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Critical to US Security:
The Development of the GAMBIT and HEXAGON Satellite

Reconnaissance Systems

Introduction

Since the eariy 1960s, US p61icymakérs have come to rely .
increasinglybon photo-reconnaissance sateilitevimagery for timely
and accurat‘;e intelligence. Ehoto—recon.naissance satellites and
the information they provide have become virtuaily'indiépensable
to the US Inteliigence Community and its intelligence
assessments. Deveioped; opeiated, and managed by’the National
Reconnaissance Office (NRO), these satellite systems sparked a
revolution in intelliggnce collection. Operating in a érisis
atmosphere, the NRO forged a unique working pa:;nership with US
private industry to design and bﬁild these new satellité systems.
The NRO/industry partnership drove space reconnaissance
technology beyond current liﬁits. ‘It made possible a new
gene:ation of photo-reconnaissance technologies that resulted in
the acquisition of never-before-seeﬁ, detailed iﬂtelligence data
for US officials.
CORONA, the first US reconnaissance satellite program ushered in
this new era in intelligencé. A stop gap film reéovery system,

CORONA focused primarily on thg Soviet Union and other denied
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areas. CORONA imagery provided US.decisioh mekers wiEh vital
4information on Soviet weapons deﬁelopmenf, order-of-battle, and
its nuclear program. During the-19605, 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 testingvaCtivity;
Although its contribution to US intelligence was “virtually
immeasurable, " CORONA imagery also had limitations. 1In 1961,_fer
example, it could resolve no object smaller than 10-15 feet. US
photointerﬁreters and US planﬁers needed, and demanded, higher
resolution imagery for their.intel;igence estimates relating to
Soviet weapons systems and target identifieations.

To fill this gap, 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 of - two feet.
After overcoming a series of developmental problems, both

technical and managerial, the first GAMBIT satellite flew in July

irraditionally, photointerpreters divided reconnaissance
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 £ilm. The second observation function was
*surveillance.” Once it was determined there was something of
interest there, the surveillance system ' provided detailed
information on the particular target.



NRO APPROVED FOR

RELEASE 17 September 2011

‘1963. Thé returﬁéd.film product whetted the apéetite of US
intelligence analysts for more. Although'GAMBIT, a surveillance
system, covered fér less area than CORONA,‘ it p_roduced
photography with a much better resolution. Objects as small as
six fe.et could now be> located and observed.

An improved GAMBIT, known as GAMBIT-3 or the KH-8, flew in
1967. Capable of stereo photography and-resoluti-on,
it proved h:i_.ghly successful replaci:;g GAMBIT-l‘.'. The GAMBIT |
program e&entually'flew 54 missions over 20 years, concluding in
1984. It provided US officials with uﬁique, highiy detailed
imagery of Sensitive.tArgets, and becamé a major tool for phbto_
analysts during the Cold war. |

| Film-recovery payloads culminated with '.the development of
the HEXAGON séries of satellites. Approved for desigﬁ and
development by the United States Intelligéﬁce Board (USIB) in
1964, the CiA designed HEXAGON as both a high resolution and‘wide
area coverage system. It was one of the largest and most complex
reconnaissancé satellités ever built. Known to the American
public as "Big Bird,*" it was 10 feet in diameter and 55 feet in
length. It rivaled NASA'’'s Space Lab in siie. HEXAGON featured
‘two panoramic counterrotating optical-bar cameras and four

recovery capsules (later CORONA and GAMBIT satellites carried
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two) . Later HEXAGONs also contained a fifth capsule to return
film from a separate,ﬁapping camera. Acepmpanying stellaf and
terrain 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 qune 1971 and April 1986. The
oﬁly failure to mar this remarkable satellite program occurred on
‘the twentieth and last flight when the launch booster expleded
above Vandenberg Air Force Base on'18 April_1986.

In the 19808, the next generation of US photo-
reconnaissance satellites (which eliminated the need for film
return), replaced both GAMBIT and HEXAGON.‘ During theif years of
operation, however, GAMBIT and HEXAGON proved invaluabie to US
policymakers. Fer much of the Cold.War; these systems kept watch.
over the Soviet.Union and other communist bloc areas. They proved
critical to US security by providing detailed intelligence on US
adversaries. Their search and surveillance capabilitieSAalsq
madeApossible'arms limitation negotiations and the verification
of nuclear feduction treaties.

This study traces the ofigins and development‘of.the GAMBiT
- and HEXAGON pregrams. It details the technological probleﬁs,

breakthroughs, and accomplishments they encountered as NRO, CIA,
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Air Force,:and private’industry engineers, designeré, and program
managefs, pushed the cuﬁting edge of space reconnaissanée
technology. It outlineé the evolving close partnefship and
working relationship developed between the NRO and industry‘in
pursuing far-reaching scientific and technological goals. It
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 ﬁhe

constant demands of US officials for more and.better»pictures.

It is a remarkable story.
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Background

Deepiy épncerned over Soviet bo&sts aﬁout the success of
their missile program and the growing fmissile gap," controverSy.
President Dwight D. ﬁisehﬁower, despiﬁe regservations, authorized
‘a U-2 penetration flight of the Soviet Union for 1 May 1960. The
Department éf Staterand the CIA strongly supported the decision.
The intelligencevoﬁjective of gathering informafion on the Soviet
missilevprogram was overwhelming in spite of the dangers.?

The most expe:ienced U-2 pilot, Francis Gary Powers was .

selected to fly Operation GRAND SLAM from— to

—. According to CIA 4anlalysts, this route offered the

iFor 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). 1In August 1957, the Soviets
launched a long-range ballistic missile. On 4 October 1957, they
rocked US policymakers by orbiting Sputnik I (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 weighing 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 scheduled to
begin 16 May 1960.
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best chance of photographing suspected locations of Soviet ICBM
sites. Powers first target'was the Tyuratam Missile Test'Range;
he was‘then to head for Chelyebinsk,.just south of Sverdlovsk.
‘Powers never made it past-Svefdlovsk. Four and a half houreAinto
the mission, a Soviet SA-2 sufface-to-eir missile disabled hie
aircraft 70,500vfeet above the Sverdlovsk area. The Soviets had
succeeded in dcwning the United States’ most advanced | |
reconnaissance aircraft. When Eisenhower finally admitted US
responsibility for the‘ﬁ-z overflight, he suspended all future U-
2 flights over the Soviet Union.' The United States was now
primarily blind regarding Soviec missile advancements.?

At the same time tne U-2 was successfully overflying the
Soviet Union, 1956-1960, and following the dramatic Soviet space
successes in 1957 with Sputnik I and Sputnik II, President
Eisenhower formally endorsed a stop-gap US satellite program in
February 1958. The new CORdNA project, managed jointly by the
same CIA-Air Force team which had built the ﬁ-z, was to produce_a

. satellite imaging reconnaissance system that would take pictures

3For a discussion of the shoot-down and the aftermath 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 aAbel.
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from space and deorbit s capsule with film back toreértﬁ. Like
the U-2, this Was a bold initiative to counter the closed
sscieties of'the‘siho-Soviet bloc.4 |

A stiing of twelve successive failures, however, threaténed.
to end the CORONA program'before itbeven succeeded in returning a
singls filmvcapsulelfrom spase. As thesfailﬁres confinued toA
mount, Bissell and the 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 usﬁslly relate what
happened. with satellites, according to Bissell, "they spun out
of control, burned up in the atﬁosphere, 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.“5
' Discouraged, on 10 August 1960, the CORONA team launched a

diagnostic payload in an attempt to determine what was going

‘CORONA was to be a stop-gap effort until the much larger and
complex Air Force W1l7L Samos Satellite became 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.

*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.
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wrong. The launch'from Vandenberg, AFé, California, was perfect,
the Agena roCkeﬁ sent the spaceéraft into the proper orbit, and
.on its 17th revolution, it successfully returned to earth, the

- Eirst pay}éad from space.

Buoyed by this success, the CIA/USAF team iaunched 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, e#actly 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 Eﬁese suffered a camera
failure.¢

CORONA Mission 9013, recovered on 10 December 1960, revealed
Soviet construction work on its SS-6 missile'si;es at Plesetsk
and at Yurya. Photo reconnaissance was beginning to:pay‘off.

‘ CORONA photography obtained in June 1961 also revealgd a new
Soviet missilé project around ﬁenipgrad. Some CIA analysts
believed_this new system was an anti-ballistic missile (ABM)
vsystém designed to counter US inte:mediate—range missilgé. The
John F. Kennedy administrafion, anxious over this new

devglopment,vturned to the CIA and the CORONA program for more

(3]
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daﬁa. CORONA, howevér, was>no£ aﬁle f§ perform the :equired
task. Eveﬁ its newest camgfa, the stereo KH-4, known as MURAL,
was not good enqﬁgh to provide technical data on the design of
objects as small as the surface-to-air missile. -Mbreover, CORONA
Aenéineers were still grappling with keepinglthe satéllite caméras
in focus. According to thé Satellite Intélligence Requireménts
Committee (SIRC), new US satéllite systems were héeded that could
resolve objécts as small as 6, 1.5, and 0.3 meters. CORONA
cameras called only for a resolutibn of 6 meters}. This was in
accordance with its rolé of performing wide-area, low resolution

'seafch' missions.”

"The Air Force had the task of developing a high-resolution
*spotting® satellite.

10
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GAMBIT

Origins of the Program

The NRO GAMEIT 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 ehvisioned, the Air Force sought to'creaﬁe a multi-
faceted satellite observation system. Little came of these
efforts, however, as the Départment of Defense struggled to
eliminate "non-criticai' défense expenaitureé and the Eisenhower
administration stressed a "space for peace" theme. Following the
Soviet space successes of 1957, however, Défense Secreﬁary Neil
H. McElroy authorized the acceleration of WS-117L ﬁo proceed "at

the maximum rate consistent with good management."3

Upon the urging of his civilian scientific advisors,

iSee *, In early 1958 President Eisenhower set up a
Satellite Intelligence Requirements Committee (SIRC) within the
Intelligence Advisory Committee (IAC) to establish requirements 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).

See * and William M. Leary, ed., The Central Intelligence Agency,

History and Documents (Birmingham, Alabama: University of Alabama
Press, 1984).

11
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President Eisenhou)_er in 1958 or;iered a small part of the WS-117L
program, a satellite with é returnable f£ilm capsule, be taken
from the Air Force over-all»program and given to the éame team
that had built the U-2: the CIA’s Richard Bissell and the Air
Force'’s Brig. Gen. Osmund 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 Samds programs, US officials urgently
sought new sources of high fésolution reconnaissance
photography.® The imagery was critical to US national security
interests.

The U-2 shoot-down triggered a series of top level meetings

sSamos originally had two planned photographic capabilities E-
1 and E-2. These involved the on-orbit exposure 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
photographic 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 E-
1, E-2, and E-6 ever flew. See *

12
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on the statﬁs‘of the Air Forcé's Samos programs} -The,Eisenhowér
decisioﬁ to stop ail aircraft overflight operations méaﬁt the
loss of high-resolution observatiqn-of the Soviet Union. Even if
CORONA achieved success, and at}this point if had not, there was
an immediate need for much better resolution than it-éould
provide. George B. Kistiakowsky, who haa succeeded James Killian
as President Eisenhower’s sgience 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, on the best way to
expand satéllite 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 Department of Defense
'streamlined, éuper-CORONA program. Charyk also argued strongly
for keeping the program in the Air Force. If given the chance,
Charyk believed he could create a succéssful covert satellite
program within the'Air’Force.

On 25 August 1960, Eisenhower approved the‘recommendation of
the Kistiakowsky Study'Group. Charyk got his wish and Samos |

became part of a new Air Force organization known as the Air

13
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Force Project Office which subsequently became the‘Secretary of
the'Air Forcé Special Pfoject 6ffice (éAFSf). The new Samos
project office in Los Angeles was to be housed'in the same
buildiné as the new Space System Diyision. It WOuid have direct
access to all Air Force résourceé: Atlas booster; Agena
spacecraft; 1aunching site at Vandenberg AFB; tracking and
control services at Sunnyvale, Caiifornia; and recovery services
at Oahu, Hawaii. Brig. Gen. Robert E. Greer became the first
SAFSP director. He had previously been the Air Force's aSsist_ant~
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 publiciﬁy releases on an Air
Force space project.?0

Another factor that #ffected the GAMBIT program was the
formal establishment of the National Reconnaissance Office in
September 1961. Now, all national collection réquirementé wenﬁ
through the NRO aﬁd its Satellite Operationg Center (SOC) located
in the basement of the Pentagon. Joseph Charyk became the first
Director, NRO and GAMBIT became the firsﬁ full-scale venture of
the new organization. Charyvk assigned the GAMBIT Projéct to

Program A (Air Forcg) at SAFSP. It proceeded independently from

0%
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the CORONA project and the CIA satellite effort (Program B).

GAMBIT Development

Two monthé earlier in March 1960 Eastman Kodak submitted
proposals to the Air Force and the CIA for the development of a
77-inch (focal length) camera for satellite reconnaissance.
Building on its development work for the CIA’s CXCART aircraft
program, Kodak suggésted that the new high performance
catadioptric lens camera might be Suitable for satelliteé.11

In June, Kodak proposed a 36-igch camera system to provide
convergent stereo coverage of Soviet territory. Termed
"Blanket, " Kodak claimed thé new system could 5e made operational
 in a short period of time bécause-it was based on existing
fechnology from the OXCART program. Kodak officials, Arthur
Simmons and Herman Waggershauser, showed the proposal to Edwin H.
(Din) Land, one of Eisenhower’s scientific advisorsQl'Lana
enthusiastically brought the proposal-to the attention of Air

Force Under Secretary Joseph V. Charyk. Charyk, too, was

HOXCART was the next generation of manned reconnaissance
aircraft. Although originally developed to overfly the Soviet
Union, it never did. Improvemerits in Soviet radar and the SAM
missile made such overflights impossible. The Air Force version
of OXCART was known as the SR-71 or Blackbird.

15
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interested; He'liked the Kodak proposal,.a fiim—only recovery
- scheme like CORONA with a very higﬁ-acuity, léng'focalélength"
‘camera. Inldiscuésion with Charyk, Kodak officiéls éonfidently
projected the feasibility of providing a surveillance camera with
2- to 3-foot ground resolution with high-acuity stereo coverage.
AAmonth~later; on 20 July, Kodak éffered a modified proposal
which integrated the 77-inch camera with the stereo features ahd
film reéovery techniques embodied in "Blanket." It termed the
new proposal "Sunset Strip" after the popuiar television sefies.
This was promising technology for new orbital reconnaissance .
§ystems. |
In September 1960, Charyk met with Greer; Col..Paul J. Heran
(Chairman of the E-6 Source Selecﬁién Board) and Lt. Col. James
Seay (Greer'’'s procurement chief)_to review proposed satellite
programs. All agreed to proceed with béth E-6 (which had the _
: o
potential of being twice as good as CORONA) and the Kodak "Sunset
Strip" proposal. Charvk directe& that "Sunset Strip" be
deVeloped on a cover basis, hidden in the E-6 program. He set
initial funding at — for R&D study funds for the
balénce 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

16
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without any outward indication ﬁhat suchqa program existed.1?

At the same time Charvk movgd to hide fhe GAMBIT project, he
also shiel&ed it from the over-all Air Force Samos progranﬂ
cutting out the Strategic Air Command,. the Air Force Ballistic
Missile Division, and the Air Force System Cbmmand. They all
objected strongly to "losing" Samos. Charyk.laterlreflected that
it was extremely difficult.limiting “ﬁeed to know" especially
when everyone believed they were working on a strategicaily
important prégram. 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-inch camera development program was well
publicized, Charyk and Greer féllowed the earlier CORONA
precedent. They terminated the Kodak study'contract for "Sunsét'
Strip" as "no longér required" and simultaneously authorized
K&d&k to continue the development as'a covert effort. As the
"Sunset St:ip' activity closed and Kodak personnel nominally
shifted to other Kodak projects, they actuaily'movedAinto a new
facility in a different building and resumed their work.

In establishing the CORONA program, Bissell and Ritland followed

12%
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much the same procedures.
The complex, involved, security ﬁfocedures for GAMBIT
"cover and deception," in retrospect seem overdone. Thére.were
few challenges df threats to the syétem or the disclosure‘of

GAMBIT .

Getting Pictures

While putting the rather elaborate security system in place,
both Charyk and Greer agreed that their real job was to_?éet
pictures," the objective of the national éatellite~reconnaissance
program. Although Charyk initially balked at Eastman Kodak's
demand for a séven-percent profit margin on camera developmént,
by January 1961, he and Kodak had reached agreement.

Greer supported Kodak. ,AccorAing to Greer, the fee was not
exceséive. He based his judgment on the U-2 cﬁmera expenses and
Kodak'’s "unigue 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

5%
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- Kodak. There Qeré no alternatives."16 Generai.Electric’s Space
Division was to build the orbital-control vehicle. By mid-1961,
GAMBIT had evolved into a 15—foot long,.five-foot diameter space
vehicle. |

Tﬁe GAMEIT payload embodied a Maksutov f/4.0 lehs (both
reflecting and refracting elemenﬁs) similar to an astronomical
teléscope with a 77-inch focal length and a clean apertufe of
19.5 inches. This lens, when flown at a nominal 95 nm altitude
was t§ produce a ground resolution, at nadir, of ffom 2 to 3
feet. GAMBIT was to carry 3,000 feet of 9.50-inch diémeter, 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 thatrthe projected image moved over the
earth. The camera would image a strip on the earth 10.6 nﬁ wide.
It possessed the capability of photographing specific targets
whicﬁ were off the immediate orbital trackvthrough oblique
pointing. The planned weight of the total photographic system
was 1,154 pounds.
The high resolution requirement for GAMBIT imposed a need

for accurate orbit maintenance over a péribd of several days and

for an ability to rotate the camera section about the vehicle’s

16%
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roll axis. The GE orbital control vehicle (OCV) waé to be
capable |

of vérying the roil attitude from 0° to 45° and of performing 350
roll maneuvers at an average roie of one.per seéond. 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 whiéh were mounted infrared horizon scanners and an
integrating gyroscope. The horizon sensors measured pitch and
roll error; the gyro measured yaw error. Control movements wefe.
dependent on several jet-nozzle apertures. A set of four rocket
engines, each capable of producing 50 pounds‘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-1l)
to power the booster engines -- each generating 154,500 pounds of
thrust and a 57,200-pound thrust sustainer engine. The Agena-D
upper stagé used 13,234 pounds of fuel to power its 16,000-pound
thrust engines. | |

After exposure, the cameras film was wound up in fhe
récovery vehicle (RV). - At the end of tﬁe mission, the RV was

separated from the OCV, spun up on its axis of symmetry by a

20
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cold-gas system, and then debooéted from orﬁit. Parachute
deployment was to-occur at‘55,000 feet. The initial recovery
vehicle was intended for land recovery. 1In fact, in October
1961, Charyk approved the uée of the Wendover AFB in vtah for
GAMBIT land recovery operations and the State Deﬁartment opened
negotiations for an additional — for
controlling the orbital vehicle and for safeguarding the proposed
land recovery process.” At this point, bo;h Kodak and GE

_ appeafed to be ahead of scheaule in'completion of their design
concept. ﬁy 1 August 1961, a GAMBIT launch date in January 1963
appeéred possible.

Even with progress in the GAHBIT program,.by January 1962,
the need for an on-orbit, high-resolution, photographic
reconnaissance system was éven more critical. The Samos E-5
program had been cancelled aftér a series of failures aﬁd CORONA
was .experiencing operational difficulties. DNRO Charyk, under
constant pressure to get quick and éffectivé results from the
satellite reconnaissancevprogram; wanted to accelerate the pace
of GAMBIT developmént and improve its product.‘ In discussions
with Greer and Quentin A. Riepe, the program director for GAMBIT,

however, it soon became clear serious problems remained and that

1%
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ahy quick fixes wouid seriously degrade .the photography. There
‘was general agreement that the earliest possible date for the

initial launch would be May rather than February 1963.

Problens

The National Security Council 4NSC).program directive in
1960 approving GAMBIT specified the development of a land
recovery program. in the climate of the early CORONA program,
land recovefy appeared to be a useful option,rless risky, more
reliaﬁle, 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 aircfaft. By July 1962,
howeyer,<the reasohs for disﬁrusting air-sea recovery methéds.

- seemed less valid. The improving capability of the CORONA RV and
the géod performance of the overwater recoveryﬁsystem convinced
Greer of the feasibility of using a CORONA-like RV on GAMBIT.

The GAMBIE RV was then 500 pounds over design weight and
most of the overweight derived from complications introduced by
the land recovery requirement. bver-water 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
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- sorts of accessories - hatch covers and abiative 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 ésked GE to do a quiet study of'“gluing the
DISCOVERER capsule on the front end of GAMBITf“18

Greer was attracted to the concept by the potential of major
savings on weight, cost, and launch schedule. More than 606
pounds of orbital weight could be saved by going to an overwater
recovery mode. Over— in facility funds for the
Wendover range could be cut from the budget. Most importantly,
wiﬁh a modified CORONA RV, GAMBIT éould maintain its launch
schedule. After listening t§ the various arguments, including
the GAMBIT program office which félt that the land recovery
approach was still the better option, on 18 September Charvk
autﬂorized Greer to begin immediate development‘of a CORONA-type
recovery system for GAMBIT in prepafation for a June 1963 first
flight date.:®

The switch tb a CORONA-type water recovery vehicle markedly
simplified the entire GAMBIT systeﬁ and probably saved thé

program. It did not, however, eliminate all problems. While

is*x
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work on the camera payload at Eastman Kodak continued to
progress, -major p:;:oblems threatened the launch date schedule.
The optics for GAMBIT were to be larger and lighter than any
previously built for space. The —made the
primary and stereo mirrors. Using large boules of very pure
fused silica glass, - engineers joined the sections in an
— fashion. The fusion operation was extremely
delicate: heated too long or at too high a temperature, the
structure became a molt‘én blob, too low.é. temperature or too
_shoff: a time prevented the parts from fusing properly. -
shipped the large, lightweight blanks to Kodak for figuring and
polishing at its special facility, -

Frederic Oder, director of Spécial Projects at Kodak and
familiar with the CORONA RV from‘his ‘previous work on WS-117L,
favored the use of CORONA technology on GAMBIT. ;(odak had

originally planned to keep the film path pressurized including

9Kodak set up a special unit to deal with GAMBIT. The entire
project was located at ]I D:r. 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.
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the film chute and take-up cassettes. Using his CORQNA
background, Oder ﬁrged the adoption of a nonp:essurized film
path. This simplified the process éna allowed the GAMBIT film
load to be accoﬁmodated in aTCORONA—like RV without serious
modifications.

~ Kodak was also having problems attaching or cemeﬁting thé
silica mirrors to their metél 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 p;essure on-delivéry time and flight schedules.®

‘The Orbital Control Vehicle (0OCV) development by Genéral
Electric, in its Valley Forgé, Pennsylvania facility, was another
story. Repeated failures in such va;ied experimenté as theA
harnesses, bower supplies, b&tteries, command systems, horizoﬁ
sensors, rate g&ros, environmental doors,and pyro devices, caused
major cost over-runs and seﬁerely'threatened delivery
schedules.® ;

The prevalence of cost over-runs, particularly at General
Electric, the threat of new schedule slippage, and the increasing

cost of the GAMBIT program greatly concerned Charyk. At the same
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2*x

25



NRO APPROVED FOR
RELEASE 17 September 2011

time, pressures cqntinued‘to increase for hard intelligence on -
the Soviet Union. The Cuban Missile Crisis pf Oetober 1962 added
to the sense of urgency. |

At a meeting with ‘the President'e Foreign Intelligence
Advisory Board and the "special group" of the National Security
Council, CharYk characterized'GAMBIT as "imperative" end urged
that the program be pressed with a "maximum sense of urgency."
"No reasonable steps," Charyk argued, "should be omitted to
guarantee its success et 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 |

Discduraged about ;he rate of GAMBIT‘progreSs) Charyk
suggested to Greer a management chahge. 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. Wiiliam G. King. King had ; lohg experience with

satellite reconnaissance. He had been Samos program director in

BSee*. Most of the Samos program’s photo-oriented
reconnaissance had been canceled and the E-6 program was

experiencing grave technical problems -- four failures in four
tries. _

26



NRO APPROVED FOR
RELEASE 17 September 2011

the late 1950s and was one of the first to recognize the

'advantagés of film recovery téchniques over the technically more

difficult readout systems. At the time'of his appointment to
head the GAMBIT program, he was seréing és Greer;s'special plans
6ffiéer.“ |

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,lgonfirmed-by
Charyvk, was to "glue op" 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 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

z4'Greer's instruction to King emphasized tﬁese goals: 1) stay
within budget; 2) stay on schedule; and 3) obtain one good picture.
See*.

#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 employed successfully for two years.) GAMBIT
officials assumed that the pressurization of the film cassette
would have to be continued in the new recovery capsule. See *.
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scaied up the COﬁONA capsule,.making iﬁ deeperland inéfeésing its
base diameter. The result was a completely new capsule which
required an extensive test program. The cost also éscalated.

King sﬁggested that the origina1 intent of the CORONA
modification be reinstated and that the rapidiy expanding GE
development effort be stopped. Greer, who had originally ordered
that changes té 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 frém 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 Systeﬁs
Command (AFSC). General Bernard SChriever, commandef of AFSC,
had been a major force in establishing the Aif Force space
program. Schrievgr believed strongly that all Air Force space
aétivity should be under AFSC management. He made several
determined but ultimately unsuccessful attempts to regain

"ownership." High priority space programs would from now on
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N

report directly to the Office of the Sec;etary-of the air

Force.3

King continued his tedhﬁicai review of the GAMBiT program by
questioning GE’s untested OCV and its attitude-gohtrol subsystem.
In order to improve the probability of early GAMBIT‘flight
successes, King and Greer sugges£ed that the Agena, at least for
the first three flights, reméin connected to the OCV. The
‘reliable Agena, whilé not as precise as the GAMBIT system, could
provide a_stabilization and control mechanism to stabilize ﬁhe
GAMBIT camera long enough to secure operating experience and
proof of system féasibility. Flying in this “hitch-up"
configuratioﬁ 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-joiﬁt 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 LAN?ARD roll-joint

could stabilize and control the vehicle.
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As was the case with the CORONA reentry capsule, the roll-
jointvtechnology was.unknown.to most GAMBIT people. Because of
the high degree of security compartmentation in the.
reconnaissance program strucﬁure, 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.) thet 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." Lookheed thus
delivered the finished roll joints to the GAMBIT program as
Ehough 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 (includind a receiver), a sepafate
magnetometer, and its own stabilizetion gas supply. All were
independent of the main systems. If ehe primary reentry systems

became inoperative, "Lifeboat®" could be separately activated.
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'Lifeboat“ had proven its valué on 56vera1_occasions with CORONA. .
Charyk formally approved adding "Lifébbat,"."hitchup," and
"roll joint" to GAMBIT on 19 December. “"Lifeboat" waé to be a
permanent part of GAMBIT, "hitchup" was t§ be used on just the
| first four vehicles and then on.a flight-by-flight basis. "Roll
joint"™ was to be'déveloped 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 propésed schedule of June. Both knew the risk,
buﬁ additional overruns or schedule slippage could put the
‘program in danger of being cancelled.:® US policymakers demaqded
useful intelligence images of Soviet tafgets.
| When Charyk resigned as DNRO on 1 March 1963, Dr. Brockway
McMillan of Bell Teiephone Laboratories replaced him. A;l seemed
to be procéeding well with GAMBIT. B& May GAMBIT waé 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 pressu#e on the Atlas 190D. The

booster collapsed on the pad, dumping both the GE orbital vehicle

#The CIA program LANYARD at this point had some prospect of
filling the proposed GAMBIT role. See *..
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and the Agena on the concrete slab. The GE vehicle was sevérely
damaged, the Agena to a lesser degree. Surprisingly, there was
no explosion or fire, although 13,000 galléns of liquid oxygen
and a full load of fuel sloshed over the pad. Thé camera system
was damaged beyond repair, a large part‘of the optics demolished.
The GAMBIT projeqt team worked fﬁfiously 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.?®

Pirst Launch

22 months and 17 days after the National Security Council
decision to proceed with a covert high-resolution satellite,
GAMBIT flight vehicle No.l lifted off frdm‘iﬁs Vandenberg
launching pad on 12 July 1963 at 1344, paqifié Daylight Time.
For an instant during the launch, most‘observers experienced the
horrifiéd sense that disaster had come agaiﬁ to the NRO/Air Force
satellite reconnaissance program. The splashing.roéket exhaust
of the Atlas knocked out all electfical connections to telemetry
and cameras. It gave the impression of a major launch start

explosion. Seconds later, however, the Atlas could be seen

»Charyk resigned to become president of the newly formed
Communications Satellite (Comsat) Corporation . See also *.
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ciimﬁing.steadily towards its launch window. Climbout,
separatioﬁ, and orbital injection went smoothly. Greer and King
knew, however, it would be another 90 minuﬁes before they would
have proof that the bird was in a proper polar orbit. Itvwould
take another five orbits before the GAMBIT payload came to life.
After another nine "working’ passes, a recovery attempt wbuld be
made. There would be another wait és the capsule re-entered the
earth’s atmosphere, hoéefully surviyed 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 ahd nine, two stereo pairs, and five, 2-$ecoﬁd
strips were exposed. A prémature exhaustion of Agena
stabilization gas then forced the discontinuance of camera
bperations. Wwith the Agena out 6f 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 feet was exposed,
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indicated an out-of-focus condition for most.of the flight caused
apparently by.uncompénsated temperature changes that affected the
face of the primary mirrér and by faulty image motion
compensatiog settiﬁgs. Nevertheless, the best resolution was
close to 3.5 feet, the average resolution about.lo feet. It was
the best photographic return ever obtained_from a reconnaissance
satellite.3®

Greer, gratified by the success of the first flight,
informed King fhat he very much wanted "two in a row."s! 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 fifty-one hours on orbit, the hitched

vehicle completed 34 orbits and exposed 1930 feet of film. It
covered — intelligence targets. oﬁ the 34th
revolution, the reentry vehicle was detached and successfully
recovered by air catch. An analysis of the photographs recovered
from the second‘GAMBIT showed consistently high quality until thé
31st orbit. The resolution achieved during the initial portion |

of the fight meant the photointerpreters could distinguish such
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detail as aircraft engine nacelies, small vehicles, and evenA'
maintenance equipment. For tﬁe first time, a satellite
reconnaissance éaméra 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, Us sate11ites had filléd the
intelligence éap. First, CORONA had returned coverage of areas
most U-2s could not reach or safeiy overfly, and now GAMBIT had
returned detail not greatly inferior to that produced bf uU-2
cameras.’? GAMBIT imagery, however, was limited to only-
térgets and 1930 feet of film from GAMBIT's éecond-flight.
'Although GAMBIT'’s achievements were remarkable, it did not yet 
provide recurring coverage of the Soviet Union. Such coverage, at
.resolutions much bette: than CORONA could provide, was still én
urgent national goal.3: |

McMillan, under constgnt pressure for more pictures, wanted
future GAMBIT miséions to concentrate on obtaining the best
possible ground resolution over larger numbers of "denied area®

targets.3* MpMillan informed Greer, "...the name of the game is
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specific coverage of specific, known targets with stereo
pho;ography of the best possible quality." ~ Greer was
increasingly confiaent GAMBIT could produce the desired reéults.

GAMBIT flight three of 25 October 1963 produced photography
"better and more consistent than that of either 6f 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 footb&ll in place while
the other players moved into position. 1In a second photo, the"
players had lined up, ready for the kickoff.3

Despite the superb,resolutiqﬁ, hdwe&er, the first three
GAMBITAflights‘produced little intelligence. They did, however,
whet the appetite of the US Intelligence Community for more and
better satellite imagery.

GAMBIT No. 6, launched on 11 March 1964, seemed to bripg the
program to maturity. Despite some continuing problems, GAMBIT

No. 6 returned substantial quantities of highly useful

intelligence data -targets 36
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Continuing rroblcns

The year 1964, however, brought serious problems to the
program. From May through October 1964, six GAMBIT flights_
produced coverage on only.targ‘ets. Half of the flights
produced no coverége whatever. The best resolution degraded to
seven feet. Despite some successes in early‘1965, the GAMBIT
program was seriously ili.37 |

Maj. Gen. Robert Greer retired on 30 June. He was rép%aced
by Brig. Gen. John L. Martin who had been chief of the NRO Staff
in the Pentégon and deputy to Greer. The summer of 1965 5rought
key personnel changes as well. Dr.‘Alexander H. Flax, Assistant
Secretary of the Aif'Force for Research and Devélopment replaced
McMillan as DNRO on 1 October. Only Col. King qontinued in place
as project director for GAMBIT.3s

' 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
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became a zombie. "

Shoftly after assuming.command, Mértin faced thé issue of
whether or not GAMBIT No. 20 should hold to its eafly July flight
date. Martin decided to go ahead with the previous schedule. On
12 July Martin witnessed a comprehensive failure, the Atlas
booster shut dqwn prematurely and GAMBIT No. 20 flew a 682 mile
arc into the Pacific Ogean. ‘Martih demandgd 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 sucéessivé
GAMBIT to expeiience catastrophic failure when ﬁhe AC/DC bower
converter in the OCV failed, resulting in the loss of
.stability.“ The Intelligencé Community, increasingly dependent
on high-resolution photography to determine Soviet ICEM activity
. expressed its major concern with the gap in detailed coverage of

the Soviet program.«
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“.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 intelligence analysts
needed to interpret Soviet force status. '
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Martin, although under pressure to produce detailed imagery,
delayed the next scheduléd GAMBIT lauqch. 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 thé-éloth—covered table
and shook it hard. He paused to inventory the native and foreigﬁ
items which fell on the table. He and Kihg moved from table to
table repeating the operatiqn ﬁith each box. Martin concluded by
stating that someone or someones had to be responsiblevfor the
debris on the table. GE management responded by revamping its
organization and production and testing procedufes. They were
determined that GE hardware ﬁould 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 (MAB) .

Determined to guarantee hardware integrity, King even threatened
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to close thé MAﬁ, féfcing all coﬁtractors to deliver flight-
ready hardware to the launch site.4 |

Martin also made an exhaustivé study of the incentive
contracting in effect for ﬁhe GAMBIT program. Hé was amazed to
find that the system of rewards paid more for ugder—cost, on-
time delivery than for high quélity performance on orbit. He
observed, for example, that such a set of. values placed GE in
position to collect a healthy bbnus for providing the OCV uﬁder
cost and on time despite the failuré rate on'qrbit. "To the
contractor, the arrangement stfessed ﬁhe cost faétor far more
than the performance factor. The result was that GE was
motivated té delete és many control,ana test proéedﬁres as
possible in order to save money and time in producing the oCv.
Takén to its logical extreme, the incentive fprmnla could résult
in the délivery of a minimum cost vehicle which failed
catastfophically, but, noﬁetheless; earned a premium for the
contréctofs. Martin shifted the focus of the incentive system
from cost to berformance. ﬁartin's new system placed'the
emphasis on orbital performance and provided large bonuses for

on-orbit success.#®
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‘GAMBIT No..23,'iaunched_on 8 November 1965, was the first '
sételiite to have fullbbenefit of the new test.and inspectioﬁ
regime. Unfortunately, it too quickly succumbed to flaws.and
during its 18-revolution 1j.fetime photographed - targéts.
The Martin-King plan for improvement in the éAMBIT program,
however, continued unrelenting. It finally paid off. The next 10
fligl;lts were all qualified successes. From January to October
1966, the NRO launched GAMBIT satellites at‘a rate of ;bout one
per month. They routinely returned photographic intelligence of
high éuality, covering more than a—targets in each
flight. "Best resolution® range from 2.5 feet —
— 2.0 feet. By the thi;d anniversary of the GAMBIT
flight program, 12 July 1966, GAMBIT had extended its longevity
from one to _eighﬁ days on orbit; had increé.sed the humber of
targets from —and had improved resolution from 3.5 feet
to 2.00 feet. The last GAMBIT mission, No. 38 (KH-7), flew on 4
June 1967. It was replaced by'the highly successful GAMBIT-3

program, 4

“4gee later discussion of GAMBIT-3.
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_GAHBIT-l Summary

' GAMBIT was the first operational US satellite system to
return high resolution photography consistently. An Atias-_
Agena booster combination launchéd the GAMBIT into orbit.
General Electric built the orbital control vehicle‘which housed
the camera system. Eastman Kodak developed and manufactured the
camera system itself yhich was originally designed around a lens
of 77-inch focal length, producing photographs with a'ground
resolution of two to three feet. GE built the recovefy capsule
which was adapted froﬁ the CORONA prograh} The first GAMBIT was
launched in 12 July 1963 and flights continued until 4 June 1967

when GAMBIT-3 replaced the GAMBIT-1 system.
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Even before the launch of the first of the'GAMBIT
‘reconnaissance satellites in July 1963, US planners discussed the
need fpr an even greater capability system. GAMBIT, with its two
to three-feet resolution, (i:hree.to five times better than
anything COR‘ONA produced) could produce significant operational
and technical details on Sovi_et weaponr§. But, they believed,
even greater intelligence on the Soviet'é could be obtained :|.f the
United States developed an imaging system that could return
ground details of — Intelligence Community
analysts wanted "more."

In the early 1960s, the dominant factor in obtaining higher
resolution tendea to be focal length and pointing accuracy. Long
lens systems created enlarged image‘s 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

sWhen first considered, GAMBIT-3 was informally referred to
as Advanced GAMBIT, and G?), or G-Cubed. G-3 eventually became the
accepted designator for the successor program, although upon the
completion of the original 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.
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satellite operationsf In December 1963, Kédak employees, Charles
P. Spoelhof and James ﬁ. Mahar, presented their ideas for an
advanced‘GAMBIT‘system to DNRO Brockway McMillan and Gen. Robert
Greer. Following the pfesentation, McMillan approved the
development of an improved, higher resolution, GAMBIT program.

The crux of Kodak'’s proposalvwas a system that would exploit
‘the pointing accuracy of GAMBIT-1 and a camera with a I
focal length lens. Kodak engineers believed that resolution Qf
— coull'd be obtained, assuming imagery from an
orbital altitude of 90 miles. Spoelhof and Mahar also proposed
that thg 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 propulsiop and the on-orbit initial éubsystems.
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, véry-low-coefficient-
of-thermal-expansion Invar (an iron-nickel allby) for both the

optical barrel and related assemblies, and a new thin-base (1.5

a6 *
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mil) high;resolution film with an exposure inde# of 6.0. (The
film was roughly three ﬁimes more’sensitiﬁe than the f£ilm then in
use on GAMBIT-1.) |

Concerned that thé new program might have mhjor problems in
producing the larger optics and that the improved film could not
be délivered 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 boosterrcombination, -McMiilan wanted an
option of using the new Titén—III booster which would provide forA
a greater payload weight.

King and Greer worked out the remaining major elements of
the GAMBIT-3 concept in January 1964. Thei; plan called for the
entire GAMBIT-3 program to operate under the purview.of the SAFSP
They called for an initial flight iﬁ Jﬁly 1966. The GAMBIT-1
system wouid continue until GAMBIT-3 became operational.

Because of DNRO McMillan’s strong interest in the Titan as a
possible booster for GAMBIT-3, Greer ;nd Kingltaskedeockheed in
July 1964 to study Agena coﬁpatibility with the Titan-III(x). In
October 1964, on the basis of'the Titan III(x)-Agena study .
carried oﬁt'by Lockheed, Greer's staff prepared coét estimates

for switching from the Atlas-Agena. Consideration for making the
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. change included the desire to use the Titan'IIi family Sf
boosters for other Air Fdrce spaée missions, the potential
versatility and on-orbit weight-growth qapability, and the
iikelihood thatva new search system replacing CORONA VWOuld rely
on Titan III boosters. ﬁespite.the fact that the Atlas was
considered the standard launching vehicle for the Air Force, DNRO
McMillan 6fficially approved the switch to Titan ih bctober 1964.
Although this increased coét 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»wi;h 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 feported 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. The primaﬁ:y mirror—
- in diameter and the stereo mirror — by
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—. ‘These optics were larger than those of niany

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 original}y anticipated.
Kodak originally gstimgted that each of the two mirrors would
require around 800 hours of grinding, polishing, testing, and
coating to finish. The eariy mirrors took 3,066 hours per
mirror. Because of mirror-fabricétion problems; Kodak was three
months behind schedule. Kodak’'s problém was compounded by its
underestimation of the needed engineering manpower. The company
experienced a major shortage of technical people, apparently
from an over commitment of resources. Kodak was working
simultaneously on GAMBIT-1, GAMBIT-3, a lunar camera for NASA,
I - -
proposed new search system that later became the HEXAGON program.
The final determination for fabrication, fused silica with
- construction, for the primary a.spheric m:i.rréi substrate
and the return to comventional polishing techniques, pushed the
production schedule ahéad; " By Japuary 1966 there still existed
considerable doubt that the hidh-speed (E.I.G.), high resolution

film on which GAMBIT-3 depended, would be feady for use in
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iuitial flights. If it was not ready, ths fall-back film, with
an index of 3.6 and a resolution capability‘of 110 lines per
millimeter, as against the 130 linés ASA 6.0 film would be used.
It would build a certain amount of smear but uhere was no
alternative. 1In fact, the new film did not become.available
until June 1968.

Given their experience with GAMBIT-l, Greer and King also
introduced another innovative management technique. In contrast
to the extensivs testing at the launch site that characterized
GAMBIT-1, testing that fregquently brought substantial‘rspair 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 compsnents operated within acceptable llmlts. 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, usinglAir Force C-130 .

ax
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aircraft and Navy range ships.  An NRO agreement with the US Navy
brovided’for the Navy to support these recoveries with two sﬁch
range ships. As the first GAMBIT-3 launch approached, the Navy,
however, had §nly one ship on duty station.~ NRO program officers
requested additional Navy support through the Office of the
Commander-in-Chief, Pacific Fbrces (CINCPAC), which controlled
all Department of Defense assets in the Paéific. 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
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 preéedence message to CINCPAC 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? s

GAMBIT-3 Becomes Operatiocnal
On 29 July 1966 at 11:30 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.) VTwo hours

%
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.later, Sunnyvale reportea, “All syst‘e;ns appear normal." 'I‘he>
first GAMBIT-3 performed éxceptionally well. The satellite
achieved a near-nominal orbit. Its mission lasted five days
during which it acquired a total -targe‘ts of which -were
successfully "read out."+ |

The overall quality of the imagery from the first GAMB‘IT—3
mission was -better than that obtained from any GAMBIT-
1 mission (a - best resoiution as. opposed to a GAMBIT-l‘
best of —) .50 Although the primary optics fell short
of the desigh goal of —,_ the intelligence provided by this
mission was the highest of any reco_nnaissance satellite to date.

The fate of GAMBIT-1 was now seaied, Valthough DNRO Alexander
Flax was extremely reluctant to cé.ncel any planned GAMBIT-1
launches until GAMBIT-3 actually demonstrated a consistent le.vel
of capability. Director of Central Ihtelligence Richard Helms,
however, felt strongly that the success of GAMBIT-3 warranted
cutting back GAMBIT-1 launches. The Uhited States Intelligence

Board’'s (USIB) Committee on Overhead Reconnaissance (COMOR)

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

$0The best GAMBIT-1 would ever Achieve would be _
50 ‘
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proposed, after listening to the arguments, .that nine GAMBIT-1's
and eight GAMEIT—3's be approved for the FY 1967 flight-schedﬁle.
Contemporary launch schedules called for tﬁe launch of GAMBIT-
1l’s at the rate of one per month. The decision to proceed with a
mix of GAMBIT—l-and.GAMBIT-3'was based on the perceived greater
cost of the new system.(GAMBIT—3), and the concern that success
in éll of the scheduled missions would cause the exploitation and
analytical elements to be inundgted with high resolutioﬁ imagery.
The concern was real.

During the 11—month period, Juiy 1966 to June 1967, the very
success of GAMBIT-3 created # new problem for US officials by
returning huge quanﬁities of survéillance—quality photogréphy.
The shear volume overwhemed US photointerpreters. The United
Staﬁeé now had-three successful satellite systemé routihely
returning large quantities of imagery: CORONA, GAMBIT-1, and
GAMBIT-3. The Satellite Operatién Center (SOC) in the Pentagon
was also feeling_deluged. It was barély able to cope with GAMBIT

and CORONA. GAMBIT-3 made it possible, for the first time, to

ity s o
I -

officials could, and did, for example, observe the rate the new
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Soviet-Chinese border.®

Despite the success, DNRO Flax ‘vias less than euphoric. Best
resolution of -fell well short of the planned resolution
of - He, nevertheless, cancelléd the final f'ive GAMBIT-1
missions on 30 Juné 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_ :'extrexnely important int:ell:i.gence."‘52 He saw it as a
striking success. Flax’s more cautious optimism proved
prophetic.

By‘v late 1967 the inéde(zuacy of the GAMBIT camera system

remained an unsolved broblem. 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. Improvements were on the way,

however, as Kodak continued its work on i:i\proving the mirror

S5iSee *. In September 1966 Col. King transferred to command
the Air Force Satellite Control Facility. He was later promoted

to the rank of brigadier general. He was replaced as director of
the GAMBIT System Program Office by Col. _

52%
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substitute materials and the high4speed emulsion on its ultra-
thin base film. Kodak introducéd its new film on the 1l4th
GAMBIT-3 flight on 5 June 1968. By the 27th flight it exceeded

all expectation.53

A Chance Encounter

GAMBIT program officials strongly believed that neither the
Soviets, nor aﬁy one 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,
which, US 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.”

The Block II Program

One of the major innovations in the GAMBIT-3 program was the
introduction of a secdnd recdvery vehicle. It eventually became
known as the‘Block IT program. Growing national intérest during
the period of GAMBIT-3 development in creating a satellite

capability of quick reaction to world-wide crisis situations

£3k
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dioVe concepts for improving GAMEIT-B.‘ As_early aé.danuary 1965,,
" DNRO McMillan informed Secretary of befense, Robert McNamara, of
studies underway for providing GAMBIT-3 with sﬁch 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 systeﬁ, 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.s
Fortunately, owing mostiy to McMillan’s foresight, the Titan
booster used for GAMBIT-3 had excess lift capability. The
addition of a secona reentry vehicle and more film capacity,
while they greatly increésed‘GAMBIT-3's weight, did not exceed mf: T>
the Titan lift capacity. Work began on the Block II series of
GAMBIT-3 in late 1966. The double-bucket GAMBIT was ready by the
fall‘ of 1969. The fifst Block II vehicle (GAMBIT-3, no. 23) flew
on 23 ‘August 1969. After this first sucéessful Block II flight,
the program suffered a series of anno&ing proﬁlems, from péor
}o:bits, to failed parachutes, to program malfunctions, which kept

it from reaching its full potential.ss

w5 %
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‘bespite the naéging problems., the resolution of GAMBIT—B‘
cémeras continued i:o increase. It went from a previous best of
—. Operational 1'ongevitﬁy also increased
from ten days to 27 days. The -, under development by
Kodak for several years, was .finally introduced in 1971. It
brought an immediate —performancé improw}ement in the
camera system. With a focal length of —
permitted GAMBI'f resolution tcvl. surpass even the- previous

best. Target coverage also increased from- to a no_rmal

—for the JJJj version of camBIT.

A i’ully Mature System

| By August 1977 GAMBIT-3, with 48 vehicles flown., Waé a fully
mature, successful satellite program. During the next séven
years, GAMBIT-3 continued to steadily improve its performance.
Time-on-orbit went to three to four monthé for'éach flight.

Resolutions of — became normal. Target cow}erage

also increased significantiy. a1l 38 GAMBIT-1 missions

photographed — targets. GAMBIT-3 mission no. 53 . of 15
April 1983, alone acquired -targets. By the. time of the

last GAM:BIT-3» flight in 'Aprill 1984, GaMBIT-3 was still producing
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the high quality imagery which maintained its preeminence in

technical collection.ss

Summary

The CORONA program provided US policymakers, for the first
time, a capability to mbnitor military and industrial
developments over vast areas of the Soviet Union and other denied
areas of the‘ world. Although CORONA provided immeasurabley
contributions to national security, its resolution was not good
_enough to answer nu.merdus critical intelligence questions
regarding Soviet weapons develcopment. Nor could it provide the
iniage quality needed to provide true science and technology
analysis. GAMBIT filled this gap. By the end of the program,
GAMBIT routinely collected imagery of -ground resolved
distance (GRD) orA better. |

GAMBIT imagery closely monitored

GAMBIT imagery could identify

— GAMBIT also provided insight

s¢The development of near-real time imagery systems made the
GAMBIT-3 film return system obsolete.
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This information was vital to US strategic planners. GAMBIT

information was also used to provide —

information. Its high resolution allowed US phdtointerpreters to

perform

Us

policymakers and defense planners also were able, through GAMBIT

imagery,

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 US intelligence in a message to DNRO Pete
Aldridge:

When the GAMBIT Program commenced we were in 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 years 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
years, 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

57



NRO APPROVED FOR
RELEASE 17 September 2011

scientific and technological military developments, which is 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 levels of our Nation’s government.
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Introduction

GAMBIT was primarily an NRO/Air Force program to deveiop a
high-resolution "spotter-type" satellite. It caused few
‘bureaucratié turf battlés and became highly successful.
Proposals for and the development of a second-generation search
satellite to follow CORONA, howevér,vbecame embroiled ih major
bureaucratic cbnflicts between the NRO and the CIA.

Despite the bureaucratic in-fighting, the develoﬁment and
operation of the HEXAGON photo—reconnaiésance satellite system
provided US policymakérs 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 US-intelligencé users
with vast amounts of intelligence information on the Soviet Union
and other denied areas. It also colléctéd unique mapping,
charting, and geodesic data, large-scale contiguous imagery
within specific geometric accuracies. 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 ICEM

complex or mobile missile placement became invaluable to US

59



NRO-APPROVED FOR
RELEASE 17 September 2011

negotiators working on arms-limitation treaties and agreements.

Origins

In May 1963, DCI John A. McCone convened a Scientific
Advisory Panel under the chairmanship of Edwin Purceil, Nobel
laureate and professor of physicé 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 completelf new (search)
system which would provide equally wide coverage (as CORONA) with
a modest improvement in resolution (5-feet, say, instead of 10-
feet ground 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)
Wheelqn, to explore the requirements and possible configuration
for a second generation search satellite to replaceICORONA. One
of the major questions confronting Wheelon and his staff was the -
degree of resolution needed to fulfill the various'fequirements
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 Sﬁates
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Inteliigence Board (USIB) targets to determipe the kinds of
coveragé needed.. A detailed experimént, whichvincluded 25
National Photographic_Intelligence Center (NPIC)
photointerpreters, concluded that the majorify 6f USIB targets
could be properly identified using imagery with a resolution in
the 0.6 to 1.2 meter (2 to 4'feet) range. Due to the cost of‘

- booster rockets, Wheelon concluded that an éntirely new camera
system with a longer focal length covering a large swath wpuld
have to be de&eloped to meet such target requirements.

While Wheelon and Maxey continﬁed to work on their study,
CORONA's Performance Evaluation Team (PET) aléo looked at the
problem. The PET investigation effort examined the possibility
of "scaling up" the CORONA camera from the existing 610 mm (24-

“inch) lens to a one meter (40-inch) lens while maintaining the
same “acuity." According to the PET report, "scaling up" could
improve CORONA resolution without having to design an éntirely

new camera and satellite.s

’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 imagery. 1In 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, KH-
3, KH-4, KH-4A, and KH-4B cameras. Any increase in the focal
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DNRO Brockway McMillan and his NRO staff strongly sgpported

the Purcell Panel and PET recommendationé. This sparked a
growihg debate between the NRO aﬁd the CIA over the development
of a follow-on system to CORONA . 58 |

: Crifical of the NRO position, McCone asked forla meeting
- with Deputy Defense Secretary, Rosewell 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 1eading optical experts to explore the issue qf
improving satellite photography. Chaired by Sidnéy Drell of
Stanford University, the group met on 13 November 1963 to study
image quality. The Drell group fiﬁdings basically supported the

CIA contention that the United States needed a new system which

length would have required a spacecraft with a larger diameter and
greater payload capacity. It would have meant abandoning the heavy
refracting-type lenses and developing 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.

stMcMillan 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. See *.
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wbuld provide CORONA-type coverage with consistent GAMBIT—typéV
resolution. At the same time, in order to augment these stﬁdies,
Wheelon asked’for additional reports from Itek and Space
Technology Laboratories (STL) of the Thompson-Ramo-Wooldridge
(TRW) Corporation. All éeemed in agreement. A new system was
needed to meet the growing requirements of the Intelligence

Community for high quality imagery and expanded coverage.

Project runcnnu

Following up these studies, in May 1964, Wheelon directed
Itek and STL to prepare a joint proposal for a satellite system
that could replace both CORONA and GAMBIT. The Itek-STL proposal
recommended a 2,495 kg (5,500 poﬁnds) payload containing two,
¢ouhter-rotating Itek cameras in an STL three-axis stabilized
spacecraft with~a simple recovery system. A modified Titan II
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 meter (60-inch) focal length employing a
corrective lens, beryllium mirror, and eggerate quartz ﬁéin '
plate. The cameras would provide a nadir resolution from 0.8 to
1.2 meters (2.7 to 4 feet) at_an‘altitude of 185 km (100 miles).

In his memorandum recommending NRO/CIA funding for Project
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FULCRUM, Whéelon suggestea the program could be developed within
24 months. He also stressed the cost savings. According to
Wheelon, by replacing the CORONA and GAMBIT programs, the
government could Save—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 théoretically had responsibility for all
reconnaissance satellite development. Deputy DirectorvResearch
and Engineering (DDR&E), Eugepe 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 MbMillan 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

s’sWheelon estimated that a single FULCRUM launch éould return
as much film as the CORONA and GAMBIT programs and cost less.

64



NRO APPROVED FOR

RELEASE 17 September 2011
‘technical feasibility of the FULéRﬁM p;oposal. The group met on
26 June 1964 and issued its recommendations the same day. Lénd
called the broposed 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 Juiy
1964, formally presented a plan to McMiiian for iﬁitiating
FULCRUM. After conferring with McMillaﬁ, on 8 July, Deputy
Secretary of Defense, Cyrus Vance, cautiously suggested ﬁhat the
DNRO complete comparative studies and explore all possible
alternatives before cormitting to the new system. He,
nevertheless, authorized the CIA to pursué *design tests
necessary to establish the.feasibili:y 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 developmeﬁt 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 needrfor a search and

surveillance system capable of CORONA coverage and GAMBIT
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resolution. Tnis_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 from‘industry.) He
also brought in Leslie Dirks as project engineef. In addition,
Wheelon nroposed to McCone that the CIA sponsor two competitive
design efforts for the film-handling system for the FULCRUM
caﬁera. At the same time, Wheelon initiated spacecraft and
recovery vehicle competitions. Itek won the camera competitionm.
General Electric (GE) became the spacecraft contractor and Avco
the reentry vehicle designen. These CIA efforts touched off a
bureaucratic donnybrook with the NRO and DoD that threatened the
very fabric.of the US National Reconnaissance Program (NRP) .&
McMillan and the NRO believed Wheelon.and the CIA had
exceeded theif 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 Thlrd NRP

Agreement that gave the NRO spec1f1c respons;bllity for the

60%
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spacecraft and SRV. McMillan protested that the CIA should 1imit
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 knoﬁn as
5-2}. Eastman Kodak and Itek completed S;2 preliminary designs by
September 1964. Even after the formal approval of the CIA’s
FULCRUM project, McMillén approved fﬁrthet camera studiesvat
Fairchild Camera and initiated studies for a new orbiting vehicle
at both Lockheed and General Electric in support of S-2.6

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

©2The ExCom was made up the DCI, John McCone, the Secretary of

Defense Robert McNamara, and the President’s Scientific Advisor,
See *. :
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surveillance satellite and the CIA agreed to participate,
cooperation between the CIA and the NRO became virtua11y>non-
existent. 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 thét, "his organization was not persuaded that the steering
group was a proper or good jdea."st Given this attitude, the
steering group accomplished little.

In this fight; McMillan and his NRO staff stood virtually
alone in attempting to defend the authorities of the NRO.
Secretﬁry of Defense McNamara and mbst of the Defensé Department
were preocqupied with Vietnam. The regular, 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 2Angeles, Califofnia, SAFSP officers concerned
themselvés solely with operations. They saw their role as
strictly “"birding" (launching ahd opergting sateilites). Future

systems were not their concern. Nor was politics. They saw

(1% 3
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politics as sfrictly 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.¢s

To get around the DoD’s stéering group, McCone turned to Din
Land and his panel of experts to evaluate FULCRUM.& Convening
at Itek headquarters in Boston on 23 February 1965, the panel
heard presentations on FULCRUM as well as the'othe: search system
studies funded by the NRO (S-2) by Eastman Kodak, Itek, ana
Fairchild Camera. Itek officials startled CIA dfficials when
'they announced to Land that Itek was withdrawing its support from
the FULCRUM program because of disagreements with CIA over4£he
systems specifications.¢

McCone and Wheelon had hoped and expected thaﬁ the Land

Panel findings would be the basis for early approval of FULCRUM

s5%k

*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.

?CIA and Itek squabbled over the angle through which the
camera system would scan. The CIA demanded a 120-degree scan.
Itek officials felt this angle was too large and would seriously
prejudice the FULCRUM design. See *.
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ﬁy the ExCom. ¢ Ip‘order to preserve FULCRUM sensor work and the
mOmenﬁum of the project, Wheelon quickly arranged to transfer
Itek’s government-funded Itek-design plans for the FULCRUM‘camera‘
system to Perkin-Elmer of Norwalk, Connecticut. Perkin-Elmer had
beeﬁ 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 Vice Admiral William F. Raborn, Jr., McMillan
indicated he intended to select the S-2 systém 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 Itek and Kodak) be funded for an

#In fact, the Land Panel had made no recommendation on the new
camera system by the time McCone resigned as DCI in April 1965.

President Lyndonh Johnson replaced McCone with Vice Admiral wWilliam
F. Raborn, Jr. ~ :

e
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additional three months.?

At this point ﬁork on FULCRUM virtually came to a stand-
still as DCI Raborn and Deputy Secretary of DefenSe Vance .Qorked
out a new NRP Agreement -- the fourth. Signed on iB_August 1965;
the new agreement gave the CIA 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 prbvide the
in-coming DNRO, Alexgnder Flax, with the authorities and leveraée
to resolve the bitter, divisive debate between thé NRO and the
CIA over roles and respbnsibiiities for the new satellite system.
It did not. | 7

McMillan departed the NRO on 30 Séptember 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 CIAveither. Maxey, who
headed the FULCRUM effort and was chief of the Special Projects

Staff (SPS), resigned because he felt strongly that the new NRP

“70%
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pact was too restrictive on the CIA.™

HEXAGON Development

Flax moved quickly to get the new system on track and mend
relations with the CIA. DDCI Richard Helms also moved to develop
a more cooperative relationship betwegn the Agency and DoD. He
wrote to Flax that ;he 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 and

Wheelon recruited as the new FULCRUM
program chief and John J. Crowley as Chief SPS. Crowley was, at
the time, heading the CORONA project.

2Gee *.
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technical development of FULCRUM. On 22 April 1966, Flax
éubmitted his plan to the ExCom for considération‘apd apprOval.
Now called the HELIX program, Flax recommended a manageﬁent
approach that would make the CIA OSP responsible for the entire
sensor subsystem and SAFSP responsible for the remaining systém
elements. He proposed making the Director, SAFSP, the projecf
director for the entire syétem, stating that SAFSP.waé "the only
NRP component possessihg the personnei, facilities, operational
resources, experience, and technical competence to be designated
Special Project Director (SPD) for the new general search and
'survei11ance satellite system." CIA officials coqnteréd that the
CIA’s in-house technical personnel aﬁd its relationship with the
céntractors built up over the years, gave it the capability of
pProgram management commensurate with that of SAFSP.”s

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

See *.
“The ExCom consisted of DCI Raborn, Deputy Secretary of

Defense Vance and Presidential Scientific Advisor, Dr. Donald
Horning.
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authority for developing a new search and surveillance satellite
system -- HEXAGON. Flax’'s 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 Sensor Subsystem

The‘CIA awarded Perkin-Elmer the contract for the design,
development’:, and fabricat.ion of the camera system for HEXAGON in
October}1966,'in a cost-plus-fixed-fee contract. Funding for the
period 10 October 1966 through 30 June 1967 was [ N
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 speqial effort to warn Perkin-Elmer of the
immense size of the HEXAGON project, by the end of 1966, wofk at
Perkin-Elmer was already several weeks behind» schedule. Ju'st |

manning the program was a major problem. Perkin-Elmer’'s original

sTotal 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) .
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proposal called for growth from 150 to 600 people withiﬁ four
months and to 700 by the eighth month. This rate proved
.impossible to achieve, especially given the long délays in
security and clearance approvals. Pefkin-Elmer’s lack of
extensive'electronic—design experience and shortage of electronic
engineers also created serious problems. In addition; the
- general Perkin-Elmer mﬁnégement 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, inciuding company
president, Chester W. Nimitz, Jr. (Rear Adm. USN ret.) to CIA
headquarters for ; management planning session. Crowley told the
Perkin-Elmer officials that he was "deeply distreséed 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 managemept overhaﬁl at éerkin-Elmer."'

The HEXAGON sensor subs&stem developed by Perkin-Elmer
consisted of a two camera assembly, the film supply, and four
take-ups. Located in the HEXAGON satellite mid-gsection, the

camera assembly contained a pair of panoramic cameras mounted in
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a frame. Oﬁe_camera looked forward on the satellite vehic;e
.(camera A, port side) and the other looked aft (cameré B, -
starboard side). Each camera had a 60-inch focal length, £/ 3.0
folded Wright optical system. This optical system,'which
contained both reflection and reffacting optical elements, was
mounted in an optical bar.

Perkin-Elmer’s optical bar involved two; one-meter diameter
tubes, each containing a 75-cm (30-inch) optically flat mirror,
mounted at a 45-degree angle to reflect the ground images passing
g beneath the satellite and through a corrector plate, into a 91
cm (36-inch) 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 conpound lens then projected the images onto the
film platen at the opposite end of the optical tube. As the
satellite moved through space, each pptical bar tube rotated
about its longitudinal axis, in oppgsite directions. This
provided a panoramic image, up to 120 inches 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 Danbu?y,

Connecticut.”

%
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Early on, Perkin Elmer had difficulties with the 9l1-cm main
mirrér. Initially, the West German fifm,supplied the mirrof
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.

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.v Its reflectivity extended beyond the Visible
spectrum into the infrared area; where many other mirrors failed.
Unfortunately, beryllium was toxié. Inhalation of beryllium
salts caused a reaction similar to chlorine poisoning.’s

Despite the hazards, Perkin—Elmerlundertook a program to
develop a beryllium folding mirror for the twin-60 cameras. It
soon abandoned the project as too prensive ﬁnd dangerous.
Eventually, Perkin-Elmer decided to use a heavier Sut less

expensive and less dangerous product produced by the -
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glass has several advantages as well. It was of lightweight,
almost 100 pounds less per mirror blank then fused quartz, and it
had a much lower coefficient of expansion. Its cost, howe&er,
wés 20 percent greater than thé German blanks. HEXAGON managers.

reverted to the West German product.?”

The Mapping Camera Module

In order for imagéry to be useful for measurement.purposes
(measuring distahce and determining the size of objects on the
ground), satellite altitude and position information needed to be
recorded at the exact mohent 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 fromv
CORONA'imagery. The Defense Mapping Agency also desired a map
mhking capability from HEXAGON imagery. In July 1968 Itek became
the prime contractor for the stellar-terrain camera and GE for
the RV. This was ﬁearly 20 months after Perkin-Elmer won the

contract for the main HEXAGON cameras. First launch date was

9%

78



NRO APPROVED FOR
RELEASE 17 September 2011

projected for April 1970.

Itek Corporation had far less trouble with thé mapping
camera module than Perkin-Elmer h;d with the main camera. 7Itek
developed and built a mapping camera module that contained a
stellar-terrain camera with a lz;inch £/6.0 metric lens with
eight elements. It used 9.5 inch film. The stellar camera,
which imaged stars above sixth magnitude'had two 10-inch £/ 20
systems -- one looking out each side of the module.. It ﬁsed 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 inch and 70 mm film take-upé.“'

fh. Satellite Vehicle

It was not until 20 July 1967 that DNRO Flax finally
approved a cont;actor, Lockheéd, for the spécecraft. 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 feet in diameter and with an
overall length of nearly 47 feet. One section would be devoted

to the satellite control unit (the brains of HEXAGON), one to the

s0%
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sensor subsystem (the cameras), and a recovery section of four

RV’'s. To grasp the sheer size of HEXAGON, the spacecraft weighed

five times more than the CORONA payload - -~| 22,500 pounds

compared to 4,280 pounds. It was designed to be well within the

rlift capabilities of the Titan III-D booster.

The spacecraft design and development experienced few major

problems. In éarly 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
'
Rol%Zé inancial -

very of its Tristar'’s

Lockheed’s new wide-body TriStar airliner.
coilapse threaéened Lockheed's promised deli
to several airlines. This in turn created a cash-flow problem
for Lockheed (Lockheed was already claiming heavy losses
connected with itstir Force C-5A Galaxy éi craft) .

In ordef not‘to delay the highly classified work then being
performed bylLockheed for CORONA and HEXAGON, the firm spun off
its missiles and space division. It became Lockheed Missiies and
Space Company, a wholly owned,subsidiary. It was, however, now
protected if Lockheed found it necessary to eclare-bankrup;éy.
E#entually, the US Government provided a $210 million loan to

help Lockheed avoid bankruptcy. 1It, nevertheless, was a close
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call for somerf the United Stafes‘ most closely held programs, 8
- Although progress on thé»various HEXAGON components

continued, mounting cost overruns and delays brought slippage to
the projected léunch 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 betweeﬁ NRO officials and the CIA continued as
well as CIA and SAFSP fought-over the development of on-orbit
operational control software for the system. CIA officials
wanted to control the satellite from the Satellite Operations.
Centerv(SOC) in Washington, sending specific comménds to the STC
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
sa;ellite be done by Ehe Satellite Conﬁrol Center (SCC) at
Sunnyvale, California. In a compromise, Flax finally decided

that the SOC in Washington would send a list of requirements with

sk

“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.
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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, nevertﬁeless, a semi-victory for the Agency
. since the CIArnow controlled the requirements which drove the

system.s3

Attumpté to Cancel HEXAGON

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
aléne rose dramatically in February 1968 and other contractors
began showing similar cost increases, the‘critics-intensified
their efforts. 1In 1968, new Deputy Secretary of Defense Paul
Nitze questioned the need for HEXAGON. Echoing Nitze’s concerns
and confronted witﬁ escalating Vietnam costs, the Bureau‘of the
Budget (BoB) recommended that HEXAGON be cancélled in early 1968.
. HEXAGON was the single most expensive item in the 1968-1970
National Reconnaissance Program (NRP). As an alternative to

HEXAGON, the DNRO, Flax, asked the CIA for cost estimates for

8iSee *,.
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developing an Improved CORONA system. The CIA reported that an
improved CORONA, without a complete redesign, (with costs

' estiﬁated to be equal to those of completing HEXAGON) could never
provide the search resolutions needed for verification of arms
limitation agreements (resolutions of 3.0 feet or better). After
reviewing the CIA estimates, — for 20
Improved CORONA satellites, an NRO sﬁudy group recommended to the
ExCom that HEXAGON be continued. The ExCom agreed and nothing
camé of the Bureau of the Budget’s recommendation.®

The Presidential election in Novemﬁer 1968 and the

inauguratio(n‘ 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. McLucas, a former DDR&E and head of the MITRE
Corporation, réplaced Flax as DNRO. In the spring of 1969, the

Bureau of the Budget renewed its recommendation to cancel

“See *. The CIA reported that even an Improved CORONA could
never provide search resolutions much better than 4.5 feet. The
Budget Bureau questioned whether a 1.5 foot difference 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. ‘
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As Perkin-Elmer began to lay off employees in response to

the Bureau of the'Budget‘recommendation, DCI Richard Hélms
mounted a major effort to have HEXAGON reinstated. He calied
upon Roland Inlow, who had been deeply involved in planning for
the Strategic Arms Limitation Talks (SALT) to study the impact of
the loss of HEXAGON on arms limitations neéotiationé. Inlow
found that. all SALT proposals being made by US officials were

predicated on the availability of large-scale search photography

sThe Bureau of the Budget was simply dismayed at the 'size of
the satellite programs underway in the CIA, Air Force, and NRO.
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from HEXAGON satellites.® Helms urged Inlow to brief-James R.
Schlesinger, the Bureau of the Budget's Director for
International Relations, on his findings. Inlow did. Helms and
Inlow a1s§ invited Schlesinger, Vice President Spiro Agnew, and
DNRO MclLucas for a briefing at NPIC on the HEXAGON—
projects. 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 More Challenge for Perkin-Elmer

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 ﬁake-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

B6%
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heat generated byAthe frictibn of the film as it rubbed over
rubbef rollers or on shiny metallic bearing surfaces. 1In
prototype models, the film heated up, became gummy, and stuck to
these surfaces

Perkin-Elmer engineers, headed by Rod Scott, attacked the
film transport problem by adapting a unique air-bag (a gas-
cﬁshioned bearing surface) approacﬁ Scott had designed for the
OXCART (SR-71) cameras. This method permitted moving the film
through the spacecraft without ‘it tox:lching 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
meters (21.6 feet) per second, left the supply spool, entered the
film channel, traveled nearlyEfour meters to the focal-plane
platen, stopped to accept images from the optical-bar lenses, and
moved along another 6 meters to the take-up reel. In between the
film—suppiy reel and the piaten and between the platen and the
take-up reel, the f£film was allowed to go slack in a buffer
chambef known as a "looper" so that the torgque of starting and

stopping would not stretch or tear it.®

TR
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Launch

Despite the set backs,.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
restrictéd use of the vehicle transporter (a mammoth ﬁéhicle some
14 feet high, 14 feet wide, and 70 feet long) to daylight,
weekday, and non-rush hours. It was 28 May, the sﬁart,of the
Memorial Day weekend. The satellite could not be moved to
Vandenbefg until after tﬁe holiday.

The HEXAGON spacecraft itself was as big as a locomotive and
16.7 meters (55 feeﬁ) 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 éatellite recovery vehicles (SRV’s)
for returning fi;m to earth and a 208,000 foot £film supply. Aﬁ
1141 PDT 15 June 1971, the first HEXAGON, sittin§ atop a Titan
III-D missile,'roared over the launch pad. The Lompoc,
California Record reported the launch and nicknamed the satellité
*Big Bird." |

On 20 June 1971, during orbital revolution 82, the first

film bucket separated from the satellite and reentered the
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earth’s atmosphere in the HawaiianArecovery area. Rgcovery 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 quak in Rochesﬁer, New York for
processing. An NPIC representative at Eastman Kodak remarked
after reviewiﬁg 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, ves

The second film bucket was brought back to earth on 26 June
and recovery teams succeszullylsnatched it in midair. -Both the
first two buckets provided extensive coverage of So&iét missile
sites and other sensitive targets. The US Intelligence Community
greeted the 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 metersvof water
before the recovery team could reach it. A recovery team
snatched the fourth film bucket without incident on 16 July.

Approximately 75 percent of the photography in the three

fecovered £ilm buckets was f:ee of clouds, a conside:able

improvement over earlier satellite photography. This was due to

88 %

88



NRO APPROVED FOR
RELEASE 17 September 2011
a revolutionary new system named the HEXAGON Targeting Program
(HTP) . The HTP effort was a éomputer—based method for
determining, prior to launch, the 'accéssibility on the intended»
- targets for each mission és well as the likelihood of their being
cloud-free. The major features of the HTP inéluded:>the use of
World Aeronautical Chart (WAC) divisions known as World
Aeronautical Grid (WAG) cells, which were a uniform 12 by 18
nautical miles, computer foutines for forecasting cloud cover,
and maintaining a WAC cell cliﬁatological 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 feet and a best —
— target resolution of 2.3 feet. It used 175,601

feet (1,350 pounds) of film. Of this 123,601 feet (930 pounds)
was recovered. In comparison, the first successful CORONA
recovery (August 1960) carried 20 pounds of film. -Later CORONA
flights carried 40 pounds, the two-capsule version, 80 pounds.

In the GAMBIT program, GAMBIT-1 carried 45 pounds of f£ilm and.
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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

sertor: R ==+ =<5

Southwest United States to evaluate HEXAGON camera operations

— cleared sites and erected and dismantled

various configurations of from 11 October to 17

December.

carefully placed along the ground trace of the HEXAGON satellite

, were

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. Tow#d the end of the mission, the team

S ——

film attached on to the end of the regular HEXAGON film supply.

1%
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NRO and CIA officials considered this 68-day mission highly
suécessfui.92

The fifth HEXAGON flight, mission 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 thelresults
"outstanding."” Numerous small man-made features were easily
detected and often identifiable; a baseball diaﬁénd, a small
aircraft on a taxiway, ihdividual homes with driveways and
automobiles. This was quite remarkable for a 12-inch focal-
length lens at a 92-mile altitude. The stellar photography also

provided adequate star images in both magnitude and quality.®

A Change in Management

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 thé new program was
properly staffed. They asked DNRO John MclLucas to consolidate

all aspects of the HEXAGON program under Program A (SAFSP) so

92w
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that Program B (CIA) could concentrate on the new revolutionary
system. McLucaé agreed and transferred Program B
responsibilities for HEXAGON to Program A. The transfer went
smoothly and on 1 July 1973, General David D. Bradbufn, Director
SAFSP, formally assumed all responsibility for management of the
HEXAGON system, wiring thé 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 sadly 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.

Summary
Despite numerous delays and large cost over-runs, HEXAGON
met 70 to 80 percent of all the US Intelligence Community’s

surveillance requirements. A typical HEXAGON mission imaged

nea;rly- targets. Considering that the Soviet Union
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encompassed an area of almost 7 million sg. nm, the mature
HEXAGON system would image ébout 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 tﬁe first Strétegic Arms
Limitation Treaty (SALT) in 1972. HEXAGON’'s broad area coverage
capability provided‘US officials a high degree of confidence,
that the United States éould detect any new Soviet-instéllations
or activities early in the construction phase. The ability of
HEXAGON to furnish high quality imagery of military installations
also allowed US intelligence anélysts to develop and maintéin

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 aréa coverage provided the US
analysts opportunities to monitor large-scale Soviet military

exercises. In March 1979, for example, when the Soviets staged a

ssThe high quality of HEXAGON imagery is often overlooked
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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major military exercise iﬁ Mongoiia, in response to the Chinese
attack on Vietnam, HEXAGO& capﬁured the Soviet mobilization.
HEXAGON was aléo tasked to brovide coverage of Soviet and
Chinese nuclear test sites; often providing complete coverage of
these test sites often in a single image. This allowed US
officials to closely monitor test preparations and assemble data
on the tests themselves. HEXAGON also played a key contributing
role in US 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 Soviét grain-growing
regions allowing accurate US 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. From HEXAGON, the

Moreover, the Defense Mapping Agency and other
government agencies that produced maps and charts were almost

solely depepdent on HEXAGON for mapping source materials. Not a
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bad job for an over-sized "big bird."
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Conclusion

During the heart of the Cold War, the NRO, with its CIA and
Air Force components and their industry partners, designed,
developed, built, and operated the GAMBIT and HEXAGON photo-
feconnaissance satellite systems. The growing reality of a
Soviet nuclear arsenal, the development of Soviet nuclear-tipped
ICBM's, and a vigqrous Soviet nuclear weapons program, combined
with an increasingly complex and divisive Viétnam confiict, '
created a global crisis atmosphere for US policymakers during the
. 1960s and 1970s. A sense of extraordinary urgency swept over
Washington as US officials searched for intelligence on the
Soviet Union and its allies.

This crisis atmosphere drove the NRO effort to develop the
next generation 6f search and surveillance satellites and to
provide US decision makers with ever more detailed imagery.
Building on the pioneer efforts and accqmplishments of the CORONA
program, US designers, engineers, scientists, and managers pushed
photo-reconnaissance and space flight ﬁechnologies 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
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marked by great ﬁisi¢n, 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, thé GAMBIT program suffered from exceséive
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 sﬁch as the stabilizing~Agena
second stage "hitchup," the state-of-the-art, Lockheed developed,
roll-joint, “"Lifeboat," and CORONA recovery techniques saved the
early GAMBIT program from cancellation and catastroﬁhic failure. .
Frustrated time and again with system problems, the GAMBIT team
finally réached its goal of routinely providing US intelligence
analysts with - resolution imagery. It was a giant step
from the fuzzy, 20-30 feet resolution imagery provided by the
early CORONA cameras. This imagery was even better than manned
.reconnaissance photography. it'amazed us photointefpreters.
Overcoming technical uncertainty, GAMBIT scientists and

engineers not only brought a revolution to space photography but
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they made major improvements in satellite command and control
systems,'time on orbit, and target coverage. Its impact on US
intelligence capabilities was enormous. Combined with the
imagery data from CORONA and HEXAGON, -GAMBIT provided the US
Intelligence Community with over 90 percent of ité hard data on
the Soviet Union. For the first time, using GAMBIT imagery, US
officials had detaiied factual infdrmation and accurate
mensuration data to actually develop engineering drawings on
Soviet weapons capabilities. This helped US officials save
billions of dollars in US weapons development alone.vPresident
Lyndon Johnson expressed his appreciation for these satellites
when in early 1967 he told 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 Soviét
ICBMs.

HEXAGON, like GAMBIT, was a daring technological challenge.
An NRO/CIA/ industry program, HEXAGON became the ultimate film-
return photo-reconnaissance satellite system. It,'like GAMBIT,

suffered hard times during its development stages. Not only were
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there technological préblems to overcome, éamera and film design, -
‘reflective and refractive mirror construcﬁion, and film moveﬁent,
but HEXAGCN 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 cost overruns. Originally proposed:as a cost-saving system
to replacé CORONA and GAMBIT, HEXAGON. became the most expehsive
system yet build. Nevertheless, HEXAGON proved to be an
extraordinary success. It had the capability of préviding
stereoscopic, éloud—free photography over 80 to 90 percent of the
Sino-Soviet landmass on each miséion. In addition, HEXAGON had
the unique ability to satisfy surveillance and mapéing, charting,
and geodetic data requirements. HEXAGON imagery, by providing
‘_continuous direct evidence of Soviet activities, helped eliminate
the surprise.element for US officials and increased the
Intelligence Community’s and US policymakers confidence in'the
overall intelligence produq;. It provided'the hard data for
analysis. It also provided assurance to US leaders negotiating
arms limitation agreements with the Soviets.

GAMBIT and HEXAGON proved to be of paramount importance to

US policymakers. With these systems, US officials had detailed
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information on Soviet strategic weabons development and.
deployment. Any new Soviet ICBM complex o£ 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
1aunchin§s were all carefully moﬁitored by GAMBIT and HEXAGON.
Conceived and built under a crisis situation, these systems
stretched'spacé technologies and ultimately performed well beyond
their initial expectations. They were truly, "Critical to US

Security."
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