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CORONA: The First Fhotographic Reconnaissénce Satellite

| D The U-2, which began operating in the fall of 1956, was
. expected to have a relatively short operational life in over=
flylng the Soviet Union--perhaps no more than a year or two. '\,-
That expectation was based less on the likelihood of the Soviets \
perfecting a means of shooting it down than on their ability to
develop a radar surveimnée network capeble of reliably tracking
the U-2. With accurate tracking data in hand, the Soviets could '
5 ’ file fi_iplomatic protests with enough evidence in support of them
3 to lead to political pressures to discontinue the overflights.
— - As 1t turned out, we had misjudged the performance characteristics
and deployment pattern of the Soviet air surveillance network.
Their radars promptly acquired and cbntinpouslsr tracked the very
first U-2 flight over Soviet territory. The Soviets filed a
formal protest within days of the incident, and a st.anddown was
ordered.
For nearly four years, the U-2 ranged over much of the world,
although oﬁly spo.fadically over the Soviét Union. The effectiveness
of the Soviet radar network was such that each flight risked another .
protest and another standdown. Clearly, some means had to be
found for accelerating the initial operational capability of a

less vulnerable successor to the U-2, I‘ortunately, by the time
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Francis Gary Powers was shot down near Sverdlovsk on 1 May 1960

(fortunsite for the :Ln-telligence communi ty, that is~-not for Powers) ’

~an alte:mative means of carrying out photographic reconnaissanee

over the Soviet Union was approaching operationsl readiness.
On 19 August 1960, just 110 days after the downing of the last ‘N

U-2 overflight of the Soviet Unlon, the first successful air catch
. P .
was made near Hawall of a capsule of exposed film ejected from & \

photographic reconnaissance satellite that had completed seven

'passes over denied terré.tory and 17 ofbita of the earth.- The

feat was the culmination of four years of intensive and often
frustrating effort to build., .Launch, orblt; and realize an
intelligence product from a _camera-carryix;g sa’be]lite.

At about the time the U-2 Pirst began overflylng the Soviet
Union in 1956, the U.S. Air Force was embarking on the development
.of a strategic reconnsissance weapons systemAemploying orbiting
satellites in a varief.y of collection E:onfigurations: The program,
which was designated WS-117L, had its origins in 1946 when a
requifement was placed on the RAND Corporation for a study of the
technical feasibility of orbiting artificial satellites. The
first real breakthrough had come in 1953 when the USAF Scien‘bifié
Advisory Board reported to the Air Staff that it was feasible to
produce relatively small and light~weight thermonuclear warheads.
As a result of that report, the ATLAS ICEM program was accorded. .
the highest priority in the Air Force.
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Since the propulsion required to place a satellite in orbit
is of the same general order of magnitude as that required to

daunch an ICBM, the achievement of an ICRM-level of propulsion

: made it possible to begin thinking seriously of launching orbital
| satellites. Accordingly, General Operational f{equirement No. 80 N
waB levied in 1955 with the stated objective of provj;ding
continuous survelllance of pre-selected areas of the world ‘ | +
to determine the status of é' potential enemy's war;making capaclty.
The Air Research and Development Command, which had inheriteé.
the RAND study progrem in 1953, assigned the satellite project to
. | its Ballistic Missile Division. The development plan for WS-11TL , |
- was approved in July 1956, and the program got under way in October
1956 with the awarding of a contract to the Lockheed Aircraft
Corporation for the development and testing of the system.
The planning for WS-11TL contemplated & fémily of separate
systems and subsystems employing satellites for the ;ollection of
photogmphic, electronic, and infrared intelligence. The program, .
which was scheduled to extend beyond 1965, was divided into three
phases. Fhase I, the THOR-boosted test series, was to begin in-
November 1958. Fhase II, the ATLAS-boosted test serles, was
scheduled to begin in June 1959 with the objective of completing

the transition from the testing phaée to the opemfional phase and

of proving the capability of the ATILAS booster to launch heavy loads

e
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into space. FYhase -III, the operational series, was to ‘begin in March
1960 and vas to consist of three progressively more ' sophisticated
systems: the Ploneer version (photographic and electronic) , the
Advanced version (photographic and electronic), and the |
Surveillance version (photographié, electroni.c, ‘and infrared).
It was expected tﬁat operational conﬁol .of WS-ll"?wI.' would be
transferred to the Strategic Alr Command with the initiation
of Phase III.

It vas an ambitious and com::le:;"pi-ograﬁ: that vas pioneering '
in technical fields about which little was known. Not surprisingly,
1t had become a:pp&rent by the_ end of 1957 that the program was
running behind schedule. It also was in trouble from the. stand=
point of security. The U-2 program was c;.arried out in. secret
from 1956 until Mey 1960--not from the Soviet Government, of
course, but the Soviets chose to allow the program to remain a
secret from the general public (and from most of -the.ofﬁ.ciai
community) in preference to publicizing its existence and thereby
admitting that they lacked the 'meanfs of defending their ailr space
against the high-flying U-2. WS-117L was undertaken as a classified
projecty but its very size and the number of people involveq made
it impossible to conceal the existence of the program for long.
The Press soon began speculating on the nature of the program,

correctly identifying it as involving wilitary reconnaissance
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satellites, and referring to is as BIG PROTHER and SPY IR THE BKY.
The publicity was of concern, becawse the develomment of WS-11TL
was begun in a period when the internationsl political climste

. was hostile to any form of overflight reconnaissance.

It was against this background. that the President's Board of N
Consultants on Foreign Intelligence Activities éubmitted its semi- |
annual report to the President on 24 October 1957. The Board _ \
noted in its report that it was aware of two advanced reconnaissance .
systems that were under consideration. One was & study then '
in progress in the Central Intelligence Agency concerning the
feasi‘bility of' & manned reconnalssance airdraft designed for
greatly reduced radar cross-section; the other was WS-11TL. | The
Board recommended that an early review be made of new developments
in advanced recofnnaissance systems to ensure that they were given
adequate consideration and received broper handling in the light
of then-existing and future intel_ligeﬁce req_uirements.. The .

Executive Seeretary of the Natlonal Security Council on 28 October

notified the Secretary of Defense and the Director of Central

. Intelligence that the President had asked for a Joint report from

them on the status of the advanced systems. Secretary Quarles
responded on behalf of himself and Mr. Dulles on 5 December with
& recommendation that, because of the extreme sensitivity of the

subject, details on the new systems be furnished through oral briefings.
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As a conseguence of that proposal, vhich evidently ﬁs '
accepted, there are no written records in CIA's Project CORMNA
files bearing dates between 5 December 1957 and 21 March 1958.
' It is clear, however, that major decisions were made and that
important actions were undertsken during the period. In brief, .
it wae decided that the photographic subsystem ﬁf W5-11T7L
offering the best prospect of early success would. be separated - » \
from WS=11T7L, be designated as Project CORONA, and be placed .
under a joint CIA-Air Force management team--sn spproach that had '
been &0 successful in covertly developing and operating the U=2.
_The nucleus of such a team was then constituted as the |
Development Projects Staff under the direction of Richard Biseell,
who was Speciﬁl Assistant to the DCI for Plans and Development.
Bissell was designated as the senior CIA mpmsenﬁtive on the new
venture, and his Air Force counterpart was Brigadier General
Osmund Ritland, who, as Colonel Ritland, had sexrved a's Bigsell's
first deputy in the early days of the Dev_elopment Projects Staff

and was then Vice Commander of the Air Force Ballistic Missile

Division.

Bissell recalls that he first learned of the new program and of
the role intended for him in it "in an odd and informal way" from
Dr. Edwin Iand with whom he had worked on the development of theA U=-2

reconnaissance system and who had come to hemd & panel of technical -
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consultants informally kpnown as the Land Panel. Bissell also recalls

that his early instructions were extremely vague: that the subsystem

was to be spllt off from WS~1lTL, that it was to be placed under

separate covert management, and that the pattern established for the

develomment of the U-2 was to be followed. One of the instructions,. '«

-

- R however, was firm and -i:rec—i:se i ‘none- o‘f:-'l;he‘ﬁmdé""fcr'the“"new program “

were to come from monies authorized for already approved Air Force
programs. This restriction, although seemingly clear at first
glance, later led to disagreement over its interpretation. CORORA

management expected that the boosters alrea.djr gpproved for the THOR

! test series of WS-117L would simply be diverted to the CORONA
C— program; this proved not to be so. As a consequence, CIA had to
go back to the President with an admission that the original project
prdposal had understated the estimated coét and with a request for
wore money.
Roughly concurrent with the decision to place or.le of the

WS-11TL subsystems under covert management s the_ Department of
Defense realigned ite structure for the management of space ,
activities. The Advenced Research Projects Agency (ARPA) was
established on 8 February 1958 and was granted authority over all
military space projects. The splitting off of CORONA from WS-117L
was accowplished by an ARFA directive of 28 February 1958 assigning

responsibllity for the WS-117L program to the Air Force and ordering
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that the proposed WS-117L interim reconnaissance systemn employing
THOR boost be dropped.
The ARPA directive ostensibly cancelling the THOR-boosted

- -interim reconnaissance satellite was followed by all of the
notifications that would normally accanpahy the carcellation N
of a military program. The word was pasaéd officielly within \ - '
the Air Force, and formal contract cancellations were sent out ) \
to the prospective. suppliers. There was much furore /when the
cancellations went out: contractors were furious over the
suddenness of the action; Air Force personnel were thunderstruck
at the abandonment c;f the W5-11TL photographic subsystem that seemed
o to have fhe best chance of early success. Subsequent to the
cancellation, very limited numbers of individuals in the Air
- Force and in the parbicipating companies were cleared for Project
' CORONA and were informed of the procedures to be followed in the
.

covert reactivation of the cancelled program.

Although CORONA was removed from W5=-117L and placed under

separate mansgement &as & covert activity, the original intent ) '

was to disgulse its real purpose by conceallng it as an

experimental program within the first phase of WS=11TL. This

permitted overt procurement of the necessary boosters, éecond _ N
stages, and hardware associated with the biomediéal cover launches.

It also provided an explanation for the construction of launch
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and ground control facilities. Only the program-peculiars
iassociated with the true photographic reconnaissance mission
had to be procured covertly.
After Bissell and Ritland had worked out the arrangements
for the overt can.cellation and covert reactivation of the program, .
they thon began tackling the technleal problems asscelsted with the
design configuration they had inherited from WS-117L. The'
subsystem in point contemplated the use of the TH(R IRBM as the

first stage booster and, as a second sitage;, a Lockheed-modified 0
-/

~ rocket engine that had been dévelcped by Bell Alrcraft for take~

off assist and auxiliary power applications in the B-58 HUSTLER
bomber. It was referred to as the HUSTLER engine during the
development phase of CORONA but soon came to beknmm as the AGENA«~
the pame 1t bears today. The plan called for spin stabilization

of the pod containing the payload; with the camers scamning as the
pod rotated. The camera was to have a focal leng'bh ;f six inches,
without image motion compensatlion, and would require the use of
fast film. The film was to be fed into a capsule, which would be .
recovered from orbit. Ground resolution was expected to be poor
because of the short camera focal length and the grainy photography
yieided by fast film. The contractors who had been working on the
subsystem design were Lockbeed on the space vehicle, General

Elsctric on the re-entry body, and Failrchild on the camers.
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The initial intent of the CORONA managers was to proceed with

the configuration deseribed above. As will be seen later, this was

not the configuration that was finally chosen. The ground

resolution attainable by -1t would not meet intelligence needs » and

by late March 1958 major complications had arisen in the technical

design of the Fairchild camera.

A three-day conference was held in San Mateo, California,

in late March among representatives of CIA, Air Force Ballistic

Missile Division, Lockheed, General Electric, and Fairchild. Their

discussion revealed that, while work was going forwvard, the design

was far from complete. The senlor Lockheed representative .reported

that they had investigated the possibility of bullding a satellite

vehicle shaped like a football, a cigar, or a sphere.

They had

Tinally decided, for the original drawings at least, on a footballe

shaped pod slightly elongated at each end to correct the center of

gravity. Discussion got onto the need for immediate contractusl

arrangements with the various suppliers. Bissell remarked that he

was "faced with the problem at present of being broke" and would

need estimates from all of the suppliers as soon as possible in

order to cobtain the necessary financing to get the program under

wvay. The suppliers agreed to furnished the required estimates by

the following week.
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The project quickly began taking formsl shape following that
meeting. Within a span of about three weeks, approval of the program'
and of its financing was obtained, and the design of the payload
configuration evolved Into a concept quite di_fferent from the
spin-stabilized pod. In late March and early April, interest
shifted to a competitive design submitted by the ITEK Corporation, (l)
which proposed a longer foecal length c.amera scanning within an '
earth-center stabilized pod. Bissell recalls that he personally
decided in favor of the ITEK design, but only a.ffer much agonizing.
The decision was plainly a difficult one to make, because it involved
moving from a proven and relativély .simple xpethdd of stabllization
"to one that was untried and was technically more difficult to |

“accomplish. Nor, for. that matter, was the decision taken in a
single step.

Bissell's first project proposal, which was completed on’

S April 1958, requested approval for concurrent deveiopment of

both the Fairchild and the ITEK systems, with the Fairchild
configuration becoming operational first and the ITEK Vconfigu_ra‘tion
being developed as a follow-on system. Within two days, however,
Bissell had made the final decision to abandon the Fairchild
spin-stabilized configuration eﬁtirely. He rewrote the project
proposal, taking note Aof the earlier configuration and giving

his reasons for favoring the‘ ITEK approach (principally the better
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resolution attainable, the lower overall cost, and the greater

poteﬁtial for growth). The proposal was rewritten a -second time,

retaining the ITEK configuratlion but ralsing the cost estimate

from $20 million to $31 million. OF the total estimated cost,

$2k million represented "& rather arbitrary allowance" for 12 each “
THOR boosters and Lockheed second stage vehicles and was to be
financed by ARPA through the Air Force. ihe remaining $7 million
was for covert procurement by CIA of the pods containing the
reconnaissance equipment and the recoverable film casset‘bes;
The final project proposal was forwarded to Brigé.dier Geperal
Andrew J. Goodpaster, the President's Staff Secretary, om 16 April
= \ 1958 after having been reviewed by M:E. Roy Johnson and Admiral
John Clark of ARPA; Mr. Richard Horner, Assistant Secretary of f.he
Alr Force for Research and Development; Brigadier General Osmund
Ritland, Vice Commander, Air Force Ballistic Missile Division; and
Dr. James Killian, Special Assistant to the Presiden;; for Science
and Technology. The proposal was approved, although not in writing.
The only original record of the President's approval reportedly was
in. the form of a handwritten note on the back of an envelope by

General Cabell, then Deputy Director of Central Intelligence.

Although it may have been the originsl intent that CORONA
would be ad;ninisteréd in a manner essentially the same as that of

the U-2 program, it actually began and evolved quite differently.
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It was a Joint CIA-~ARPA-Air Force effort, much as the U-2 was a
Joint CIA-Air Force effort, but it lacked the central d:l.recfion
that characterized the U-2 program. The project proposal described
the anticipate@ administrative arrangements, but it fell short of
clarifying the delineation of authorities. It noted that CORONA <
was being carried out under the authority of ARPA and CIA with the
support and'participation of the Air Force. CIA's role was further
explained in terms of participating in supervision of the technical
developmént, especiall& as regards the actunl reconnaiesance
equipment, hand.ling all covert procurement, and maintenance of cover
and security. The work statement prepared for Lockheed, the prime_‘
contractor, on 25 April 1958 noted merely that technical direction /
of the program was the Joint responsibility of several agencies of
the Govermment.

The imprecise statements of who was to do what in connection
with CORONA allowed for a range of Interpretation. T]:e vague
assignments c;f responsibilities causgd no appreclable difficulties

in the early years of CORONA when the joint concern was primarily

with producing as promised, but they later became a source of severe
friction between CIA and the Air Force over responsibility for

conducting the program. Not only was it unclear as to who was to do
what, 1t is dif:f‘i’cult;. in retrospect¥ even to discoyer wh§ actually

did what. ' An officer who was with the .program, in preparing a brief
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historical sumary of it in early 1965, noted that: "It appears somewhat
mixed right now as to exactly who was doing detalled supervision of the i
cameras and associated equipment." Bissell, upon reading the paper
recently, commented that‘ if he had been the author he ecould have

written only that this was a matter that he and'Genera‘l Ritland

had handléd together. He then expanded upon his remark with this
description of how the progfain was managed:

The program was started in a marvelously informal menner.
Ritland and I worked out the division of labor between the
two organlzations as we went along. Decisions were made
Jointly. There were so few people involved and their relations
were B0 close that decisions could be and were made quickly
and cleanly. We did not have the problem of having to make
compromises or of endless delays avalting agreement. After
we got fully organized and the contracts had been let, we began
& system of management through monthly suppliers' meetings—-
as we had done with the U-2. Ritland and I sat at the end
of the table, and I acted as chairman. The group included
two or three people from each of the suppliers. We heard reports
of progress and ventilated problens--especially those involving
interfaces among contractors. The program was handled in an
extraordinarily cooperative manner between the Air Force and
CIA. Almost all of the people involved on the Government side
were more interested in getting the ‘job done than in claiming
credit or gaining control.

The schedule of the program, as it had been Presented to the
CORONA group at its meeting in San Mateo in late March 1958, ealled

for a "count-down" beginning about the first of July 1958 and extending

.for a period of 19 weeks. It was anticipated that the equipment

would be assembled, tested, and the first vehlcle launched during

that 19-week period, which meant that the fabrication of the
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individual components would have had to be completed by 1 July.
By the time Bissell submitted his project proposal some three weeks
later, it had become apparent that the earlier tentative scheduling
was unrealistic. Bissell noted in his project proposal that it was
not ye{; possible to establish a fim scﬁedu.’le of dellivery dates,
but that it appedared probable that the first firing could be
atiempted no later than June 1959. .

It is pertinent to note here that there was no expectation
in 1958 that CORONA would still be operating over a decade later.

The CCORONA program got under ﬁay initially as an interim, short-

. term, high-risk development to meet the intelligence community's

requirements for area searqh rhotographic reconnaissance rending
sﬁccessi‘ul development of other, more sophisticated systems planned
for WS—.'Ll’?I., The original CORONA propoi—:.ai anticipated the
acquisition of only 12 vehicleé, noting that at a later date 1%
might be desirable to consider whether the program sh‘ould be
extended--wifh or without further tedhnological improvement.
Having settled. on the desired configuration a.nd having
receivéd Presidential approval of the program esnd its financing,
the CORONA'management team moved forﬁrd rapldly with the
contractual arrangements. The team of contractors for CUORCHA
differed from the team on the WS-117L subsystem as a consequence

of selecting ITEX's earth-center stabilized approach. ITEK was
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‘nrought‘in as one of the two major subcont.ractors to Lockheed -
(General Electric being the; other). However, to soften the
Tinanclal blow to Falrchild, ITEK was made responsible for thg
design and development of the camera subsystem with Fairchild
producing the camera under subcontract to ITEK. The final
contractors were selected on 25 April, and a work statement. vas
V:Lssued to Lockheed on that date. The contractors began systems
designs on 28 April and completed them and submitted them for

first review on 14 May. The designs were frozen on 26 July. |

Thus, by mié-1958, the program was well down the road--on the
contractors' side--toward meeting the goal of a first launch no
later than mid-1959. The Government side, ho#ever, was running
into difficulties. The first had to do wii'.h money, the second
with cover, and the two were inextricablj intertwined. The $31
million cost estimate for the l2-vehlcle program had assumed that
., the cost of the THOR booste;'s would be aﬁsor‘bed by ‘l':he Alr Force

by diveﬁing them from the cancelled WS-11TL su‘bsys:bé;n. That
assumption proved to be incorrect. An additional $18 million
had to be found to pay for f.he 12 "JIHORB. Further, it had been
' decided that an additiopal four launch vehicles would be re-q_uired
for testing of launch, orbit, and recovery procedures asnd that an
additional three would be required for biomedical launches in
support of the CORONA cover story. ARPA could not see its way clear
HANDLE via BYEMAN
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to making DoD funds available merely for testing or for cover
support when there weres other DoD space programs with pressing
needs for money. Conseqnently;'CORONA_ménagement had to gn.back
to the President for approval of a. revised estimate.

By August 1958, it had also become apparent to the project's
managers that the original, but as yet unannounced, cover story
conceived for the future CORONA launchings (an experiméntal program
within the first phase of WS-117L) was becoming increasingly
untenable. WS-117L had by then become the subject of fairly wide-
spread public speculation identifying it as a military reconnaissance
program. It was feared that linking CORONA to WS-11lTL in any way
would inevitably place the reconnaissance label on CORONA, and,
given the hostility of the international political climate to over-
flight reconnaissance, there was the risk that the policy level of
government might cancel the program if it should be so identified.
Some other story would have to be contrived that would dissociate
CORONA from WS~117L and at the same time account for multiplel
launchings of stabilized vehicles in low polar orbits and with
payloads being recovered from orbit.

It was decided, therefore, to separate the WS-117L photo (
reconnaissance program into two diétinct and ostensibly unrelated
series: one identified as DISCOVERER (CORONA - THOR boost) and the

other as SENIRY (later known as SAMOS - ATIAS boost). A press
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release announcing “the initiation of the DISCOVERER series was
issued in mid-January 1959 identifying the initial launchings ag
tests of the vehicle itself and later launchings as explorations

. of envirommental conditions in space. Biomedical specimens,

including live animals, were to 'be' carried into space and their N
recovery from orbit attempted. ’ |
The new CORONA cover concept, from which the press release W
stemmed, called for a total of flve biomedical vehlcles, and three
of the five were committed to the schedule under launchings three,
four, and sev;n. The first two were 4o carry mice and the third
& primate. The two uncommiltted vehicles were to be held in reserve
- in event of fallure of the heavier primate wvehicle. In further
support of the cover . plan, ARPA was to develop two radiometric
payload packages designed specifically to study navigation of spacé
vehicles and to obtain data useful in the development .of an early
ﬁmﬁg system (the planned MIDAS infrared series). ;[t might be
noted here 'that only one of the three planned énimal-carrying missions

was actually attempted (as DISCOVERER III), and it was a failure.

ARPA did develop the radiometric payload packages, Aand they were

launched as DISCOVERERs XIX and XXI in late 1960 and early 1961.
The photo reconnalssance mission of CORCNA necessitated a

near-polar orblit, either by launching to the north or to the south.

There are few otherwise sultable areas in the continental United

HANDLE via BYEMAN
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States where this can be done without danger of debris from an
early in-flight failure falling into populated areas. Cooke Air
Force Base near California's Point Arguello met the requirement
for down—ranée safety, because the trajectory of a southward
launch from there would be over the Santa Bérbara chanﬁel and the
Pacific Ocezn beyoni. Cooke was a natural cheice, tecause it was
the site of the first Air Force operational missile training base
and also housed the 672nd Strategic Missile Squadron (THOR). Two
additional factors favored this as the launch area: the
manufacturing fgcilities and skilled personnel required were
in the near vicinity, and a southward launch would permit recovery
in the Hawail area by initiating the ejection/recovery éequencé as
the sétellite passed over the Alasksn tracking facility. The
name was changed from Cooke to Vandenberg AFB in October 1958.
Unlike the U-2 flights, launchings of satellitées from U.S.
soil simply could not be concealed from the public. Even a booster
as small as the THOR (small, that is, in comparison with present-
day space boosters) launches with a thunderous roar that can be
heard for miles; the space vehicle transmits telemetry than can
be intercepted; and the vehicle can be detected in orbit by
radar skin-track. Although the fact of a launch having been made
could not be concealed, maintenance of the cover story for the
DISCOVERER,series required that thg launchings of the uniquely

configured photographic payloads be closed to observation by

unwitting personnel. Vandenberg was excellent as a launch site
- 19 -
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from many standpoints, but there was one feature of it that posed
a severe handicap to screening the actual launches from unwanted
observation: the heavily traveled Southern Pacific railroad
passeé through it. The boosting and station-keeping capacity

of the eariy THOR/AGENA combination limited film supply to a one=~

: i
day mission consisting of 17 orbits, seven of which would pass ~ /

over denied territory. The requirements for daylight recovery

and for the seven denied area passes also to be during daylight and
vith acceptable sun angles dictated a launch from Vandenberg in

the early afternoon. Trainé passing through the area broke up
this afternoon launch window into a series of successive windows,
sometbf which were of no more than a few minutes duration; Even
today} the program is plagued by having to time the launches to
occur during one of the intervals between passing trains. .

The planhed recovery sequence involved a series of maneuvers,
each of which had to be executed to near-perfection or recovery
would fail. First, the AGENA would be pltched down through 120
degrees to position the satellite reco&ery vehicle (SRV) for
retro-firing. Then the SRV would be separated from the AGENA and
be spin-stabilized by Tiring the spin rockets to maintain it in
the attitude given it by the AGENA. Next the retro-rocket would be
fired, slowing down the SRV into a descent trajectory. Then the

spin of the SRV would be slowed by firing the despin rockets.
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Ne#t would come the sepaz;ation of the retro-rocket thrust cone
followed by the heat shield and the parachute cover. The drogue
(or deceleration) chute would then deploy, and finally the maid
;:hute would open to lower the capsule ger‘{tly into the recovery area.
The primary recovery technique involved flying an airplane across
the top of the 'des'é:ending parachute, catching the chute or its
shrouds in & trapeze-like hook suspended f:eneath the airi)lane 3

and then winching the recovery vehicle aboard. If the air catch
failed, the recovery vehicle was .de‘signed to float long enough

for a water recovery by helicopter launched from a surface ship.
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While the vehicle was 'still\_\in the construction stage, tests
were conducted of the air recovery technique--with disheartening
results. Of T4 drops using personnel-type chutes, only 49 were
recovered. Using one type of opera'bional drop chute , oﬁly four
were recovered out of 15 dropped, and an average of 1.5 aircraft
passes were required for the hook-up. Eleven drops of another type
of operational chute resulted in five recoveries and an average
of two alrcraft passes for the smatch. Part of the difficulty
lay in weak chutes and rigging and in crew inexperience s however,
the most serious problem was the fast drop rate of the chutes.
Parachutes that were available to support the planned weight of
the recovery vehicle had a sink rate of about 33 feet per second.
What was required was & sink rate approaching 20 feet pér second
so that the aircxﬁf‘t would have time to make three or four passes
it 'nec_essary for hook-up. Fortunately, by the time space hardware
was ready for launching, & parachute bad been develo;)ed with a
sink rate slow enough to offer a reasonable chance of air recovery.

The launch facilities at Vandenberg AFB were complete, and U-)
the remote tracking and control facilities were ready for the first
flight test of a THOR-AGENA combination in January 1959. 'The
count-down was started for & launch on the 2lst; however, the
attempt aborted at launch minus 60 minutes. When power was applied

to test the AGENA hydraulic system, certain events took place that
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were supposed to occur in flight but not while the vehicle was still
s8itting on the launch pad. The explosive bolts connecting the AGENA

~to the THOR detonated, and the ullage rockets fired. (Uliage rockets

are small solid propellant rockets attached to the AGENA. These
rockets are fired Just prior to ignition of the AGENA engine after

its separation ‘from the THOR to insure that the liquid AGENA propellants
are pushed against the bottom of tﬁe tanks so that proper flow into

the pumps will occur.) The AGENA sebtled into the fairing attaching

1t to the THOR and did not fall to the ground, but appreciablé

damage was done.-

A program review conference was held in Palo Alto two days
after the launch failure to examine the possible causes of the
abort and to assess its impact on the planned CdRONA launch

. schedule. Fortunately, the problem was quickly identified and
easily corrected,Aand it was felt that the system was ready for
resumption of test launches at the rate of about one éer montﬁ.

General Electric surfaced & new problem with the re-entry
vehicle at the review conference having to do wiﬁh the stability

of the nose cone during re~entry. The cone was designed for g

film load of 40 pounds, but the first missions would be able to
carry only 20 pounds. GE reported that about three pounds of
ballast would have to be carried in thé forward end of the cone
to restore stability. The program officers decided to add an

instrument package as ballast, either for diagnostic purposes or
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for support of the 'Siomedical cover story, thus converting what
could have been dead weight into a net plus for the test program.
The test plan contemplated arriving at full operational
capabllity at a relatively early date through sequential testing
of the major compcne'nts of the system--beginning -with the THOR-
AGENA combination alone, then addiné the nose cone to test the
e,jection/ re-en‘try/recovery sequence, and finally installing a
camera for a full CORONA systems test. Just how much confidence
the project planners had in the imminence of success cannot now be
discovered; however, if the confidence factor was very high at the
start, it must soon have begun to wane. Beginning in February 1959
and extending through June 1960 an even dozen launches were
attempted, wlth eight of the vehicles carry'lng camersas, and all

of them were fallures; no film capsules were recovered from orbit.

Of the eight camera-carrying vehicles, four failed to achieve orbit.

Of the four vehicles that went into orblt, three experienced camers
or film fallures, and the fourth was not recovered because of a
malﬁmction of the re-entry body spin rockets. These sumaries of
the initial launch attempts illustrate the nature and dimensions
of the problems for which solutions had to be found.
DISCOVERER T |

The on-pad failure of 21 January was not assigned & number in

the DISCOVERER series. DISCOVERER I was launched on 28 February

e .
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1959 with a light engineering payload as a test of ’.['.EICB-AG"ENA
rerformance. No recovery was planﬁed. For a time there was uncertainty

as to what had happened to it, because no radio signals were received.

It was later established as being in orbit on the basis of radar
skin-track. The speculation was that the protective nose cone N
over the antennas was ejected Just before the AGENA fired and that

the AGENA then rammed into the nose cone, damaging the antennas.

DISCOVERER IT

The second vehicle was launched on 13 April 1959. Orbit was
officially annocunced about two hours later, along with s statement
that the capsule carried a light-weight biomedical payload (as

— - indeed it did). The Air Force reported on 15 April that plans to

~ recover the capsule near Hawaii had been abandoned and that the *

~ capsule might descend someﬁhere in the Arctiec. The announcement \
slightly understaf,ed the known facts. The capsule had ejected on .
the 1Tth orbit as planned, but a timing malfunction ‘(actually a
human prbg’.«;'annning error) had caused the ejection sequence to be
initiated too early. The capsule was down, prébably s;)mewhere in
the near-vicinity of the Spitsbergen Islands north of Norway.

In fact, there were later reports that the falling cai)sule bad

actually been seen by Spltsbergen residents. The Air Force announced
on the 16th that the Norweglan govermment had authorized a search

for the capsule, which would begin thé_ following day. Planes

HANDLE via BYEMAN
- ok . CONTROL. sysTEM ONLY

SECREDT

e — 'Approved for Release: 2023/10/17 C05144839



C05144839

Approved for Release: 2023/10/17 C05144839

scoured the area, and helicopters joined the search on the 20th.
t e

FNothing was found, however, and the search was abandoned on the

-23rd. There was specuiation‘at the time, although no evidence,

that the capsule had been recovered by someone other than the
American recovery team.
The incident later became the subject of a book by Alistair

Maclean, Ice Station Zebra, and of a 1968 movie of the same name.

The fictionalized version departed rather substantially from the

facts: a U.S. nuclear-powered submarine is headed for the North

Pole to rescue a team of Br:;utish weather scientists marooned on an
1ce- floe that is»breald.n.g up. On board is a team of special agents
on assignment to locate and bring back a capsule containing high-
resoluf_ion photographs of all missile sites in the U.S. , which hed
been taken from a Russian satellite equipped with a mew type of ,
camera that had been stolen from the U.S. by the Russians. Meanwhile,
@ Russian force is also on its way to try to retrieve the Eapsule.
It's an exciting mova.e, although it is plain 'bhat no one who has

left the CORONA program wound up as a technical comsultant to MGM.

DISCOVERER ITI

Much publicity attended the launching of DISCOVERER ITT:
some of it planned and sorwe unplanned (and unwanted). This was

the first (and only)_ DISCOVERER flight to carry animals: four live

-black mice. Black mice were chosen in order to ascertsin the
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prossible hair-bleaching effects of cosmic rays. The mice were
members of the C=57 strain, a rarticularly rugged breed. They

had been "trained," along with 60 other mice, at the Alr Farce's
Aeromedical Field Laboratory at Holloman AFB. They were seven to
ten weeks old and weighed slightly over an ounce apiece. A three- A
day food supply was provided, which consisted of g speclal formuls
containing DPeanuts, oatmeal, gelatin, - orange Julce, a.ﬁd water. Each
mouse was placed in a small individual cage about twice its size,
and each had a minuscule radio strapped to its back to monitor the
effects of the space trip on heart action, respiration, and.
muscular activity.

" The lift~off on 3 June 1959 was uneventful, but, instead of
injecting approximately horizontally, the AGENA apparently injecﬁed
downward, driving the vehicle into the Pacific Ocean and Hlling
the mice. Looking back on the mission, the attempt tq orbit the
mice seems to have been J»:Ln‘xed from the very beginning

Just before the first try at launch, telemetry indicated a
lack of mouse acltivity. It was bthought at first that the little
fellows were merely asleep; 50, a technician was sent up in a
cherry-picker to arouse them. He banged on th‘e side of the vehicle
and tried catecalls, but to no avall. When the capsule was Opened,
the mice were found to be dead. The cages had been sprayed with krylon
1o cover rough edges; the mice had found 1t tastier than their formula ;

and that was that. HANDLE via BYEMAN
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The second try at launch several days later with a back-up
mouse "crew" was also a near-abort when the capsule life cell
humidity sensor suddenly indicated 100 percent relative humidity.

The panic button was pushed, and trouble-shooters were sent up to
check. They found thaf. vwhen the vehicle was in & vertical position
the humidity sens:o‘r was directly bene#th the cages, and it 4id not
distinguish between plain water and urine. The wetness dried out
-after avhile, all was forgiven, 4and the vehicle was launchede-
unhappily into the permanent 100 percent moisture: enviromnent. of
the Pacific Ocean.

Also, the timing of the launch was unfortunate. The monkeys, .
'Able and Baker, had survived a 300-mile flight in & JUPITER nose cone
on 29 May in connection with another, I;nrelated ‘test program.
However, Able died during minor surgery on 3 June to reﬁove an
electrode that had been implanted under his skin. (This was the date
of the DISCOVERER III launch.) The British Society Against Cruel

. Sports made 8 formal protest to the U.S5. Ambassador, -and the press

raised quite a stink about the fatal mice flight--comparing it
unfavorably with the Russians' successful leunching of the dog,
Laike, in SPUINIK II back in November 1957 and demanding that
orbit and recovery procedures be perfected before attempting

future launches of mice or monkeys.
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DISCOVERER IV

This flight, which was launched on 25 June 1959, was the first '
to carry a camera and was thus the first true CORONA mission atﬁempt.
The payload did mot go imto orblt, because the AGENA failed to
reach the required velocity. 'I‘he original cover plan had ealled
for launc};es three and four to carry mice, but, ‘be‘caﬁse of the furore
raised over the death of the micé on DISCOVERER III, this one was
not "mlced." Certain of the official records refer to the mission
as having carried mechanical mice (vibrators to simulate mouse
aétivity) s but tﬁis turns out to have been something that was talked
aboﬁt but never actually tried. )

There was one amusing eiyeriment oii an early fliéht, and it
may have been on DISCOVERE? IV. A means ﬁs needed for _concea.ling'
the payload doors from inquisitive eyes while the vehicle was on
the launch pad. The scheme that was devised was to cover the doors
with fairings made ;)f sheets of paper under which we;'e sti‘ung two
lengths of piano wire with ping-pong balls attached to the forward
ends of the wires. The thought was that, as the vehlcle accelerated
during launch, the air flow along the vehicle skin would blow the
ping-pong balls to the‘rear, thus tearing off the paper and exposing
the payload doors. The strip-away fairing was tested by at'taching.
it to tbhe side of a sports car and driving the car at high speed along
the Bayshore Freeway late one evening. The test proved two things:

HAND
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that the fairing would tear off as intended and that'th,e Freeway
patrolmen could easily overtake a vehicle traveling at 90 miles per
- hour. Since the test indicated a "go" situation, at two a.m. on a
foggy, chilly morning--under a blaze of floodlights--a few cents worth
of paper, pisno wire » and ping-pong balls were aPfixed to a nnilti-
million dollar Space vehicle. However, perhaps because test .
conditions rarely perfectly simulate operétional conditions, the
raper did not strip away during 1ift off, "and ne one was anxious
to retest the scheme by chancing another go at the Bayshore Freeway.
DISCOVERER V
DISCOVERER V was lsunched on 13 August 1959 and attained orbit
s vith a camera payload. The temperature within the spacecm.ft wasg
lower than planned, and the camera failed on the first orbit. The
recovery capsule was elected at the pro;pei' time but for reasons
then unknown did ;zot show up in the recovery zone. Early in 1960
an unidentified object was discovered in space In slx 1;ear-polar orbit.
t-wa's Tinally determined to be the recovery capsule-of DISCOVERER V.
Instead of deboosting it into a. descent trajectory, the retro-rocket
had accelerated it into a hiéher orbit with an apogee of 1,058
miles.

DISCOVERER VI

The sixth launch was on 19 August 1959. The vehicle achieved orbit,
but the camera failed on the second révbiution, and’ the retro-rocketr

malfunctioned on the recovery attempt.
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DISCOVERER VII

The next launch was on T November 1959. The AGENA falled to

go into orbit.

DISCOVERER VIII

The vehicle was succeésf‘ully launched on 20 November 1959,

but the AGENA inserted into an eccentric orbit with an apogee of

913 miles. The camera aiso failed sgrin. The satelllite i'ecovery

vehicle was ejected successfully, but the parachute failed to open.

# 3 ¥ * W

It had become plain by the end of November 1959 that something

(or, to be more precise , many things) had to be done to correct the

multiple failures that were plaguing the CORONA system. Eight

THOR-AGENA combinations and five cameras had been expended with

nothing to show for the effort except accumulated kndwledge of the

system's

One

weaknesses. The project techniclans knew what was going

'S
- wrong but not always why. Through DISCOVERER VIII; the system

" had experienced these major failures:

misfired on the launch pad.

Three failed to achieve orbit.

Two
Cne
Two
One
One
Ope

went into highly eccentric orbits.
capsule ejccted prematurely. _
cameras operated briefly and then failed.
camera failed entirely.

experienced a retro-rocket malfunction.
had very low spacecraft temperature.
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A panel of consultants reviewed the various failures and their

probable causes and concluded that what was needed most was
"qualification, requélifica‘bion, and multiple testing of

component parts" before mssembling them &nd sending them aloft.

This called for more money. Accordingly, Bissell submitted a .

project amendment to the DDCI on 22 January 1960 asking approval

~ of nearly $2 million additional to cover the costs of the testing

program. He apologized to General Cabell for submitting a request
for funds to pay for work that was already under way: "Although
such a sequence is regrettable, there has been considerable confusion'
in this program .as to what the amount of the overruns would be ,
and this has made it difficult 'bé o'btain[ approvals in an orderly
fashion in advance."
" As of the fall of 1959, major problems remained to be solved
in achieving an acceptable orbit, in camera functioning, and in
mcoveriné the film capsule. These wez'e the more'sex:ious of the
specific failures that were occupying the attention of the
technicians:
';l‘he AGENA vehicle was designed for use with both the
THCOR and the ATIAS boosters. The ascén£ teghnique used by the
AGENA vehicle was essentially the same in both combinations,
‘but there were significant differences in the method of
employing the booster. In the CORONA prograz;x, in order to
HANDLE yia BYEMAN
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conserve weight, the THOR booster followed a programmed trajectory
using énly its autopilot. Also, the THOR thrust was not. cut

off by command at e predetermined velocity (as in the ATIAS);
instead, its fuel burned to near-exhaustion. This relatively
inasccurate bbosting profile, coupled with the low altitude of
CORONA or‘bits;, imposed severe orbital injection comstrainis.

At a typlcal injection altitude of 120 miles, an angular error

of plus or minus l.1 degrees or a velocity deficit of as little

as 100 feet per second would result in failure to complete the
first orbit. This bad happened repeatedly. Iasting relief
from this problem lay some distaﬁce in the fﬁtﬁre: a more

powerful AGENA was being feveloped, and the weight of instrumenta=-

. tlon for measuring in~flight performance on the early flights

would be reduced onAlater operational missions. The short-term
remédy lay in & drastic welght-reduction progrém. This was
carried out in part (literslly, it is said) by attacking
surplus metal with tin snips and files.

The system was designed to operate without preésurization
(again to conserve weight), and the acetate base film being
used was ﬁe;aring or breeking in the high vacuum éxisting in
space and causing the camers to jam. A solution for thie problem

wvas found in substituting polyester for acetate base film.:
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The equipment was bullt to work best at an even and
Dredetermined temperature. To save weight, only passive _ -

: thermal control was provided. The spacecraft's intermal

temperature had varied on the flights thus far, and it was

much lower than desired on one flight. - An interim solution | O

for this problem was found in varying the thermal painting .

of the vehicle skin. (Interestingly, after the system finally . \

got into full operation, it was found that the equipment

worked noticeably better when the vehicle was running hotter'

than the supposedly optimm temperature.) .

i _ The spin-despin rockets used to stabilize the recovery

—_— \;ehicle during re-entry had a tendency to explode rather than

. merely to fire. Several had blown up in ground tests. A

solution was fqund in substituting coid gas spin and despin
rockets.

One of the most intractable pro‘bléms, whici: was to persigt
for many month.s s was that of placing thev satellite recovery \
vehicle (SRV) into a descent trajectory that would terminate
in the recovery zéne. This required ejecting the SRV from the
AGENA at precisely the right time and décelerating it by
retro-rocket firing to the correct velocity and at a suitable
angle. There was very little margin for error in this phase:

one second of error in ejection t:uﬁing represented five miles
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displacement of the recovery point; a retro-velocity vector
error of more than ten degrees would cause *he capsule to

miss the recovery zone completely.

One might ask why the CORONA program officers persisted
in the i‘ace.oi‘ suca adversivy. The answer lay in the over-
whelming intelligence needs of the period. 'The initial planning
of CORONA began at a time when we dia not know how many SEAR and
BISON aircraft the Soviets had, whether they were introducing a
new and far more advanced long range bomber than the BISON , or
whether they had largely skipped the build-up of a manned bomber
fdrce in favof of missiles. There had been major changes in
intelligence estimstes of Soviet nuéleér capabilities and of the
scope of the Soviet missile program on the basis of the results
of the relatively small number of U-2 missions approved for the
summer of 1957. However, by 1959, the great "missile gap"
controversy was very much in the :fore. ' The Soviets had tested
ICBM's at ranges of 5,000 miles, proving they had the capability of

building and operating them. What was not known was where they

were deploying them operationally and in what numbers. The U-2

bhad improved our knowledge considerably, but it could not provide

the answers to the eritical questions, and it was increasingly

becoming less an intelligence asset than a political liability.

3.
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It was judged to be only a matter of time until one was shot
down-~-with the program coming to an end as an almost certain

conseguence.

* K ¥ ¥ ¥

DISCOVERER IX
A standdown was in effect from 20 November 1959 until
4 February 1960 'b_o‘ allow time for intensive R&D efforts to

\

identify and eliminate the causes of failure. DISCOVERER IX

wvas launched on 4 February and failed to achieve orbit.

DISCOVERER X

The first recovery of film from a CORONA vehicle occurred with

the launching of DISCOVERER X on 19 February 1960, but in a manner

such that no one boasted of it as being a "first.™ The THOR

'boosfer rocket began to i‘ishtéil not long after it left the launch
pad and was destroyed by the range safety officer at 52 seconds after
lift-off. The payload came down ebout a mile from Pad 5 and was
located by helicopter, which put down a team to disarm the
pyrotechnics and guard the payload until it could be picked up.

The i‘ecovery was ma_de by & crew that rode to the scene by Jeep.

DISCOVERER XTI

DISCOVERERs VII through X carried only a quarter of a load of
film (10 pounds) to permit the carrying of additional

instrumentation for testing vehicle performance. DISCOVERER XT

- 3b4a -
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was launched on 15 April 1960 carrying & camera and 16 pounds of

e - e ot @

f{lm. A reasonably good orbit was achieved (3680 miles at apogee

and 109.5 miles at perigee), and the camera operated éatisfactorily.

All of the film was exposed and transferred into the recovery

7

capsule. Unfortunately, the problem of the exploding spin rockets, ~

which had been observed in ground tests, )occmrred during the

recovery sequence, and the payload was lost. It might be noted

that this was the first mission on which the camera operated
successfully throughout the mission, primarily because of the
change from acetate base to polyester base £ilm.

DISCOVERER XIX

e Another standdown was imposed following the failure of
DISCOVERER XI. As of mid-April 1960, there had been 1l launches
and one abort on pad. Seven of the launches achieved orbit, but mo
ca.psule‘s had been recovered. DISéOVERER XII was planned a8 a
diagnostic flight--without camera payload--heavily ix'zstrumented.
to determine precisely why recovery of capstiles had failed
previously. The vehicle was launched on 29 June 1960, but the
AGENA failed to go into orblt.

DISCOVERER XITI

The next flight, on 10 August 1960, was launched as a repeat of
the no-orbit DISCOVERER XII diasgnostic flight, without camera and film.

The vehicle was launched and successfully inserted into orbit. The
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recovery package was ejected on the 17th orbit, and retro-firing and

descent were normal--except that the capsule came down well away from

the planned impact point. The nominal impact area was approximately

250 miles south of Homolulu where C-119 and C=130 aircraft circled

awaiting the capsule's descent. The splash-down occurred about 330 '~
miles northwest of Hawaii. The airplanes were backed up by surface
ships deployed in a recoverj zone with & north-south axis of some
250 miles and an east-west axis extending about 550 miles to eiﬁher
side of the expected impact point. Although bejond the range of "
the airborme recovery alrcraft,. the DISCOVERER XIII capsule descended
i near enough to the staked-out zone to permél.t an attempt at water |,
—_ recoverj'. A shipv reached the scepe before the capsule sank and
Tished it out of the ocean. Much of the credit for the success
. was attributed to the imauguration (on the unsuccessful DISCOVERER
XITI launch) of the cold gas spin and despin rocket system.l
For the first time ever, man bhad orbi'l_;ed an o‘b,j:e_ct' in space
and recovered it according to plan. This American space "first"
beat the Russians_by Just nine days. &The Soviets had tried to
recover SPUTNIK IV the previous May but falled when the recovery
capsule ejected 1nto a higher or’bit. They did succeed in de-or‘diting '
and recovering SPUTNﬁ{ V carrying the dogs, Belka and Strelka,

/
on 20 August 1960.

. /'
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Arrangements were made for extensive publicity concerning

this success in recovering an object from orbit--in large measure

to support the cover;- story of DISCOVERE’R/CORONA as being an
experimental s;éace series. XNews photos were relessed of the lii‘t?-
off from Vandenberg, of the capsule floating in the ocean, and of '\,
the recovery ship, Haltl Victory. President Eisenhower displayed "
thé capsule to the press, and it was later placed on exhibit in !
the sinithsoni,an Institution for public viewing. (There is some
reason for suspecting that the capsule displayed by the President
and exhibited at the Smithsbnian could have been a ringer. Tilere is
an obscurely worded reference in the project files to the building
of externally identical crates end to the switching of the crates.
It may be conjectured--and it is only con,jecture--that_ i1t was planned
to substitute an unused capsule for the one that was recovered. The
plan--if there was indeed one--may not actually bave been carried out,
and whether it was or was not is perhaps of little :lmpoftanee 8
decade after the fact.)
We have all watched television coverage of the U.S5. man-ine
space p;-ogmms wlth the recovery of astronauts and capsules after
splash-down in the ocean. A helicopter flies Afrom the recovery
ship to the floating capsule and drops swimmers to attach a line
to the capsule. After the astronauts are removed, the he;'licoptezj

hoists the capsule from the water and carries it to the recovery
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ship. What most of us don't remlize 1s that the recovery technique
: wvas developed for and perfected by the CORONA program as a backe-up

in event of failure of the air catch.

i DISCOVERER XIV
Su;:cess!!! DISCOVERER XIV was launched on 18 'Aﬁgust 1960, '~
one week after fhe puccessful water recovery of the DISCOVERER XIIT i
capsule. The vehicle carried a camera and a 20-pound..load' of
film. .The camera operated eatisfactorily, and the full load of
film was exposed and transferred to the recovery cspsule. The
AGENA did not initially position itself in or‘bit so as to permit the
recovery sequence to occur. It was on the verge of tumbling during

- ) the first few orbits, and an excessive quantity of gas had to be

used in correcting the situatlon. Fortunately, vehicle attitude
became stabillized gbout midway through the scheduled f£flight periocd,

thus relieving the earlier fear that recovery would be impossl’ble.

The satellite recovery vehicle was ejected on the 17th pass, and the

~

film capsule was recovered by air snatch.

The film was flown to the Ea;tnan Kodak processing facility
in Rochester, New York, for development and was then dellvered to
PIC (now known as NPIC) for readout and reporting. Although of
substantially lower resolution than that obtainable from the U-2,
the photogfaphy was of intelligence value ’ covered areas of the

Soviet Union that had not been reached by the U-2, and this one
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satellite mission ylelded more photographic area coverage than the

. _ total of all U-2 missions that had been flown over the Soviet

' Union. Aside from the expected lower resolution, the only major

deficlencies in the photography were plus and minus density bars

(pressure streaks) running diagonally across the format. ~
A -press release announced the success of the mission but

‘paturally made no mention of the real success: the delivery of
pPhotographic intelligence. The announcement noted that the satellite

had been placed into an orbit with a 77.6 degree inc]ipation, an
spogee of.502 miles, & perigee of 116 miles, and an orbital period
of 94.5 minutes. A retro-rocket had slowed the capﬁule to re-entry
— | - veloclity, and a parachute had been released at 60,000 feet. The
capsule, which weighed 84 pounds at recovery, was caught at 8,500
feet by a C-119 airplane on its third pess over the falling
parachute.
| . The program offlcers did not take the success oi: DISCOVERER
XIV to mean that their problems with the system wére at an end,
even though many of the earlier difficulties.had been surmounted.
The orbital injection technique had improved to a point such -that.
vehicles were repeatedly put into orbit with injection angle errors
of less than four-tenths of a degree. The timing of the ip.itiation .
of the recovery sequence Iiad been BO n.sﬁned that ejection of the |

DISCOVERER XI SRV occurred within five seconds of the planned time.
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Parachute deceleration and air catch of the capaule had'been
accomplished repeatedly with capsules dropped from high-altitude
balloons. The last two cameras placed in or'bit.vhad operated well. -
However, there were other critical problemé that remained to be
solved. Foremost among them at the time was that of consistently
achieving the correct retro-velocity and angle of re-entry of th_e
recovery vehicle. The DISCOVERER XIV capsule was the only one

thus far that had descended in the designated impact zone. This

.was a problem that was to receive major attention during the

next few weeks,

Four more cameras ﬁere launched within the next four months |
with one success and three fallures. DISCOVERER XV was sent aloft
on 13 September. The vehicle was successfully inserted into 'or'bit,
and the camera functioned properly. However, the recovery irehicle'
re-entered at the wrong pitch attitude, causing the capsule to

come down outslde the recovery zone and demonstrating that the

technicians' concern over the retro-firing sequence was well founded.

‘The capsule was located, but 1t sank before a recovery ship could

reach it. DISCOVERER XVI was launched on 26 October, but the AGENA
failed to go into orbit because of a malfunction of a timing device.
The first ten camera-equipped vehicles carriéd vhat was known

as the C camera: a single, vertical-looking, reciprocating,
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panoramic camera that exposed the film by scanning at a right angle

to the line of flight. DISCOVERER XVI carried the first of a new
series of cameras known as the C Prime (C'). The C*' differed only
siightly from the original C configuration and was essentially
1ittle ﬁcra thon 2 -folleow-cn rracurezent of the C camera.
'The DISCOVERER XVII mission was 1s.unchéd on 12 November and
- went the full route through succeésful air catch—-excépt for one
mishap: the film broke after 1.7 feet of the leader had fed
'through the camera. There is an incénsistency in the available
records on this and the succeeding mission. The press release
concerning this mission announced that the AGENA B, a more powerful
secohd—stage engine, was used for the first time; the prolect files
record the first use of the B vehicle on the following mission.
There is support for the accuracy of the press release in the fact
tﬁ;t this was the first flight to carry a'full 39-pound film load
pe'mittin.g the first of the two-day missions. The capsule was
recovered on the 31lst orbit.
Success again! DISCOVERER XVIIT was launched on 10 December
1960 carrying 39 pounds of film. Orbit was achieved, and the camera
worked well, exposing the entire film load. The recovery vehicle was
ejected on revolution number L8 after three days in orbit, and the

. capsule was xetrieved by air snmatch. This was the first successful
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mission employing the C' camera and the AGENA B second stage.
There was fogging on the first, second, and last frame -of each'
rhoto pa;ss, but Image quality was otherwise as good as the best
from DISCOVERER XIV. .

Of the 'next ten launches, extending from December 1960 through
3 August 1961, only four were CORONA missions. DISCOVERERs XTX and
XXI carried radiometric payloads in support of the CORONA cover
story, and they were not intended %o be recovered. DISCOVERER XXT
included an experiment that was to be of wmajor éi@iﬁc&nc’e in the
later development of CORONA and other space programs: the AGENA
eﬁgine was successfully restarted in space.

DISCOVERER XX was the first of a dozen launches extending
over a period of three years carrying mapping ‘cameras, which the
President had approved for inclusion within the CORONA project.
The purpose of the mapping program, -vhich was known as ARGON 3
was to obtain precise geodetic fixes and an extension of existing
datum planes within the Soviet Union. ARGON accon'xplished
substantially less than its intended goal, in jarge part 'bgcause
of the limitations imposed by the very short foeal length of the
mapping camers.

DISCOVERER XX was itself a bust on & mumber of counts:
the camera failed; there were no shutter firings; and the

orbital programmer malfunctioned. This last~named failure led
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to an important change in control procedures for CORONA. On

this and all prior flights the recovery sequence was initiated

v e e @ oam

automatically by an ejection commend cut into the program tape
; The program timer falled temporarily on orbit 31 of this mission
causing the entire sequence.to be a‘pout one-half cycle out of '\‘”
phase. The automatic initlation of the recovery sequence was ) | \
eliminated from the program tape on su'bseq,uen’s missions.
Thereafter, the positive issuance of an ejection cormand was
required.
Of the four CORONA missions attemp‘l';ed between December igéo_
. and August 1961, two did not go into orbit as a consequence of .
S AGENA fallures, and two were qualified. éuccesses. DISCOVERER XXV
. ‘was launched on 16 June and exposed its full load of film. The air
catch falled, but the back-up water recovéry was suécessful_. The
camera failed on revolution 22 of DISCOVERER XXVI, which was

®
launched on 7 July, but about three-guarters of the film was

exposed and wes recovered by ailr catch.
Going into August 1961, a total of 17 camera-carrying CORONA
missioné had been attempted, and usabie photography had been
: recovered from four of them. An appreciation of fhe capaclty of the
| CORONA camera to photograph large areas of the earth's surfece .
can be gotten from the fact that Just four successful missions had

yielded plottable coversge of some 13 million square miles,
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representing nearly one-half of the tctal area of interest.
Part of this coverazge was redundant as a consequence of multiple
Dhotographic passes over the same target areas and would become
increasingly so as long as mission life remained at two days.
The Tirst subriantial upgrading of the CORQXA cameraAsystem
Acame with the introduction in August 1961 of the C Triple Prime
(c''') camera. The original C camera was & scanning panoramic
camera in which the camera cyecling rate and the velocit&«over-
height ratio were constant and were selected before launching.
Image motion compensation was fixed mechanically to the veloecity-
over-height ratio. A brief expianation of these terms may be
helpful in understanding the nature of the problems with whicﬁ
the .camera designers had to cope.

A means must be provided for matching the number of Ffilm
exposures in.a given period of time (camera cycling rate)
with the varying ratic between vehicle altitudé and veloclty
on orbit (veloecity-over-height) so that the ground aree is
photégraphed in a series of swaths with neither gaps nor
excessive overiapping in the coverage.

If.the subject moves jusf as a spapshot is taken with a
hand-held camera, and if the camera shutter speed is not fast
enough to "stop" the motion, the photographic image will be

smeared. To a camera peering down from an orbiﬁing CORONA
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space vehicle, the earth's surface appears 1o be paésing

beneath thé camera a8t a speed of rough}y five miles per

secohd. A camera photographing the earth's surface from e

| satellite moving'at that speed would yield smeared photography

if some means were not provided for storping the relative

motion. The technique used in accomplishing this is known

as image motion cémpénsation.
The C''' was also & reciprocating camera with a rotating lens cell,
which exposed the film during a segment of its~rotation. The new
camers, héd a larger aperture lens, an improved film transport
mechanism, and a gfeéter flexibility in command of camera and vehicle
operations--especially as regards control of the velocity-over~
height factor. The larger aperture lens permitted use of slower
film emulsions, which, combined with the "improved resolving power
of the lens itself, offered the prospect of yielding photography
with & ground resolution»approximately twice as good as with the
C and C' cameras. |

The first C''' camera system with a 39-pound film load was

launched on 30 August 1961. The .mission was a success, with the

- thg -
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full f1lm load being transferred and with ejection and recovery
occurring on the 32nd revolution. However, all frames of the 1
photography were out of focus. The cause was identified and was

corrected by redesigning the scan heasd. Seven more missions were

: launched during the last four months of 1961, three with the C' N
camera &and four with the C'''. 8ix of them attained orbit, and
the cameras operatéd satisfactorily on all six. Flim was recovered
from four of the missions. The last of the four, which carried ‘
B C'1t ca:ﬁéra Bystem, was rated the best mission.to date. It also
had 8 cover assigmment to carry out: the injeétion of a secondary
. . satellite, dubbed OSCAR, into a separate orbit. OSCAR was a small,
radio satellite broadcasting & signal on 145 megacycles for pick
~ up by amateurs as an aid in the study of radio propagation
' phenomens .
Slowly but surely the bugs were being worked out, but it seemed
: ’

that Just as one was laid to rest another arose to take its place.

Perhaps what was actually happening was that various sets of

problems existed simultaneocusly, but the lmpartance of some of them
was masked by others. The elimination of a particulaf"pro‘blem
made 1t possible to recognize the significance of ancther. The
recent successes had resulted largei:,r from correcting wesknesses in
the payload portion of the system. At the same time, difficulties .

in the AGENA vehicle began to surface. Of the last seven miseions
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in 1961, four experienced on-orbit difficulties with the AGENA

power supply or control gas system.
Power system componezits for general use in satellite systems

were designed, developed, and tested in the CORONA program.

s e S, o et S

Foremost among those components weré the static electronlc ~

inverters used to convert direct current battery energ); int§ s
‘ the various alternating current voltages required by the otherv \

subsystems. Static inverters, which were first flom aboard

CORONA vehlcles, were considered essentlal, because they had

half the weight and double the ef_ficiency of thelr fotary counter-

rarts. Unfortunately, they are rather temperamental gadgets. The
-~ history of inverter development had been marked by high failure
rates in system checkouts on the ground. Desplte the lessons that
bad been learned and the improvements in clrcult design that
reéultéd from them, the recent on-orbit power fallures demonstrated
a need for further research and development. '

_ The AGENA falled on DISCOVERER XXXVII, launched on 13 January
1962, and the payload did mot go into orbit. It was the last
mission to carry the C''' camera system, and with it the DISCOVERER
series came to an end. After 37 launches or lsunch attempts, the
cover story for DISCOVERER had si.mply worn out. With the improved

record of success and the near-certainty' of an even betier record

in the future, it seemed llkely that there would be as many as a
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: ﬁozen and a half to two dozen launches per year for pérhaps years

to come. The cover story that DISCOVERER was an experimental series
haa ceased to be tenable » and no other cover story was available
to account for the number of launchés and their unigue mission
profiles. So, beginning with the 38th launch, CORONA missions
were announced merely as being secret Air Force satellites.
On 18 April 1962, the Air Force announced the issuance of a new .
directive classifying all information pertaining to military
satellites and eliminafing the DISCOVERER, SAMOS, and MIDAS
series Aesignations. |

The 1961 R&D effort was not confined to improving the
performance of the existing system. A major develoﬁment program
was concurrently under way on a much better camera subsystem.
A contract was awarded on 9 August 1961, retroactively effective
to 20 March, for a new camera configuration to be known as MURAL.
The MURAL camera system consisted essentially of bwo C!''! cameras
mounted with one pointing slightly fo;ward and the other slightly
backward. Two 4O-pound rolls of film were carried in a double-
spocl film supply cassetie. The two film webs were fed.separétely
to the two cameras where they were panoramically exposed during
segments of the lens cells! rotations.and then were fed to a double-
spool take-up‘cassette in the satellite recovery vehicle. The

syster was designed for a mission duration of up to four days.

- 47 -
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The vertical-looking C, C', and C''' cameras had‘photﬁgraphed
the target afea by éweeping across it in successive overlapping
swaths. The MURAL concept involved photographing each swath area
twiée. The forward-looking camera first photographed the swath at
an angle 15 degrees from the vertical. Abouf a half-dozen frames
later, the backward-looking camera photographed the saﬁe éwath at
an angle also 15 degrees from the vertical. When the two resulting
photographs of the same area or object were properly éligned in a
stereo-microscope, the photography ﬁould appear to be three-
dimensionél. Simultaneous operation of both instruments was
required for stereo photogréphy. If either camera failed,
rhotography could still be obtained from the other, but it could
be viewed_in only two dimensions.

The first MURAL camera system was launched as program flight )
number 38 on 27 Februéry 1962. The twenty-sixth, and last in the
series, was launched on 21 December 1963. Twenty of the SRV's were
recovered, 19 6f them by air snatch. The one water Tecovery was
of a capsule thet splashed down a thousand miles from the nominal
impact point. Of the six vehicles that failed, two malfunctioned
in the launch sequence, one:SRV failed to-eject properly, and three
capsules came down in the ocean and sank before they could be
recovered. Twenty successes out of 26 tries was a remarkable record

when viewed against the difficulties experienced only two years earlier.
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X . - The three capsules that sank came down in or near the recovery

 zome s Indicating that the problems previously encountered in the re-

i entry sequence had been solved. They were no-l; supposed to sink so

; quickly, however. (One of them floated for less than. three minutes.)

To minimize the chance of & capsule being retrieved by persons other N
than the Axheriéan recovery crew, the capsules were designed to float y

for a Perlod ranging originally from one to three days and then to

sink. The duration of the flotation perlod was controlled by a capsule
sink valve containing compressed salt, which would dissolve in seg
vater at a rate that could be predicted within rather broad limits.

p When the salt plug had dissolved, water entered the capsule, and it

——— sank--ingenious but simple.

| Project personnel give an amusing account of the testing of
the rate at which the sink valve salt plug would dissolve. They
found an old four-legged tub and set 1t up in the test facilitj'.

. }
The tub was filled with sea water to make sure that the tests would

exactly match the conditions existing at splash down. The tub was

large, and filling it required meking repeated trips to Half Moon Bay

with a 50-gallon drum in the back of a plck-up truck. At first,

the drum wvas filled from an old wooden dock extending into the bay,
but the owner caught them filling the drum one day and chased them
off. Hé seemed less concerned over the use of hig dock than

with the wholesale pilfering of "his" sea water. Thereafter, the
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salt vater acquisition crew had to.descend to the bay on foot along

& steep and twisting natural path leading down the cliff. Carrying a
full drum weighing something over 400 pounds back up the path was |

not an-easy task. The ascents were made \d.'bhout incident, but on one
descent the barrel-carrier stumbled and pitched headlong into the '~

bay. He is cited by project personnel as being a man whO'mglly

threw himself into his work.

Other- significant improvements in the CORONA program were
insugurated dgring the lifetime of the MURAL system. One of them
was an ald to photo-interpretation. In order to read out the
photography, there are certain collateral facts that the photo-
interpreter must be told or be able to determine about each ﬂame
of the photography. He must be able to ascertain the portion of the
earthts surface that is imaged, the scale of the rhotography, and
its geometry. In simplest termé, he must know where the vehicle was
and how it was oriented :Ln.space at the precise time' the plcture
was taken. Until 1962, the ground area covered by a particular ‘
frame of photography was identified by combining data provided on
the orbital path 'of the'vehicie with the time of camera firing.
The orientation or attitude of the vehicle on orbit was determined
from horizon photographs recorded at each end of every other frame.

fran a pe.ir of horizon cameras that were included in the CORONA

~ Camera sysotem.

HANDLE via BYEMAN '
CONTROL. SYSTEM ONLY

- 50 -

» mam e mem meme e e P PR - _.'.....;... fl!'llll v

3 K “"] "|’|1 ,,“
. \‘ ,;1’2\ ,” w,.l\ i

-,._. e

Apprbved for Release: 2023/10/17 C05144839

fey ST -.5'..5: - e ey

i



C05144839 Approved for Release: 2023/10/17 CO5144839

L e e e

SE-eRFT

A

|
)
|
]
|
1
|
s
|
|
!
*,
,

Beginning with the first of the MURAL flights, an index camera

was incorporated into the Photographic system, and a stellar camera

was added a few missions later. The short foecal length index camera

took & small scale photograph of the area being covered on a much

larger scale by successive sweeps of the pan cameras. The small scale

photograph, used in con,juncfion with orbital data, simplifiéd the

problem of métching the pan photographs with the terrain. Photographs

taken of stars by the stellar camera, in combination with those taken

of the horizons by the horizon cameras » Provided a more precise means ]

of. determining vehicle attitude con orbit. ' i
. The photography from jrogram flight number 47, a MURAL

mission launched on 27 July 1962, was marred by heavy corona and

radiation fogging. The corona problem was a persistent one--

disappearing for a time only to reappear Later—-'and had become

e€ven more severe with the advent of the complicated fiim transport

mechanisms of the MURAL camera. Corona marking was caused by
sparking of static electricity from wmoving parts.of the system,
especially from the film rollers. The problem was eventually solved

by modifications of the paris themselves and by rigid qualification

testing of them.
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The boosting capacity of the first-stage THOR was substantislly

increased in early 1963 by strapping to the THOR a cluster of small:

solid-propellant rockets, which were jettisoned after firing. This
Thrust Augmented THOR, or TAT as it came to be known, was firet used
for thé launching of the heavier IANIARD camers system. ILANYARD was
developed within the CCRONA program as a modification of one of

the‘ CameTas designéd for the SAMOS system and, with its longer focali
length, was expected to yleld better resolution than the CORONHA
cameras. It had a single lens cell capable of Bte;'eoscopic coverage
by swinging & mirror through a 30-degree angle. Three flights were
attempted, only one of which was pé.rbially successﬁ;l. The camera
had a serious lens defect, which was later identified and cormcteci.
The IANYARD program was inltisted as sn interlm system pending

the completion of & high-resolution spotting system then under
deyelopngnt. It was cancelled upon the success of the spotting
system. The TAT booster ltself was a signal_success,. permitiing

the later launching of heavier, more versatile CORCNA systems.
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Program flight number 69, launched on 2k August 1963, introduced
the first two-bucket configuration--the next major upgrading of the

CORONA system. (The film recovery capsule is commonly referred to

‘as & bucket, although it more neai'ly resembled a round-bottomed

kettle.) The new modification, which was known as the J-1 system, S
retai(nedl;the MURAL sterepscoi:ic camera concept but added a second 5
film capsule and recovery vehicle. With two SRV's in the system,

film capacity was increased to 160 pounds (versus the 20-pound

capelcity of the first few CORONA missions). The two-bucket system

was designed to be deactivated or stored on orbit in a passgive

(zombie) mode for up to 21 days. This pemitfed the recovery of -

the first bucket after half of the film supply was e:@osed.. The

second bucket could begin filling A_innnediately thereafter, or ite ’ ,‘
start could be delayed for a few days. A major redesign of the
command and control mechanisms was required to accommydate the
more complicated mission profile of the two-bucket system.

As with each of the major modifications of CORONA, the J-l
program had a few early bugs. On the first mission, the shﬁtter
on the master horizon camera remained open about 1,000 times
seriously fogging the adjacent pan photbgraphy, and ‘the AGENA
current inverter failed in mid-flight making it impossible to
recover the second bucket. Also, the J-1 system initially experienced

a rather severe heat problem, which was solved by reducing the thermal
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" "event." By the end of 1966, 37 J-1 systems had been launched; 35

sensitivity of the camera and by better control of vehicle skin
temperature through shielding and varying the paint pattern.

Back in 1960 and 1961, the successful recovery of a CORONA
f1lm bucket was an "event." A mere two years later with the advent’

\ ’ .
of the J=-1 system, success had become routine, and a fallure was an .

of them were put into orbit; and 64 buckets of film were recovered.
There were no failures at recovery in the three years following
1966; 28 buckets were launched, and 28 buckets were recovered.
Also, mission duration was greatly expanded during the lifetime-
of the J-1 system. , A mission in June 1964 yielded four full days ,
over target on each of the two buckets. Flve full days of N
operation on each bucket was attained :Ln January 1965. In April
1966, the first bucket was recovered after seven days on orblt. A
;
13-day mission life was achieved in August 1966, and this was
increased to 15 days in Jume 1967. '

The increased mission life and excellent recbrd of recovery
resulted from a mumber of successive improvements that were
incorporated into the J-1 program. Among them was a subsystem
known as LIFEBOAT, a completely redundant and self-contained
apparatus built into the AGENA that could be activated for
recovering the SRV. in event of an AGENA éower failure (which
still happened occasionally). Another improvements was the
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introduction of the pew and more powerful THORAD booster. A third was
the addition of a rocket orbit-adjust system. The CORONA vehicles
were necessarlly flown with a quite low perigee over the target areas

in order to increase the scale of the photography; however, the low

. perigee resulted in a relatively rapid decay of the orbit. The '\.

orbit-adjust system compensated for the decay. It consisted of a
cluster of small rockets, known as drag make-up units, which were
fired individuﬁlly and at selected intervals. Eﬁch firing
acceierat.ed. the vehlcle slightly, boosting 1t back into
approximately 1ts original orbital altitude.

The CORONA camera system was to undergo one more major
upgrading, converting it into the system that is in operation today,
but we cannot leave the J-1 program without giving an account of one
nission failure. of truly mwagnificent proportions. Program flight
mumber 78 (CORONA Mission Number 1005), & two-bucket J-1 system,
was launched on 27 April 1964k. Iaunch and insertion 'into orbit
were uneventful. The master pahoramic camers. operated satisfactorily
through the first bucket, but the slave panoramic camera failed
after 350 cycles whAen. the film broke. Then the AGENA power supply
failed. Vandenberg transm.itted & normal recovery enable command
on southbound revolution n@ber 4T on 30 April. The vehicle
verifiéd receipt of the command, but nothing happened. The recovery

command was repeated from various control stations~-in both the
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normal and back-up LIFEBOAT recovery modes--on 26 subsequent passes
extending through 20 May. The space vehicle repeatedly verified
that 1t had received the commands, but the ejection sequence did not .‘

occur.  No further recovery commsnding was attempted after the 20th,

since the vehicle had ceased on the 19th to acknowledge receipt. '\,‘
The Mission 1005 séace hardwere was doomed to0 incinerstion. The
o vehicle would gradually sink into a progressively lower orbit until

it finally entered the atmosphere and was destroyed in a fiery display

of exploding rockets and gas bottles and of blazing vehicle fragments.

It didn't happen quite that way, however. A commercial

R - photographer named 'belgphoned the American Embassy,

— ' in Caracas on 1 Augus’c; 1964 to report that he had photographed a
space satellite that had fallen in Venezuela. The report set in
train a series of enquiries that discovered, after the fact, what
had happened to Mission 1C05.

. At six minutes past midnight on the morning of .';6 May,
coinciding with northbound revolution mmber 452 of Mission 1005,

observers in Maracaibo, Venezuela, saw five incendiary objects

in the sky. Seven minutes later, the Mooréstown, New Jersey,.

SPADATS station made radar sightings of small residual ob.jécts in
the atmosphere. The DEW line made three radar hits on objects of
unknown size. The Thule tracking station did not detect the

Mission 1005 vehicle on pass number 452.
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On 7 July, lh-year-old and ho-year-oid *

Estumbled upon a battered, 'glimmering gola object lying on
nearly deserted mountainous terrain within a couple of miles of the
Colombian border and near the village of Ia Fria in Tachira State

in southwestern Venezuela. The object was on Farm No. 35 owned

by but worked for

the owner of neighboring Farm No. 36. They reported their £ind to-
their employer. He had the ob.ject moved about 100 yards onto his own
Property and then sent out word of the find an attenpt to sell

the object. However, the market for fallen space objects (even gold-

plated ones) is limited in Tachira, and could not even

get a worthwhile offer to have it smuggled into nearby Colombia,

The find was not a total loss, however: by hacking and prying, I
S and his employees managed to remove the radio transmitter -

and various pieces of the take-up Assembly, using thep as household |

utensils and as toys for the chil;lrgn. ' _

Before long, word of the find reached San Cristobal, the nearest ,
c¢ity of'any size, and people began Visiting Ia Fria to examine the
curious object from space. (It was the first bucket i;rom Mission

1005 with one full spool of well charred film clearly visible.) ' One

of the visitors was the rhotographer, who passed the word to

the Ame;'ica.n Embassy. A team of CORONAl jarogram officers, ostensibly

representing the U.S5. Air Force, flew to Caracas to direct the recovery
_ ‘ ,
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operation and ship the capsule and any other fragn;ents that could be
found tob the States for detailed examination.l ‘The capsule was carried
out part way by campesinos on foot and then was takeri over by the
-Venezuel&n Defense bMinistry and flown to Caracas. The USAF bought
the crumpled specimen from ‘the Venezuelan govermment and 'quietly
.dismissed the event as an un;tmpoz‘tant NASA space experiment' that

*  had gone astray.

The story rated only a dozen lines in the New York Times of

August fifth, but the local Venezuelsn press had a field day.

Diario Catolico, of San Cristobal, along with a lengthy:rrepord,

published three pictures of the capsule showlng the charred roll’
- . of film on the take-up spool. The photographs are reproduced on

the following page. The Daily Journal handled the story in

lighter vein with this parody of Longfellow:
I shot an arrow into the air. .
It fell to earth I know not where. v
Cape Kennedy signalled:. "Where is it at you are?"’
Responded the rocket: "La Fria, Tachira."
Many of the bits &nd pieces that appeared in the first on-the-
\ scene photogmphé, as well as other items that were nown to be in

the capsule, were kept by those who had handled it ; however, three

objects were i*eccve:;ed that were not supposed to have been in the

capsule at all: three U.S. coins--two quarters and a buffalo ni.ckel.,

They apparently had been placed in the capsule _hy Program personnel .
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for later recovery as souvenirs from & space flight. The Washington
program office sent a sharply worded message to the west coast office
charging it with responsibility for ensuring that the practice of
souvenir-iaunching be stopped. (

The CORONA technicians who examined the‘ capsule after its
arrivél in the States concluded that the re-entry of the SRV came
s a result of normal orbit degeneration with> separstion from the
instrument fairing being caused by re-entry forces. The fhrust
cone was sheared during separation but was retained by 1ts harness
long enough to act as a drogue chute, thuspreveﬁting the capsule
from burning up dufing re-entry end stabilizing it for a hard, nose-
down landing. |

The final major modification of the CORONA system got under
way in the spring of 1965 at a time when sbout a dozen and a half

of the two-bucket J-1 systems had been flown. The J-1 was rerforming

superbly, but it had little potential for within-system growth.

~ The new CORONA improvément Program was begun -with a serles of

meetlings among representatives of Loék.heed, General Electric, ITEK,
and the various CORONA program offices to examine ways of bettering
the performance of the panofamic and stellar/index cameras and of
providing B more veréatile command system. These were the‘ resul%;ing

design goals established for a new panmoramic camers:
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Removal of caméra system osclllating members snd reduction
of vibration from other moving components,

‘Tmprovement of the velocity-over-height match.

Proper cameras cycling rates at altitudes down to 80 n.m.
(the minimum J-1 operating altitude was 100 n.m.).

Elimination of camera failures caused by film pulling out of
.the guide rails (an occasionsl problem with the J-1 system)..

Exposure control through variasble slit selection.

Capability of handling alternate film types and split film
Lloads.

Capability of handling ultra-thin base film v(yieiding a 50%
increase in coverage with no increase in weight).

The panoramic camera that was developed to meet those design
goals was known as ﬁhe constant rotator. The predecessor C''!
camera employed & combination of rotating lens cell and reclprocating -
camera members. In the constgnt rotator, the lens cell and the
‘oaiax;ce of the camera's optlical system is mounted in a drum, 'and
the entire drum assembly is continuously rotated, thus eliminating
the reciprocating elements from the camera system. The £11m is
exposed during a TO-degree angular seénent of the d:.;t.nn's u;:ircﬁlar
sweep. The capa’oili’ty of using ultra-thin base film was one of the
design goals, but the camera was not actually built to accommodate
the thinner film. Attempts to use 1t in the constant rotator were
eventually abandoned. In a1l octher respects, however, ‘the constant

rotator has been a resounding success. It has ylelded substantially
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better ground resolution in the photography, and it permits versatility

in operation far exceeding that availlable in reciprocating cameras.

; ' The stellar/index camera in use was & complex and delicate

| instrument with a long history'of erratic performance. The efforts
at upgrading the performance of the stellar/index camera resulted
in sn instrument with a dual—iooking stellar element with the Jaw-
breaking designation of Dual Improved Stellar Index Camera, commonly
referred to by its acronym: DISIC.

The new camera system, which was designated the J-3,'consisted

of a pair of constant rotators, a palr of horizon cameras, and é
DISIC. The J-3 system naturally retained the stereo capabllity

4 begun witﬁ the MURAIL cameras and the two-bucket recovery concept
of the J-l; Apart from the improved picture-taking capabllity of
the hardware itself;, the most significant advance represented by
the J-3 was in thé flexibllity it allowed in command and control
of camera operations.‘ Any conventional area search éhotographic
reconnaissance syétem 15 film-limited. (When the film runs out,
the mission is finished--assuming, of course, that other mission-
limiting compopents of the system survive that long.) Consequently,
the ultimate goal of all of the CORONA improvement efforts was to pack
the maximum of the best possible quality of ﬁhotography of important
Intelligence targets into each roll of exposed.fibm. The built-in

flexibility of the J=3 system greatly increased the variety and
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,degme of controls that could be applie& to cemera operations, thus

substantially boosting the potential intelligence content of the
photography. '
The first J-3 system was launched on 15 September 1967, and
it is the system that is still in operation today--ylelding even - S
. better photographic intelligence tha?.’ the remarksbly successful
predecessor J-1 system. However, the years of CORONA as the |
intelligence .community‘s only area search photographie‘ reconnalssance
satellite are about to end with the advent of & wholly new system )
designed to do the Jjob even better. |
Looking back on CORONA as it is about to fade from the scene ’
1t is not always easy to keep in mind that if waé nierely an
assemblage of inanimate objects designed and put together to
perform a mechanical task. The program began as & short-term ,
interim systeﬁ, suffered through adversity in its formative years,
and then survived in glory for the better part of a‘decade. Those
who were associated with the program or came to depend upon its

product developed an affection for the beast that bordered on the

rersonel. They suffered with it in failure and revélled in 1its
successes.
The totality of CORONA's contributions to U.S. intelligence
holdings on denied areas and to the U.S. space program in general
is virtually unmeasurable, Its progrees was marked by a serles of
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notable firsts: the first to recover objects from orbit, the
' o first to deliver intelligence information from & satellite, Athe
first to produce stereoscoplc satellite photography, the first to
employ multiple re-entry vehicles, and the first satellite
. reconnalssance program to pass ‘the 100%mission mark. By March
y ;1964, CORONA had’jhot'.ogmphed 23 of the 25 Soviet ICEM complexes )
' then in e’xistence ;' three months later it had photographed all of
them. The value cf CORONA to the U.S. intelligence. effort is
givenAdimensidn by *his statement in a 1968 intelligence report:
"No new ICBM complexes have been estasblished in the USSR during
the past year." So unequivocal a statement could be made only
= . because of the confidence held ‘Dy. the analysts that, if they were
there to be found, CORONA photography would have disclosed them.
"When the ﬁ.nal CORONA mission is flown, history will record = /
that the program explored and conguered the technological unknowns '

®

, of space reconnaissance, .lifted the curtain of secrecy that

screened developments. within the Soviet Unlon and Communist Chins,
and opened the way for the even more sophisticated follow-on

satelllite reconnsissance systems.

Al
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