the EEI wa.s

S

. ma.de and the above ta.sk force at NPIC sought to complete its

-eva.luanon. Pa.ges 1 through 9 have been fully coordlnated msofa.r as

g _r.hese evalua.t:.ons are conceme¢ Pages 10 through 17 ha.ve not fo

l la.ck of time been fully coordmated
T 2. 'I'he D:.rector. NPIC ha.s g:l.ven as hxs opunon that
dszerences between the CIA stu.dy a.nd the Jomt eva.lua.non a,re proba-

bly not signvificant. He observes that for the most part, they are

differences in precise interpretation or small variances inprobability.

This judgment was presu.tna.bly based on pages 1 through 9.
1r - BYE- 4590 64
Handle via BYEMAN,

- % CORONA/GAMBIT/ 'LA.N,Y_ARD TALENT-KE YHOLE
: : ; Contr ols
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. NRO APPROVED .
RELEASE 17 Sep e

Handle via BYEMAN
" TALENT-KEYHOLE - CORONA/GAMBIT/LANYARD

Controls
USIB-D-41. 13/11

(COMOR-D-13/16)
27 July 1964
Limited Distribution
Tab C .Contd’
3, It was the consensus of COMOR tha.t the column headed
Alternative, Possxbly Better, Sources. i should be omxtted at this _

time. It was agreed tha.'t this column as prese_nted is mcomplete,‘:j.,

particularly as to SIGINT contrivbutions. and would neve‘r‘t‘.-heless be.

thoroughly meaningful only if it contained alfernaﬁve sources which

" could be weighed aéaiﬁs't a "yes". or’ "part.ia.lly“ in the —

>

» colu.'mn. It would a.lso only be 1mportant should the answers in the
ten-foot coluznn and three-foot column have been “no" or "pa.rtna.uy e
:It would be neces sary to specxfy tha.t such obvmus alternatn.ves as

obtalmng the article in q_uestmn. obtam:ng an opera.t).ons ma.nua.l or

. suborm.na a techmcal expert mvolved in the design of the a.rt:.cle rnu.st

" be ruled out. Furthermore to perrmt a proper wexghtzng of the need

for such detaxled photography, the entry in the "Alterna.txve Source .
column should be specxﬁc as to the type a.nd va.lue of the various |
Velements of mforma.t:.on w!nch could be obtamed on the one hand by
high-resolution photography and on the other by the alternative source.

12 ' BYE-4590-64

Handle via BYEMAN,
. CORONA/ GAMBIT/LANYARD TALENT-KEYHOLE

" ‘ = %

Controls. = =
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THE GAMBIT AND HEXAGON SATELLITE RECONNAISSANCE SYSTEMS COMPENDIUM

CRITICAL TO US SECURITY
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CRITICAL TO US SECURITY: THE GAMBIT AND HEXAGON SATELLITE RECONNAISSANCE SYSTEMS COMPENDIUM
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UNITED STATES INTELLIGENCE BOARD

MEMORANDYJM FOR THE UNITED STATES INTELLIGENCE BOARD

SRS . Long-Range Requirements for Satellite . =~
Photographic Collection ) o

USIB-D-41.13/11 {COMOR-D-13/16},
27 July 1964, Limited Distribution

LT I

REFERENCE

1. At the United States Intelligence Board {USIB} meeting on 29 July;

in restricted session with Dr. McMillan, Director, National Reconnaissance
Office (D/NRO) present, the Chairman, Committee on Overhead Recounaissa fc
{COMOR ) opened this subject by explaining that in the recommendation in :
paragraph 7.a, {1} of the reference, COMOR did not presume to juige the . o
suitability of any particular system in meeting USIB requirements for an. 7.
advanced satellite search system. Likewise in paragraph 7.a.{2), although =~
the specifications appeared to poiat to the G-3, Mr, Reber stated COMOR
was not endorsing any system, but was loocking fora resolution of -or'f »
better, and if feasible, a swath width as wide as pcsszbia, accuracy in. - prry
pointing the camera and continuous coverage stereo. He noted that in para-
graph 5, COMOR had also cuncluded that those improvements in reaoiutm_m
‘and reliability that could be made in the KH-4 and KH-7 without-impending ="
development of the two systems mentigned above should be effected.  The
Chairman, COMOR, also stated that although COMOR had not yvet made a
formal recommendation to the Board, his Committee preferred the KH-7 to

the KH«4 as a crisis staadby and that the KH é might serve as'a snpplement

" thereto,

2. The DIA member, referrmg to paragraph & of the COMOR Conciusmns
and Recommendations, stated he did not think COMOR had given adequate

-

s CORONA/GAMBIT/LANYARD

GROUP 1
Exchoded from woteomtie
davengroding aed 3
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SECTION II: SYSTEMS REQUIREMENTS

_CORONA[GAMEs IT/LANYARD
B | BYE 4594-64
USIB-D-41,13/12
(COMOR -D-13/17

31 July 1964
Limited Distributl

. HANDLE VIA BYEMAN-TALENT/
KEYHOLE CONTROL SYSTEMS

JOINTLY

consideration to the USIB directive regardiag the need for an interim search
system like the LANYARD. ‘Geuneral Carxoll noted that there was a regquire-
ment for coverage of targets KH-4 could not detect and for which the swath
width of KH-7 was too narrow, and urged USIB not to drop consideration of
the KH-6 {LANYARD) as1an intelligence collection systern against certain )
targets., The Chairman agreed that this was an important point and stated
he would like NRO and COMOR to study the feasibility of running one or two
KH-b6 missions with orbits worked out to give maximum coverage of China ~
near the end of this yvear when the weather will improve., Mr. McCone said
he felt this might prove to be a useful input to our intelligence inventory. :
The D/INR{O stated that after the last Board meeting he had initiated a technice
and cost study, as well as an informal targeting study on how many KH-6
missions would be required to obtain coverage of South China.  While he had
nothing at present to report on the targeting study, Dr. McMillan reported
that it appeared the first flight with the existing payload could be ready about
4 months after the decision was made to go ahead. The D/NRO added that
he had not yet looked into all factors involved, and there would be some costs
divectly associated with the project. He said that THOR and AGENA boosters
already in the program as standbys could be used to orbit the KM 6= but noted
that this would deplete the reserve of standby vehicles. Dr. McMillan stated
that we have % complete KH-6 payloads in storage and the removal from
storage and utilization did not present severs technical problems. In respons:
to a guestion by the Chairman regarding how many missions would be reguirec
of the NRO Staff, stated that the number required would
depend primarily on the weather. Although the study was not yet completed,
. “estimated it would probably take 3 or 4 missions at the time
of the year proposed. The D/NRQ stated the study wounld be completed by next
weaeek. In response to questions by Admiral Taylor as to the possibility of
R&D conflict befween the improved search systern and the high resolution
aystem, and the timing involved, the D/NRO repiied that there was no confiict
in priorities, there was no problem as to "state of the art” in developing the
search system as recommended by COMOR, and the development cycle for the
high resolution system which would be about 2 174 vears after initiation of

-2 -
CORONA/GAMBIT/LANYARD ‘

—FOPSELCRET-
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payload design, or the latter part of 1966. Mr. McCone supgested that

in view of Dr. Fubini's statements last week regarding availability of funds,
it appeared guestionable whether priorities for the development stage ware
important. The D/NRO replied that he felt it was a matter of convincing
Secretary McNamara of the requirement, as the Secretary of Defense had
told him repeatedly not to stin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>