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FOREWORD

This is the fifth in a series of histories in which the USAF Historical
Division Liaison Office has sketched the planning, policies, and evolution of USAF
ballistic misgsile dévelopment and deployment programs. The other studies.are:
Plans and Policies for the Ballistic Missile Initial Operational Capability Program;
USAF Ballistic Missiles, 1958~1059; USAF Intercontinental Ballistic Missiles,
Fiscal Years 1860-1961; and USAF Ballistic Missiles, Figcal Years 1962-1964.

The current history deals with the retirement of Atlas and Titan I, des-
cribes USAF efforts to modernize and improve Minuteman, and discusses
. national strategy as reflected in the size and composition of the intercontinental
ballistic missile force. One chapter is devoted to programs aimed at insuring
the continued effectiveness of Minuteman and Titan II. Other chapters deal with
development of reentry systems, the penetrations aids program, and the search
for more advanced missile systems.

‘MAX ROSENBERG :
Chief

USAF Historical Division
Liaison Office
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1. THE OPERATIONAL FORCE

(U) As fiscal year 1965 lsegah," ‘t'he"bberational intercontinental ballistic missile {ICBM)
;force was undergomg a reformatlon that-both reduced the types ‘of missiles in the USAF
inventory and at the same time ‘increased the versatility of those retained. The reductmn
in kinds resulted from'a decisicn by Secretary of Defense Robert S. McNamara to hasten
the phasing ‘out of the Atlas and Titan I. -The planned improvement in quality involved
acquisition of 200 'Iinpx‘oved‘Minuteman ICBM's and modernization of the remainder of the-

1,000 - migsile Minutéman force.-

The Ret1rement of Atlas and Tltan I

(;!> 9} Because of the inherent complexlty of the Atlas and T1tan 1 mlssﬂes due in part

to. the usé of ca.qtankerous 11qu1d oxygen to help propel them the A1r Force ds early as 1963
reqtlested and.recelved approval to retire -‘th;,_e‘_plcﬂler ICBM‘S as. replacemen’cs bec;lme available.
The first'missile to leave the operational force was Atlas D, which was phased out during
the spring and siimr_rief of 1964, While this pionieer weapon system lxvas being retired, Secre-
tary McNa.mara in May 1964 dlrected the Air Force to phase out Aﬂas E and Titan I mlssz.les
d\lrmg flscal year 1965 rather than retam them into flscal year 1966 and 1967 as or1g1na11y
planned Atlas F he said, would remam operatlonal only mto flscal year 1969, mstead of
through fiscal year 19 70 In—cNoven:‘L-ber 19.64", El.lowever, McNamara declded that al_l the older
missiles Would be deactivated‘ by the end of fiscal yearlgtﬁé.“ 1 '

{U) Once the'decision had been made to retire these weapons, the Air Force faced the task

of removing the missiles from their launchers, clcsing dcwn 1eunch and su_pport facilities

. finding use for the excess missiles and other surplus equ1pme11t and, if poss1b1e dlscovermg

some future mission for the aba.ndoned mstallatmns themselves The Air Force Loglstlcs .
Command (AFLC) assumed respons1b111‘ty for thls undertakmg and orgamzed srte deact1vat1on

task teams at the Strateglc Air Com_mand (SAC) bases that .had supported this segment of the
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missile force. SAC, which manned the missile sites, contributed men to each deactivation

tagk force. After these units éompleted their work, AFLC was to become caretaker until

the Air Force either furned the property over to the General Services Administration (GSA}

for disposal or assigned it {0 another command, 2
(U) The first steps toward site deactivation were taken by SAC gpecialiste who detached the

reentry vehicle and various other system components, removed the missile, and disposed

" of propellants, gases, and other fuels. AFLC thereupon assumed responsibility and its

deactivation crews salvaged communication and electronic gear, generators, and other excess
‘equipment, until all that remained were the permanent structures. The abandoned site could
now be transferred to GSA or set aside under AFLC control for future use by the Air Force.

4
(U) Atlas E, E and Titan I site deactivation took place as follows; -

Strategic' Missile Support Base Type Firsgt ICRM Last ICBM Last ICBM
Sguadron : off Klert off Klert Shipped
oL #* Forbes Atlas E Iy Jan 65 28 Jan 65 ‘ 8 Feb 65
566 % Warren Atlas Bk Jan 65 30 Jan 65 B Feb 65
578 % : Dyess Atlas F " 1 Dec 6 3 Feb 65 10 Feb 65
577 % ‘ Altus " Atlas F 30 Dec 6 L Feb 65 10 Feb 65
579 % Walker Atlas T 5 Jen 65 b Feb 65 10 Feb 65
568 * Larson " Ttan'I I Jan 65 2 Feb 65 8 Feb 65
850 * ' Ellsworth Tit_an I L Jan 65 1 Feb 65 12 Feb 65
e Beale Titan I 4 Jan 65 22 Jan 65 10 Feb €5
567+ . Fairchild Atlas E 17 Feb 65° 31 Mar 65 5 Apr €5
550 + o Schilling Atlas F . 1Feb €5 5 Mar 65 11 Mar 65
556 + " Plattsburgh’ Mlas P 12 Mar 65 10 Apr 65 13 Apr 68
551 4 . o Lincoln . Atlas F .10 Mar 65 © 12 Apr 65 20 Apr V65
569 + " Mountain Homs ‘Titan T . 17 Feb 65 . 1 Apr 65 8 Apr 65
724 & 725 +. - Lowry . TtenI 17 Feb 65 26 Mar 65 15 Apr 65

% Unit inactivated 25 March 1965
+ Unit inactivated 25 June 1965




(U) Diesel generators removed from the vacated sites proved of immediate value to the

Air Force. Of 196 units, rated at various outputs, that became available by the end of
June 1968, 97 were earmarked for Southeast Asia where they would be used to pr;avide power
y t§ American military installations. 5
(U) mhe Air Force anticipated many alternate uses for the surplus missilés. By
-'refurb‘isﬁing and modifying.these discarded weapons to support several current research and
developmefit projects, it expected to save, for each launching, -about one-third the cost of
‘a new booster, For example, the Atlas missﬂes were well suited for advanced I;allistié
missile reentry research and also to support the Army's effort to develop a defense against
ballistic missiles, Ther_e» was, however, no demand for.Ti;can I and, in the spring of 1966,
the Aerospace Corporation advised the Air Sfaff agéinsft"its continued storage. 6
6_,)—“111 the meantime, t$e<'Air Force was trying to find uses for Minuteman missiles that
3 . would become exéess because of force modernization, As-1966 drew to a close, the Air
Forée's pléng called for storing 93 missiles. These surplus weapons would support surveil-
, . lance e:q'aer?;nents and varit;us USAF projects. Other plans called for the probable use of

an additional 80 missiles to support the Army's anti-missile development work, 7

(u}“ Besides seeking uses for surplus equipment and missiles, the Air Force studied what

BT S

to do with th'ga excesszlau;lching sites. In December 1984 Secretary of the Air Force Eugene
M. Zuckert ordered the retention of those facilities thafc seen.ied. to have potential .worir:h,
-Bince Atlag E sites were considered too coﬁpact to be of vé.lue_, the Air ]J?orce subsequently-
, exémingd possible uses of the Atlas F and TitanI complexes. . The to;:al nux.xlbéf considered
usable--six Atlas F complexes tétaling 72 silos and 18 Titan I complexés With' 54 launchers--
L : diminished rapidly. For examplé, water gseepage eliminated ;11 the Atlas F sités arc;und
: Piattsburg, N.Y. Foux_'.other Atlas F éites, which had been damaged by fire, had no further
value, Also, the Air Force was reluctant to retain sites near SAC bases scheduléd for ‘ '

closing.

/‘;'F:?:—»-mwuu'w. ot R . - . - B - . i N - . - . B s e .:‘t:v— -



{ ' (u}p A total of 15 Titan I complexes each with three launch 51tes and 44 empty Aﬂas P sﬂos
were con51dered by the Air Staff and maJor commands By 30 June 1966 however, new mlssmns ]
i had been proposed for only three Titan I sites. When the Office of the éeeretary of ]jefense

(OSD) indicated its unwillingness to make new aesignments, appareﬁtly because of 'perso'nnel
and fund shortages, they 'wel.‘e kept under USAF jurisdiction In addltlon one Tltan I ‘cwo )

Atlas E, and three Aﬂas F sites at Vandenberg AFB Calif. ,. were retained. '

Minuteman Modernized and Improved

:5

two weapon systems with the followmg characteristics:

Minutenan I

Wing I Wing II

Wings ITI-V

‘ i'ﬁnuteman n

Wing VI

Missile . LﬂM-BOA ' LGM-30B

Range (Nautiscal =~ 1,910 5,500
Miles) T

CEP# (Nautical

0oZ iles)

59‘”

Warhead
(Megatons)

Pume—

Launch 300 psi - 300 psi
Facility ’ .
Hardness

Leunch 1000 psi. 1000 psi.

Control
Hardness

Launch . soft soft
Control :
Emergency
Generator
Hardness

Lannch soft soft
Facility :
Emergency
Generator
Hardness

Survivability 6 Yours 6 hours -

Targeting - one d tgo:

#Circular Error Probable

1LGM-30B

’ 5,500

LGM-30F

7,500

300 psi

-1000 psi

300 psi

25 psi

'9 weeks

- b

300 psi
1000 .psi

1,000 psi

300 psi

9 weeks

eight

” As currently deployed Minuteman con51sted of a famlly of mlSSllES forming

—

F—
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= A third, more advanced system Minuteman III, also was scheduled for f

deployment. Yt

i " . . SR et (\0))

\ / I development and deployment proceeded on schedule

170 Minuteman III's would be incorporated into the 1, 000-missile fo_rce during fiscal year :

1970. By the end of 1974, 600 of the 1, 000 launchers would house Minuteman III and the

remainder Minuteman II. 10

‘(u)—’.—APendi_ng deployment of Minuteman III, modernization of the Minuteman force remained i
the principal task facing the Air Force in its coptinuing effort to maintain the operational
arm at peak effectiveness, Modernization involved replacing the Minuteman I missiles with
the LGM-SOFfs. However, installation of the ne.wer and taller model ICBM in silos designed ]
for the LGM-3OA and B reciuire’d several modifications to the steel and concrete structures.

" Technicians from the Air Force Systems Command (AFSC)‘ and crews provided by civilian

contractors had to lower the missile support ring, located near the bottom of the silo, and

redesign the mechanism that opened the lid in order to prevent its cables from chaffing against
the LLGM-30F's reentry vehicle. .In_the sides of the structure, equipment forvaligni.ng the
missile's guidance and control unit had to be shifted as did the cooliné system for that unit,
Finally, the umbilical cables hed to be lengthened and their retraction gear modified. .Similarv

changes ‘would be necessary to accomodate LGM-30G since it would be almost three feet 1oﬁg'er

than the ¥ model, 1

T T

(U)““ Besides usmg the L.GM-30F, modernized Minuteman also incorporated electronic
components redesigned to resemble as closely as possible the equipment in Wing VI. The
system used in this newest wing and in a se'parate squadx’-ozt——ZOO sites in all--was developed

by Sylvania. The comp.onents for modet'nized Minuteman, to be llocated in the B0O sites of Wings I
through V were de51gned by the Boeing Company and the Radio Corporatlon of America (RCA).

Using equipment already installed as thelr foundation, the two coniractors duphcated the major
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features of the Sylvania system and, in addition, devised equipment that could be expanded

sz e % e e T

to accomodate a subsystem by which combat crews would be able to change by remote control

ST

target combinations or similar data stored at the launchers. Although the Air Staff has
express confidence in the Sylvania equipment's pbtential for improvement; its web of cables
could not without major éhange accept this sort of modiﬁ(;.ation. 12

(U)—' Except for this difference, the electironic systems were eésentially the same. Both
incorporated squadron operational status reporting, a system that automatically queried, i.n-

'*i code, all 50 of the squadron's missiles and transnﬁitted the latest data, also coded, to all five

launch control facilities where it was stored for display. Because the officer in charge of
each flight could obtain any of this information in the form o;? ﬁsual displays, printed
messages, or recorded announcements, onevco‘mmander could take over for another in the
_event a launch control facility became disabled. Besides monitoring .'the status of all 50
missiles in the squad;'on,' éveI;y launch control center cc;uld select from among eight targets
that reposed in the individual missile comi)uters and also could select any of 100 "war plans"-~
execution options fpr the entire squadron. 13

A ('u\-'-Both mod;a;‘nized and improved Minuteman also pr‘ovided for positive action at thé

launch control facility in order to prepare and fire the missiles. To do so, each combat

' crew transmitted to the launch facilities a coded éignal degignated and authorized by higher

headquarters. In the event of a communication failure, the combat crew, after'é time had

elapsed, could transmit the launch enable code on its own authority, an arrangement designed

i ‘to cope with the possible destruction of the responsible headquarters by enemy missiles. The

act of launching, however, continued to require agreement within a speciﬁed interval by two

14

of the squadron's launch control facilities.
(:U)* Another feature of both systemis was the provision at the launch control facility of a
printed record of the time each missile was launched. This was originally intended as the first

step toward deirelopnient of a prbposed trajectory accuracy prédictioﬁ system (TAPS)* in which

* See page 2b




every missile would signal o a central computer its time of launch, trajectory, and time
of arrival in the target area. By comparing these reports with data stored within it, the
computer could predict fche number of warheads fikely to hit their assigned targets. It
wéuld not, however, record the effectiveness of defensive countermeasures taken between
the transmittal of the last signal and the predicted time of impgc‘c. TAPS was subséquently
cancelled. 19 .
(u}" Once modernization was finished, all Minuteman crew commanders were to time

the launching of their missiles according to Greenwich Mean Time. Use of this standard

simplified the execution of plans that called for the simultaneous arrival of several.

' warheads--perhaps from different squadrons--over a target in order to saturate the

defenses. Planners now could coordinate the entire missﬂe force without worrying whether
local commanders would allow for time zones or.‘daylight saving timé. 16

(uj A final féature destined for all Minuteman flights was an ultra”h)".gh frequency (UHF)
receiver to be installed gt each launch facility.‘ These sets could pick up commands from an
airborne launch control ;:enter {ALCC), and thus the destruction of either the launch control
facili.ty or the skein of cables through which comzﬁands. norrrlaliy’ traveled would not prevent
U.S. retaliation. * 17 |

(u)“ Such were the refinements agreed upon for Minuteman. There had been some deb'até,
however, about the manner in which they would be installed in older Mingtemaq W;illgs, I
through V. From the outsei, the Air Force urged that one wing be completely modernized
before moving on to another. The Office of Secretary of Defense, hovs}ever, was intrigued

by tile idea of firét_ modernizing one squadrop in each wing so that this unit could back up

the less versatile Minuteman I squa"drons{ then i:roceedin‘g with t'he remainder of the éro'gram
on a squadron—by;squadron basis. The Air Fo;‘ce main{ainea that the modernization of one
séuadrog would contribute pracfcically ﬂothing toward i_ncreasing wing effectiveness and in
time the Secretary of Defense agreed. In March 19é5 he directed that m’odernization proceed

in line with the USAF proposal. Work began on 25 April 1966 on Wing IV, based at Whiteman AFB,

* See also pages 27,29,
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Mo. This unit was chosen for the initial modernization because it was assigned the additional
mission of providing six Minuteman boosters for SAC's emergency rocket communication

system. * 18

(Ll)«. At the time modernization started, d«;,ployment of improved Minuteman was well under-
way. Plans called for deploying a wing with 150 missiles, designated as Wing VI, at GI:and
F(;rks AFB, N.D. and a 50-missile squadron to be located in the vic;inity of Malmstrom AFB,
Mont, Work at Grand Forks, begun early in 1964, came to an end in December 1966. The |
Malmstrom construction started early in 18965; current schedules call for completion of the

last site early in May 1967, 19

Force Levels and Strategic Thinking

(UhSecretary McNamara expressed confidence that, for the near future at least, the 1, 000
Minutemen and 54 Titan II missiles--plus the Navy‘s Polaris force--were sufficient to “deter large-
scale aggression or, if deterrence failed, to inflict mortal damage on the enemy. At the time
MecNamara pared down successive USAF proposals to arrive at this number, questioﬁs .arose

whether it was adequate to carry out a counterforce strategy and whether ‘counterforce was

itself realistic. This strategy, which'had found support within the Air Force and received

favorable mention from Secretary McNamafa, called for the creation of a balanced force of

missiles and bombers, backed by adequate defenses, that would be capable first of destroying
the enemy's known strategic force and then 1ocia:tiné and wiping out other weapons and offensive
bases that had not been detected beforehand. According to. this plan, by concentrating on the’
enemy’s fnilitary pow;ar, U.S. strategic forces would reduce to a minimum the violence flone
to the civilian populace. Moreover, such a strategy, it was beiie‘ved, would compel the Soviet

Unior; to concentrate in like fashion on the destruction of the U.S. strategic force, with the

. result that population centers would, insofar as po>ssib1e, be spared on both sides. ﬂowever,

crltlcs of the counterforce theory asked whether it was possible, or even de51rab1e to attempt

to restrict nuclear blows to predominantly m111tary targets 20

* See: Carl Berger, USAT Sirategic Command and Control, 1958- 1963, (AFCHO, 19684.)




(d) ~Yl—Among those who entertained doubts about counterforce targeting was Gen. Maxwell

D. Taylor, who as chalrman of the Joint Chiefs of Staff (JCS) directed the Weapons Systems
Evaluation Group (WSEG) to determine whether counterforce targeting would be possible if
the potential enemy enlarged his fleet of r:nissile-carrying submarines and improved the

protection of his inland launching sites. In October 1964, over a year after General Taylor

" had raised the question, WSEG produced the final version of its study. Instead of offering

conclusions on the validity of counterforce, the evaluation group accepted this strategy
without comment and went on to discuss the number and total yield of nuclear weapons that

should, under varying-circurnstances, be assigned to counterforce targets. The study failed

to provide Gen. Earle G. Wheeler, Taylor's successor, the information originally desired. 2l

(U) Secretary McNamara, in the meantime, was gradually abaﬁdoning the counterforce
theoi'y, although he continued to acknowledge the probability that strategic forces could help
1imit damage to the United States in the event of nuclear war. In brief, he assigned to the

<

nation's general war forces two goals: assured destruction and damage limitation. Assured

destruction, according to the Defense Secretary's definition, was the ability to ""deter

deliberate nuclear attack upon the United States and its allies by maintaining ... a highly

" reliable ability to inflict an unacceptable degree of damage upon any single aggressor or.

combination of aggressors, at any time during the course of a strategic nuclear exchange,

even after absorbing a surprise first strike.” Damage limitation he defined as simply the

ability to limit damage to the United States and its allies in the event that deterrence failed. 22

(U) For assured destruction, Mr. McNamara relied primarily on Minuteman, Titan II, and

the Navy's Polaris, supplemented by manned bombers. ‘He displayed confidence that.assured.
destruction "would require only a portion of the ICBM's, éu’bmarir;e—launch missiles (SLBM's)

_ard the manned bombers...." The Secretary of Defense rﬂaint'aine_d, ‘moreover, that this portion

need not be very large, declaring by way of example that "the effective delivery of even one-fifth

of the weapons on Soviet cities would destroy one-third of the total population and one-half the
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total industrial capacity of the Soviet Union." 23
(U)- Those strategic forces not required fdr assured destruction', if they could strike quickly
enough, might to somé degree 1init damage ‘to'the United States by destroying the enemy's
offensive bases. Genuine damage limitation, 'i'IOWGVEI‘, would require much more than a small
striking force, Among the necessary elements, Mr. McNamara listed fallout sheltérs, .
Aballistic missile defenses, defenses against submarine-launched ballistic missiles, and
improved antiaircraft defenses. Should the United States embark on an elaborate damage
limitation effort of this sort,' Russia's "technical and economic éapabiiity" would, in Secretary -
McNamara's opinion, "prevent us from achieving a posture that would keep our fatalities
bélow some tens of millions.' This number could not be reduced, he explained, becau‘se
the Soviet Union could increase its firét strike capabilities at "substantially less than the
extra cost to us of any damage limiting measures we might take. " Although he doubted that
the Soviet offensive pc;tential could be completely neutralized, at least for the near futuxje,
he did a:::knowledge the feasibility of designing a comparatively cheap defensive system which '
" would have a reasonably high probabiiity of precluding major damage from Communist
" China in the 1970's, 24 ' |
(U}‘ At the end of fiscal year 1966 counterforce seemed dea;i. _The Secretary of Defense
no longer talked in terms of maintaining strategig forces la‘fge ~enoi1gh to retaliate against
exclusively military targets and still p:('ovide weapons enough to destroy, if necessary, urban
‘industrial areas. Talk of g1vmg the enemy an al‘gernative to attAacking cities gave way to
discussions of providing a degree of protection to the urban populace through a combinatic;n‘
of defensiye weapons and fallout shelters. Several factors coqtriﬁu’ced to the demise of
céunterforce. " There was’i for e;:aminle, 1io, assurance that 'Ehe enemy would limit himself o
‘military targets if offered such an option, aﬁd, evén if he did, it. was considered E;leost
im‘possible té hit essen-tial mili’.cary instgllations without endangering nearby cities. The

principal objection, however, was that no amount of >money could expand the strategic striking

]
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force enough to furnish adequate protection. As Secretary McNamara pointed out, "against
the forces we expect the Soviet Union to have during the next decade, it will be virtually
impossible for us to ensure anything approaching complete protection for our population, no

matter how large the general war forces we were to provide ...." 25
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1. INSURING THE CONTINUED EFFECTIVENESS OF
" THE OPERATIONAL FORCE

Cd?—‘ To insure the effectiveness of the rnissile‘force, SAC conducted periodic operational
readiness 1nspect10ns and tests of 1ts missiles and crews During fiscal year 1965 the testing
phase included a 1aunch of a modified Mmuteman ICBM from an inland operational site near
Ellsworth AFB, S.D. The Air Force also investlgated several possible innovations to improve
the Minuteman system.- One potentially serious problem given special attention was the Vulner -
ability of Minuteman facilities to shock waves expected from nuclear detonations. A project
was begun to harden the equipment.to meet original design specifications of 1, 000 psi (pounds

per square inch) overpressure for the launch control facilities and 300 psi for the launchers.

Inspection and Testing

(U) Although Minuteman and Titan Il were less complex than the recently retired Atlas
and Titan I missiles, they nevertheless required highly'trained specialists to man and service
them: The cycle of training, inspection, and testing continued as before. Following individual
training, carried oxrt by the Air ’i‘raining Command, SAC conducted operatronal readiness
training to fashion technicians into skilled missile teams. Once these units had been formed,
they underwent three additional types of train;ng: combat crew upgrade training, which
covered skills not normally tested in routine inspecti_ons; recurring training to maintain crew -
efflclency, and correctlve training to remedy deficiencies turned up in readiness inspections.
(}ﬂ‘ Operational readmess inspections were aimed at determlmng the combat effectiveness
of missile units wrthout having them launch thelr extremely expenswe weapons The inspections
were designed for the particular system. For example, Titan ]I créews conducted a simulated
launchings, and the inspectors determmed whether the sequence of events would have resulted
ina successful launch, a failure, or a delay If a failure the crew had to demonstrate its

ability to deal with the condition that caused it. Minuteman crews faced a thorough test of

squadron communications as Well as the kmd of s1mu1a’ced launch performed with Titan I. 2

P
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telemetry equipment was installed,, it was o

' 13
&

(U) To pi‘epare for these inspections, crews took part in various exercises to familiarize

them with t.heir missiles and how to launch them. In addition, missiles and related equipment
were subjected to a series of maintenance inspections designed to keep them ready for im-
mediate action. 8 -

(u)—-"'After trying for several years to obtain OSD permission to fire missiles from inland
operational sites, the Air Force in November 1964 was authorized by Secretary McNamara to
1aupch three ‘Minuteman missiles,‘ each with a dummy i‘eentry vehicle and inert second and
third stages to reduce the weapon's horizontal range to about ;7, 000 feet, The first of these
was launched on 1 Ma.rch 1965 by Aa crew of the 68th Strateg;lc Missile Squadron of the 44th
Strategic Missile Wing basedhat. Ellsworth AFB, S.C. The test was a complete success. Later
that year AFSC received instructions to conduct the remaining tests using two LGM-30F
ﬁlissiles. The first of the two was to have b‘gen ‘launched in the fall of 1966 and the other in-

4

1967,  but the first LGM-30F test was subsequently postponed until the summer of 1967.

. (u)“ While preparations were under way for these tests, the Air Force also drew up plans

for long-range flights from operational sites into the Western Test Range (WTR).. Secretary
McNamara, althoﬁgh he recognized the desirability of such an undeﬁakirig, at the end of June
1968 still had not given his permission to carry it out. 5

(ub Since only one test launch had been made from an Qperatioﬁai site, and that

using a greatly modified Minuteman, tests conducted at Cape Kennedy, Fla. and Vandenberg

ATB, Calif., remained the sources of the data upon which judgments of missile reliability

" were based. The data came from three éategories of tests: demonstration and shakedown

operations, which i__mproved reliability and made .certain tﬁa’c SAC had an operational systemi
operational tesfs, w‘hicﬁ determined reliability and accuracy; and follow-on operational testsA
(FOOT) that provided assurance of continuing reliability and accuracy. 6

CID‘ Operational tests began v%ith the random selection of an operational missile at some
inland site and its trainspofta’cion to Vandenberg. There_; a—fte.r certain range saféty and

‘1ert for 10 days and then launched -
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by its crew. In reports issued during 1964 and 1965, the Weapon Systems Evaluation Group

questioned whether this procedure was adeqguate or realistic. On one occasion WSEG

¢ .
objected to keeping the test missiles on alert at Vandenberg for as long as 10 days; on another

it warned that the Vandenberg launchings were not yielding information on warhead arming

and fuzing. The Joint Chiefs of Staff (JCS) decided, however, that & minimum of 10 days on

alert was necessary to insure proper calibration of the guidance system, which was necessary

to produce valid data. As to WSEG's other obj.ection, in May 1964 the JCS advised the group that
the Air Force was devel.op'ing-and would install instruments for this purpose. 7

(Ll) ~im"‘i‘he JCS apparently was referring to a program to launch reentry systems from
which the figsionable material, but not the arming and fuzing circuits, had be.en removed, | In

its place, technicians installed instruments designed by the Atomic Energy Commission (A,.:EC)
to pi'ovide data on how the warhead, including its arming and fuzing mechanism, would have
behaved during reentry. 8

(UM In Februax;y 1965 WSEG recommended that the number of alert missiles be reduced so
that. a higher percentage would be available for testing, iqspection; and maintenance. It alsq
advocated greater reliance on tests from operational sites in determining réliability factors.
ﬁreply, the JCS endorsed the existing practice of keeping as many weapons as possible on alert

and reminded WSEG that SAC was planning tests from operational sites. 9

(u)—Although the procedures for conducting opefa’cional tests remained unchanged, both follow-
on testing and the uniform prediction system were modified. Since its adoption in 1963, the
uniform prediction systém had served as a means of assigning reliability factors to the Yarious
ballistic missile systems, based -on the amount of testing succgss_fully completed, These factors,
in turn', were used. m preparation of ‘bhe single irfcegrated operaﬁons plan (S'IO'P). Becguse . :
both Minuteman I and Titan II were nearing completion of operationél -testin.g,‘ the autoﬁla‘cic

asgsignment of reliability factors based solely on progress in i{esting seemed no longer adequate.

"Asa result, the system was re-evaluated in the spring of 196.5 and greater emphasis placed

upon the judgment of those responsible for festing and einploying the weapons.

. e e
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( U)‘In January 1966 Secretary McNamara decreed a further departure from the original

system and the conservative planning factors that it produced. He informed the JCS that Mthe

" best estimate of WSR | Weapon System Reliability/ , rather than a déliberate under-estimate

should be used for SIOP targeting" so that "fewer weapons could be assigned per target and

hence a longer list covered." 1

(U),‘ Begides the radical revision of the uxﬁforrn prediction system, the Secretary of
Defense sought to modify the follow-on operational test programs for both Minuteman and
Titan. The JCS in November 1964 had recommended the launching of 50 LGM-30B missiles
annually from fiscal year 1968 through fiscal year 1969, and then 25 in 1970; final year of
follow-on operational testing for this system. Between fiscal years 1968 and 1972, 25
LGM-30F's would also be launched eech year. McNamara, hovzvever, felt these numbers

were excessive.

(u)'ln September'1965 the Defense Secretary called upon the JCS to reduce the planned

expenditure of missiles, The Joint Chiefs after reviewing their 1964 proposal, admitted

that fewer follow-on operational tests might be "marginally adequate." For Titan II they
recommended 8 launchings annually, for Wing VI Minuteman they recommended 15. They
agreed to 16 LGM-SQB firings in fiscal 1966, 30 in fiscal 19867, a.nd 20 annualiy from fiscal

1968 through fiscal 1870. The follow-on operational tests of the force;modernized LGM-~30F,
they continued; should include 12 launchings in fiscaJ 1969, the nﬁmber increasing by 6 each
year until 30 were fired in fiscal 1972, 13 ~

(Uh Influenced by analyses doné by his staff, Secretary McNamara felt the numbers
recommended were still excessive and he contmued to urge reductions in the follow-on tests.

He mai_ntamed that "by relating sample size to de51red conf1dence in estimates and by employing
past as well as present FOOT failure data, sample size might be reduced to 20 /__-LGM-30]5_:_/
missiles per year" for both Wing VI and modernized Minuteman. 14

Cd). USAF headquarters expressed doubts that the number of tests could safely be reduced

to this level, It insisted that 15 tests per jear.werg necessary to insure the contmurng .




reliability of the Wing VI weapons alone and recommended 10-12 tests of modernized Minuteman

" during Af.iscal 1989 with the number increasing as the modernized force grew larger. The

viewpoint of the Secretary of Defense prévail_ed, however, and the USAF plan was not adopted. 15
(l—n—‘ The follow-on operational test prograril- selected by Secretary McNamara limited the
LGM-30F launchings to 15 Wing VI models in fiscal 1968 and 20 per year thereaiter, fixed at
6 t'hé annual Titan II follow-on tests, and decreed\ that 16 LGM\—3OBS would be expended in fiscal
1966, 30 in fiscal 1967, and 20 per year through fiscal 1970, 18
('d) ~In ar related move to reduceposts; McNamara also decided that the original

Titan II qperational test prograﬁ-——which began at Vandenberg in March 1965 and called for

~atotal of 25 firings--should be limited to 19 launchings. Secretary of the Air Force Harold

Brown, who succeeded Zuckert on 1 October 1965, asked that the six tests be restored if fewer
than 70 percent of the 19 were successful. As it turned out, whén the scheduled launchings were '
'completed 20 April 1966, 74 perk cent had been successful and McNamara éaw no néed 1o ‘expand his
approved program, 17 4
(U)’In connection with the Minuteman program, the Air Force sought OSD's approval to
establish an engineering test facility at Hill AFB, Utah, to insure operational integrity of the -
Weapoﬁs system." In the proposed facility, enéineers would be able to assemble and analyze
the entire Minuteman system -- missile, laﬁncher, control center, and all related equipment --
and assess the éffect:{veness of the whole and the impact of prbposed changes to any of its com- .
ponents: McNamaxla was relu-ctant to approve this missile labofatory but he agreéd after
Dr. Brown had made a second request for funds. In planniﬁg the tgst center, which would
require ‘con'struc_tiorrl of a new launcher and launch control facility, the Air Force expected to
.use ground equipment alz"eady in stock, thus keeping costs to a minimum. Programmed for

the undertaking were $200, 000 for fiscal 1966, $13 million for the following year, and $3. 5 million

for fiscal 1968 for a total of $16. 7 million. 18




e el

Major Problems and Their Solution

(U) During 1964—1965 Titan IT underwent scheduled routine modifications to correct flaws that
were detected in missile components, 1a@ch facilities, and otl;er elements of the system..
Two projects, Top Banana and Yard Fen-ce, were established to improve the system io insure
it would remain a useful part of the strategic inventory into the 1870's. The former, which
was near completion by mid-1965, involved mddifications to engines and hydraulic systems as
well as alterations"‘.to siio doors and to prppellént pressure switches., Yard Fence was a
distantly related pfoject aimed at increasing the I.‘eliability of installed equipment in and
around the Titan silos. Neutron shielding and acoustical lining were to be added to protect
the launch ducts and blast doors weré‘to be repaired and fit;ced with new seals. 19
(Li)—-During Yard Fence the worst tragedy in the history of the missile program
occurred. On 9 August 1965, 53 employees of a civilian éont;actor died in a silo fire while
working on- a launcher of the 373rd Strategic Missile Squadfon near Seaféy, Ark., The Air
Ft.);r-ce immediately suspended work on five silos not yet. completed and postponed modifica~
tions at 28 other sites where Yard Fence had not yet begun., In November, after the Secretary
of the Air Force had approved a revised safety program, the work Was'resum'ed. Air Staff
agencies estimated that the suspension, together with the adoption of time consuming safety
procedures, would delay projéct coml'Jletion from the fall of 1966 to late 1967. 20

Cu)m In addition-to the above modifications, the Air Staff sought to remedy weaknesses

-in silo construétion and, in general, to improve system survivability. Ii proposed, among

other things, to eliminate "rattle spacek” within the silos, to add neutron shielding to silo
caps in order to protect the missile guitiance syst;am, apd to safeguard buried cables from X
another effect of nuclear weapons -- electromagnetic pﬁ}se. In September 1965 OSD .approved
expenditur_e,s of $12. 2 million for _thf_a various iznproveménts, $6 million in fiscal year 1966,
and the remainder in the following fiscal year. 2k1 -

( U)’The most serious ailment affecting the Titan IT missile was recurring failure of the

optisyn system -- a device in the inertial measurement unit that converted movements of
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elements of the stable platform into electric impulses for the guidance computer. Tests
during 1964 indicated that light bulbs, which provided the illuminatjon that triggered solar
cells connected fo the computer, were unable to take.the punishment they encountered in
normal gervice. To assure the titanium filaments in the bulbs retained their life expectancy,
voltage wae; reduced and provision m_ade for cooling the bulbs, 22 |
( d)’ Modifications to Minuteman and its launch complex algo proved necessary. Early
in 1965 USAF headquariers expressed concern that debris torn loose immediately after
first-stage ignition might be swept upward in the geyser of hot gases and strike the missile
as it was emerging from the silo. This potential problem was easily avoided. Si_nc;a the
silo tube itself proved .resistant to damag‘e, attention turned to components likely to be ripped
from their mountings and these were secured more strongly. 23
(d)’ Tests conducted during the winter of i964—1965 verified the effectiveness of previous
changes made to Minuteman silo doors to prevent their being blocked by snow and ice. The
solution, decided on during 1964, was to install a gecond gas generator unit that roughly
doubled the amount of pressure that could be exerted and to provide a scraper to clear away
drifts, 24 -
(U) 4SSN A rother difficulty caused by snow was silo flooding. At sites where drainage
was pobr, water from melting snow becan;e irapped around the sild top and rose until it
reached an exh’aﬁst port through which it could enter the launcher. To resolve this problem,
the Air Force authorized construction of retaining walls and other changes Ato improve water
drsinage at the sites. Sumb pumps at the launchers were 'mo;iified, :;nd this provided at least

a partial answer to leakage. 25

' (Uh Progresé also was made in reducing the number of false alarms emanating from the

security system used in Wings I through V.. Apparent cause of most of these were short
circuits in the sensors that guarded against forcible entry to the silo and launch support

building, .Modirfications in Wings IV and 'V reduced the average number of false alarms per




week 1o between 20 and 30 per wing. A more thorough overhaul of the security systems in
Wings II and II reduced the number to seven. By the summer of 1966, false alarms were no
longer considered-a problem 26‘ |

(U)“ Another, more difficult security problem was not so easily resolved, As

early as t1_1e summer of 1962, the Air Staff was made aware that the underground cables which
carried reports of the status of individual missiles were accessible to intruders who might
interject false signals into the system that would misrepresent the coﬂdition of a weapon.
Since &evelopment of a lightweight system for tapping tﬁe cable and reproducing the impulses
seemed unlikely at the time, no action was taken to encode status signals. By the end of
1963, however, the Ballistic Systems Division {BSD) had advised that it, and preéumably

any potenfial enemy, could produce just such a "spoofi;ig" device, Out of this development
and OSD insistence on the tightest possible control of Minuteman came a decision to encode

status 51gnals somewhat in the manner of ' scrambled" telephone conversations. 27

CUMMS decision applied only to modernized and improved Minuteman squadrons. Since

modernization could not be accorﬁplished simultaneougly in all wings, it was evident that .
‘some would continue for a time to operate with the comparatively insecure cable The
National Security Agency (NSA) pointed out that encoding all Minuteman cable transmissions’
was required under policies promulgated late in 1963, but USAF headquarters could only reply
that the situation eventually would be corrected, since a new flight and squadron authentication
system was scheduled for installation on a unit-by-unit basis unt11 all ngs were modernized .
and equally secure., NSA, rather than insisting on disrup’cion of the construction-schedule,
accepted a USAF plan which called for more careful sur\reillance against attémpted penetration
‘of cables in those squadrons not yet modgrnized. A

GD “"During the summer of 1963 M;Lnuteman missiles began experlencmg the first of several
failures of the hyd.rauhc system during 1aunch The fallures, which led to loss of control over

the first-stage nozzle unit, appeared o stem from a valve containing a hollow metal pin that




failed under the pressure pulse generated during the first few seconds of powered flight. A
solid pin was fashioned o replace the defective part. As the exchange of pins was beginning,
conclusive evidence emerged that the pins were failing under unexpectedly severe pressures
attributable to the design of the suspension sytst'e-m, ‘unique to Wing I. Replacement of the
pins continued, but, with the excep‘tion of Wing I, as a routine improvement rather than as

a vital repair. 28

(u}-—”"Of potentially graver consequence than these occasional valve failures W;.S the
discovery in July 1964 that certain Minuteman third-gtate motors were defective. They had
been manufactured by a new process that permitted the insulation protecting the motor casing
to 5uek1e, so that hot gases from the burning propellant could consume porticns of the casing,
usually around the base of the nozzles. Of a2 179 motors thus affected, 36 were expended in
tests and the remainder repaired e.nd returned to inventorj, The repairs congisted primarily
of_ using a better glue to secure the insulation to the motor liner, 30

. {U) But even as the old ’problems were solved, new ones arose, some of them defying
quick solution. Among the latter were deficiencies in the M'muteman emergency power system
involving a .diesel driven generator., When commercial power failed, the generator was
supposed to take over the job automatlcally Combat crews, however, had no means of
monitoring the operating condition of the diesels that turned the generators nand these motors
frequently failed hecause they were out of oil. In July 1965 Headquarters USAF authorized AF5C

to negotiate a contract to increase oil and fuel capacity and remedy other flaws . 81

(d)-” Less than a week had passed before the Weaknesses of the system were drama-
tically demonstrated A temporary reductlon in commercial current at a Wing IV silo trlggered
the emergency system, but the generator contmued to operate after outside power had been
restored. The resulting overload caused a short circuit tha‘g, if followed by a second electrical
pulse, .could conceivafxly h>ave ignited the first stage. The guidance and control unit, however,
would not have become activated, fhe second stage would not have ignited, and the misgsile Woulel

have crashed neaLrby. Experts believed there could not have been a nuclear explosion. 82




(u)"The need to improve the emergency.system became even more obvious during a
blizzard in February 1986. In one wing, 77 uﬁmanned 1aﬁnch facilities lost commercial power;
at 30 the diesels failed to start automatically, and at 12 they shut down, In this same organi-
zation, 13 of 15 launch control facilities 'l'ost outside power, but the combat crews were able
to start the diesels manually, These problems led to an intensified effort to improve and
standardize emergency power units, 33

(J)-’ The Air Force also ran into difficulties duringr the deployment of Wing VI. Although
the first flight became operational in October 1865 7as scheduled, the second flight was a
month late. The loss of time could not be made up, and its squadron became operational in
April 1966 rafher than in March. Bad weather -- climaxed by 35 inches of snow dﬁring the
week of 28 February -- hampered consiruction, and the springtime sequence of freeze and
thaw disturbed benchmarks sited for the calibration of guidance and control units, making a
new sufvey necessary. 34 '

(uWAnotiler factor affecting Wing VI was the unexpectedly high fajlure rate of the N-17
guidance and control units used with the LGM-30F's. Investigation pointed to drastic changes
in tempez;ature as the probable cause of the failures, After being exposed to extreme cold
while enroute to the operational area, the unit was brought quickly to operating temperature.
Once warmed up; a guidance and control coolant was introduced into it to prevent circuits from
over-heating. The abrupt application of the coolant, however, éppeared to cause a "thermal
shock" that distorted the very components the solution was supposed to protect. To correct this
condition, the Air Forcé insisted on. greater care in sﬁarting' the units and di;rected several
modifications 1;0 the unit itself, but the remedies {vere no’; immediately effective. By August
1966, concern at Headquarters USAF was-increasing; BéD stopped installing the units in new
missiles and reserved them solely to replace failed components in thé 10 flights alreédy deployed.
’I;his practice, if continue(i, would have delayed completion of Wing VI beyond December 1966,

but the situation improved during the autumn so that the wing was finished on schedule,




Further Improvements to Minuteman

.(d\-“During 1964 Secretary McNamara began urging adoption of a new launch enable system
for Minuteman, As originally propbsed, this system would link SAC headquarters io the
launch control facility thus giving the Commander-in-Chief SAC (CINCSAC) positive control
over his missile force. At the conirol center, it‘would enable the combat crew commander to
select, in accordance with instructioné, from among four switches: enable, inhibit, lock and
unlock. The first alerted the missiles for launch, the second cancelled the command to
enable, the third prevented launch, and the fourth returned positive control to tﬁe combat crew.
If the‘ crew commander lost contact with higher headquarters, he coild throw the lock switch
and make SAC headquarters responsible for launching the missile. This portion of McNamara's
proposed systém came to be called the Lapnch Encoded Control System (LECS). 36
Cd)-‘ The other part of the proposed system was the La.unch Encoded Enable Syétem (LEES)
which would require positive action at the control console to enable the 10 missiles in a flight,
in effect to issue them a preparatory command required prior to a launch command. In the
original Minuteman design, interruption of a Jcone generated in ’ché launch control facility
alerted the entire flight and, in Secretary McNamara's opinion, opened the ‘way {0 accidental
launch in the event of a disruption of communications between control center—s_ and launchers.
With LEES, however, he felt the likelihood of accident would be far mor\eire‘mote since combat
crews would have to send an encoded signal to alert the missiles for which they were

responsible. 87

) CI-J)-“ The Air Force looked upon the entire proposal as an unnecessary burden to an already

complex weapon system. Staff agencies complained that requiring a positive command from the
launch control facilities would merely make them prime targets for enemy missiles. Unless
some accompanying modification was made, tbey warned, knocking out the control center would
temporarily paralyze the entire flight, thus reducing by nine-tenths (one control center rather

than 10 widely separated launchers) the enemy's problem of targeting the Minuteman force.
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McNamara nevertheless directed that LEES be incorporated in bofh improved and modernized

Minuteman, 38
(u?’ Divorced f?om LECS, LEES was acceptable, in ‘not expecially desirable, but the Air
Force continued to dppose adoption of t};e remainder of the OSD proposal. Mc;i\Tamara himgelf
_came to agree that LECS was too -complex a method of insuring agairist unauthorized launch
in times of heightened international ‘tensions, and in February 1965 he suggested an alternative;
He proposed placing the enabling che in a safe equipped with a time lock. Normally, according
to the Secretary"s plan, higher headquarters Wo‘uldAdispatch_ the coded signal o the combat
crew commander, who could then perform the actions necessary to alert his flight and await
order to launch. Should communications fail, possibly because a surprise attack ﬁad destroyed
the higher headquarters, the time lock would be activated and. after a specified delay the crew
would be able to open the safe, retrieve :the enc.oded coﬁmand, and enable the flight, 39
MecNamara directed the Air Force to investigate this proposal.
Cu) ,“After studying this plan, the Air Force concludéd it would only make .the situation worse,
On 15 June 1965 Secretary Zuckert advised OSD that he considered the existing safeguards agaiﬁst
unauthorized launch as effective and adequate. The incorporation of either Secretary McNamara's
proposed device or an electronic system for the same purpose would, he felt, "provide only
marginal increase on insurance against unauthorized launch. " 40
CLI) »_The Secretary of Defense did not share this view and in September his deputy, Cyrus R.
Vance, directed the Air Force to ""design, develop, andinstall this mechanical time-delay-to-

enable feature on one squadron of 50 Minuteman missiles, " and' authorized for $2.2 million

4
for it. 1

(u) -“till skeptical of the OSD plan, members of the Air Staff suggested an alternative
electronic system -- dubbed Enable Command Timer (ECT)--which had been devised by BSD.
ECleould cost more, its advocates admitied, but they b_elieved it would be more reliable,

“si:m‘pler to operate, less bulky than a safe and better suited to eventual use with an airborane




launch control center. The Air Force recommended to OSD that ECT be tested in place of the
other method, and in March 1966 the Deputy Secretary of Defense agreed. He specified that
the $2. 2 million originally approved for a prototype mechanical system be used to develop and
test an electronic device. 42
(Ll)—“ The USAF plan called for the ECT to function throughout an entire wing. The
commﬁ_nd post would decide how' long,up to 24 hours, each launch control center (LCC) would
have to wait before enabling. Once the deqiéién has been made, the command post would
telephone the combat crews, telling them what codéd information was to be placed on the ECT.
panels and what delays, also encoded, were to be inserted in the missile cpmputer. The code
thus remained in force until changed at the o:;‘der of wing headquax;ters;
If cable communications within the wing should break down, a combat cr'ew would be able to
gain access to the code to enable its flight as soon as time had run‘ou‘é. Silould communications
be restored, an override feature would permit the wing command post to regain control. 43
("d) R The ovex.'ride component of the electronic timing device appeared to offer an
jmportant advantage from the standpoini: of protection égainst inauthorized launch. Should
two LCC's conspire to sever communications, engble, and then "vote" to '1aunch, the remaining
launch control facilities in that squadron would be alerted that missiles were being enabled.
Upon notifying wing, they would receive a code that would, in effect, cancel the _énabling action.
No such safeguard had been incorporated in the discarded mechanical system. At the end of
June 19668 work on the Enable Command Timer was proceeding.. 44 .
) ( u)*_-ln another area, the Air Force investigated a system which could eliminate the‘need
for authorized personﬁel to visit each silo in order to change multiple target combinations or
other codes., Known as remote secure data change, the Asystem's basic eiements included a
targeting computer at the control facility and.a secure communication link with the '1aunchefs.

When operative, it would permit the crew to feet data provided by higher headquarters into the

computer for transmission to, for example, the guidance and control mechanisms of a selected

missile. 45
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(U)- In October 1965 the Ballistic Systems Division completed a series of studies that con-
firmed the theoretical value of remote secure data change to the Minuteman force. However, -
since additional engineering studies were in order, Secretary McNamara. withheld permission
to go ahead with development uptil the device had been proved feagible. 46

(d)”l‘he Air Force also investigated two possible techniques for acquiring information on
whether its warheads had reache(;l their targets. One of these techniques, originally favoz;ed

by McNamara, involved a missile sirike recorder. *

This was a device to be carried by the
reentry vehicle to signal its arrival in the target area, thus providing data for re'targéting the
remaining missiles. In its preliminary studies, the Air Force examined the possibility of in-
stalling small tfansmitters in a new multiple reentry system that was under development.

Each c;f the system's independently targeted i'eentry vehicles would emit a signal capable of
being picked up by equipment in the 'bus" that had carried them toward their targets and refayed

to a ground station in the United States.

CZ/)_Du.ring.IQBS, however; doubts.arose that such a signal network was technologically

. possible and in February 1966 the Air Force suspended the program, not only because the pro-

posed transmitter and antenna seemed too heavy for the reeéntry system with which it was to

- function, but also because they appeared unable to return sufficient data to the central controller,

Meanwhile, the development of new sensors had made it feasible to. rely on satellites for sirike

4 47

report';ng and the idea of inétalling a transmitte;' in reenffy vehicies wag abandone
(‘D“The second technigue for acquiring partial targeting informaton involved a
irajectory accuracy prediction system, which would help determine whether a missile was on
its intended course. System developﬁaent began in 1964 with plans calling for the installation
m each Minuteman of a transmitter designed tp send.a unique signal if guid_amce ;;vas accufate.
These signals, received at each launch control facility in a squadron, would permit combat
crews to reassign their remaining Wéapons‘to engage targets known to have escaped destruction

‘because of guidance errors or malfunctions during powered flight,

(A’}m}ﬂthough elements of the Air Staff doubted the value of the device, since
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* Also called missile strike reporting system and warhead. survival reporting system.
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weapons accurately launched might nevertheless be intercepted and destroyed, OSD was.

reluctant to abandon it. The estimated cost of research and development tended, however,

to discourage the system!'s supporters, for it rose frbm about $70 million to some $123

million a.nd promised to go higher if a hardened’ antenna was 1ncorporated in the design.

As a result, the Director of Defense Research and Engineering (DDR&E) deferred the bulk

of the fiscal 1967 research and development funds, directed AFSC to continue development
."at a minimum rate, " and finally, in the fall of 1986, cancelled the program. 48
CU)—‘ For a time the Air Force had pursued development of a high altitude fuze for the Mk-11A
reentty system as a means of blacking out defensive radar by nuclear detonations outside the
atmosphere. The Air Force and OSD believed that if it could be made availabe by December
1:967,‘ it would extend the useful life of the Mk-11A and thus provide insurance against delays in

. reerﬂ:ry development efforts. Unfortunately, work on the high altitude fuzé (HAF) procgeded
so slowly that OSD during the fall of 1965 became convinced that ground testing of a prototype
would still be under way long after the 1967 deadline had passed. DDR&E therefore canceled
the undertakmg, noting that "future needs for a HAF capablhty will, of necessity, depend on
the Mk-17 R/V program. " SAC, however, continued to recommend acquisition of such a fuze °
in time for use with the Mk-11A. *°

( }/mﬂAs the Air Fo;‘ce neaz;ed success in the development of an‘_al;ivanced reentiry
system tha‘f released three vehicles, each at a different target, it became apparent there also

was a requirem-ent to improve Minuteman's ''memory, " the N-17 guidance system. In December
1965 Headquarters USAF directed AFSC to begin" work to.incr‘ease the number of commands that
could be stored in.the guidance computer, Athus- enabling Minutem‘a'n to remember what had to

be done ‘to direct the warheads to the proper. targets. The improvements were to be compléted
by July-1969, in time to meet the initial Operationalldafc‘e of the new reentry systeﬁ; 50

(z!)-u Besgides 1mprov1ng the capacrty of the N-17 guidance computer and making -other refine -

ments, the Air Force sought to devige a more precise method of ahgmng the guldance and

control'rﬁechanism at the operational site, To accomplish this, the Air Force reques’ced
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installation of a portable gyrocompass to replace the optic.;ﬂ system currently in use. Although
. McNamara in December 1985 rejected a request to develop the improved system, he invited
further discussion of allfactors that affected CEP's (circular érrors probable). As a result,
Secretary Brown reviewed for him the ix:xadequacies of the optical methoa which, when used
with the proposed Mk-17 reentry vehicle, could increase the CEP~- as influenced by the
é‘uida.nce system alone--from 1, .324 feet to as much as 2, 260 feet. He therefore recommended
in June 1966--and Mr. McNamafa later approved--the developmeﬁt and deployment, at an
estimated cﬁst of $9. 6 million, of 56 poftable gyrocompass units suited to Titan II as well as
to Minu’cemén. 51 _
(l/')” During 1965 and 1986 work continued on development of the airborne launch control
center to provide a backup facility should ground launch controi centers be destroyed. Because
radioed launch signals te;lded to follow the line of sight, Aseveral ALCC's would be. required
to cover the entire Minu;cefnan force. The airborne facilities became even more‘ important
When it was discovered the Minuteman launch centers were unexpectedly vulnerable to ground
shock from nuclear blasts. * In late 1965 Headquarters USAF ordered acceleration of the
ALCC developmeht, moving up its initial operational capability date froﬁ February 19 68 to
May 1867. A contract was awarded to the ]éoéing Company by December 1965. 52
(gﬂﬂ The continuing effort to improve Minuteman resulted in an aiarmirig increase in costs,
Ag early as September 1964,' Secretary Zuckert noted that "RDT&E costs for Wing VI
- Minuteman have already more than doubled.". He advised the Chief of Staﬁ, Gen. Curtis E
LeMay, that, even though specific changes might originate with OSD, it was the responsibility
‘of the A1r Force "o analyze and evaluate fotal weapon 'sys‘tém prograﬁ im;;act and to provide
these asse;ssments to the Secretary of Defense including recommendations for alternative
approaches where our findings indicate the desirability of sucﬁ alternatives." Zuckert Wé.s
apparently'concerned.thaﬁ, ‘among ,gfher things, the _Air Staff was becoming a mere extension

of OSD, at least in matters related to Minuteman, 53

* See below, p. 28
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(U)' In July 1965, as the program change proposals for fiscal 1965 were being readied,
Mr. Zuckert observed to the T.eMay's successor, Gen John P. McConnell that his earlier
call for a careful review of OSD-sponsored modiﬁcations had apparently gone unheeded.
Minuteman funding for the five-year period beginning with fiscal 1965 had increased by
$771 million orer earlier projections: "One of my concerns, ' he told General McConnell,
“jg that we nday price ourselves out of business. " Once again he called for careful review.
Tn his response, the Chief of Staff stated'that the five-year program had been examined

and some $440 million pared from it; the increase, he claimed, was unavoidable. 54

Minuteman Survivability

Cu)-" While considering jimprovements in Minuteman, Headquarters' USAF tooklsteps to

correct the unexpected softness of the launch and eontrol facilities. A design review paoei,

which was organized in 1963, over a period of time sdentified some 40 ''suspect areas' in

Wings I through V, and further analysis discloged that 27 items did not meet design gpeci-

fications. Silo congtruction seemed basically sound, however, the fault lay irx blast vaives,

pipes, and similar items that could not survive the ground shock produced by nuclear

detonations. Tnstead of being able to survive overpressures up to 1, 000 pounds per square .
jnch, launch control facilities could mthstand no more than about 125; launcher hardness,

desdgne'd for 300 pounds per square inch, was rated at approximately 70. 55

’ ( IJ),_” Tmmediately a_fter BSD announced this revised estimate of Minuteman herdness in
the summer of 1965, Secretary zuckert directed a thorough mvestlgatlon which shortly led
‘to preparation of a plan to restore 2 satisfactory degree of protection—== 500 pounds per
square inch for launch control facilities and 125 for launchers -- by remedying the most
serious defects as quickly as iaossible. The proposed work would cost about $30 million and
would concentrate on strengthening control facilities by 1969 and refurbishing the last of the

launcher_s by 1972, which would c01n<:1de roughly w1th the planned completion of force moderni-

zation. In August Zuckert approved this plan, together with a $34 million nuclear effects test
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program, and the two served as starting poi/nt for the survivability improvements formuléted
by his successof, Dr. Harold Brown. 96 ‘

(U)—‘ Brown wished to start at once to correct critical defects by spending about $30 million
for thai; purpose and embafking on a sé:ries of hardness tests costing about $35 million to
dempﬁstrate the effectiveness of the planned "fixes."' On 18 October he reported to OSD that
cor;-gctive action would be taken "insofar as available funds permit. " 57

(1/).—_‘ Secretary McNamara, however, felt the Air Force approach was too cautious. "It

is absolutely essential, '“-he declared, "to correct the hardness deficiencies. . . as soon as

possible, "

He said the Air Force should spend "whatever funds are required, " and he assured
Dr. Brown that "if you do not have the authority to obtain the needed funds, please inform

me of the additional amounts required and I will supply them." 58

(Z/)”A task, force appointed by the Chief( of Staff convened late in October 1985 to review
the problem in the light of Mr. McNamara's comments. On 5 November it producgd a report
upon which Dr. Brown based recommendations submitted to OSD on 13 Noverﬁber. The plan,
which was accepted by Secretary McNamara, called for completion of esséntiz_ﬂ repairs to silos
and control centers by October 1968, achieving an initial operational date of May 1967 ra%hér
than February 1968 for the airborne launch control center, and accelerating simulation tests
using concentrationé of high explosiveé to produce ground shoci: corﬁbarable “go that of nuclear
devices. To pay for the "hardness fixes, " Secretary McNamara included in the Minuteman
program an additional $44. 7 million for fiscal 1966 and $24. 4 million for fiscal 1967. The
amounts added for the l;ardness tests were $28. 6 million in fiscal 1966 and $4. 8 million for the
fol}owing yeari. 59 | "

( AQ. In the spring of 1966, however, a problem arose over échedul'mg the hardening 'work.
To meet the deadline of October 1968, it would be necessary to take 155 missiles off alert for
three months during the same quarter of 1967, with the monthly average afterward remaining

at 85, The original estimate had been a peak of 100 weapons off alert and a monthly average

of 80. The Air Force subsequently managed to avoid so severe a disruption of the force by
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making minor adjustments in the hardening schedule for three wings and .postponing dntil
October 1969 work of installing UHF receivers (for the ALCC) in Wing VI, the newest and
most thoroughly hardened unit. 60 o
(LQ—‘Since atmospheric nuclear tests were prohibited by treaty, the Air Force, in
‘order to determine the hardness of Minuteman facilities, resorted to chemical explogives
to simulate the rolling ground ‘st;ock characteristic of nuclear detonations. This technique
had been used successfully in scale-model tests and was. now applied to silos and control
facilities that incorporated modifications called for in the hardness restoration progre.m
A full-scale test, using the high explosive simulation technique (HEST), required that a
plywood platform be built directly over the structure being tested. This "roof", covered
with a deep layer of dﬁt, concealed a frame upon which was fitted a grid of primacord.
Progressive detonation of the explosive cord produced a rolling shock Wave; and the earth
covered plywood prevented the pressﬁre from escaping upward. Engineers believed they
could in this way produce overpressure ae great as 1, 000 pounds per square inch that would
behave in much the same fashion as a sho.ck wave caused by a nuclear device. 61
(A/)‘ The first test, conducted on 1 December 1965 at a launcher near Warren ATB, Wyo.
generated overpressures estimated at 300 pounds. per square inch but d1d no serious
damage to the silo. This success led to a revision of the HEST schedule. The first test
of a launch control facility,‘ originally set for April 1966, was postponed uﬁtil July, but the
overpressure to which the structure would be subjected i;;}as increased from 600 to 1, 000

pounds per square inch. Preliminary analysis indicated that this detonation, on 22 July,

62

did not disrupt the ability of the control cen.ter to receive, process, and transnnt commands.
(“'\m In this connec;cion, the Minuteman coniractor also made plans for a possible
nuclear test of the system's survivability in the event the test ban ireaty was lifted, According
1o the Boeing Company proposal a missile with only a small amount of propellant would be
installed in an espec1ally constructed complex elther at the Nevada test. srte or-in some remote

part of Alaska. A muclear device would be detonated nearby, and the launch control center would

P
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making minor adjustments in the hardening schedule for three wings and postponing ﬁntil
October 1969 work of installing UHF receivers (for the ALCC) in Wing V1, the newest and
most thoroughly hardened unit. 60 -
(t_ﬂince atmospheric nuclear tests were prohibited by treaty, the Air Force, in
‘order to determine the hardness of Minuteman facilities, resorted to chemical explosives
to simulate the rolling ground sk;ock characteristic éf nuclear detonations. This technique
had been used successfully in scale-model tests and Wasv now appligd to silos and control
facilities that incorporated modifications called for in the hardness restoration progr‘;im .
A full-scale test, using the high explosive simulation tecﬁnique (HEST), required that 'a
plywood platform be built directly over the structure being tested. This "roof", covered

with a deep layer of dirt, concealed a frame upon which was fitted a grid of primacdrd.
Progressive detonation of the explosive cord produced a rolling shock wave, and the earth
covered plywood prevented the pressﬁre from escaping upward. Engineers believed they
could in tms way produce overpressure as grea‘c as 1, 000 pounds per square inch that would
behave in much the same fashion as a shock wave caused by a nuclear dev1ce

)’The first test, conducted on 1 December 1965 at a launcher near Warren AFB, Wyo.
generated overpressures estimated at 300 pounds per square inch but did no serious
The first test

'damage to the silo. This success 1ed to a revision of the HEST schedule.

of a launch control facility, originally set for April 1966, was postponed uﬁtil July, but the
overpressure to which the structure would be subjected was increased from 600 to 1, 000
pounds per square inch. Preliminary analysis indicated that this detonation, on 22 July,

did not disrupt the ability of the qontrol c-enter io receive, process, and transmit commands. 62
(u\m In this connec;cion, the Minuteman contractor. also made plans for a possible
nuclear test of the system's survivability in the event the test ban treaty was lifted. According
- to the Boeing Company proposal a mis sﬂe with only a small amount of propellant would be
installed in an especially constructed complex either at the Nevada test 51te or in some remote

part of Alaska, A nuclear device Would be detonated nearby, and the 1aunch control center would

L
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have to determine the status of the missile and then launch it. All elements of the nuclear

system would thus be éubjected to every nuclear effect, 63

3
gy




III, REENTRY SYSTEMS AND PENETRATION AIDS

(U) All USAF research into ballistic reentry was conducted through the Advanced Balli.stic
Reentr& Systems (ABRES) program. While notﬁ oriented toward a particular ballistic missile
system, it investigated technigques certain to be incorporated in all future ICBM's. Besicies
conducting this general research, the Air Force worked on several new reentry systems, all
of them rooted in the ABRES effort, and pursued developments to perfect penetratiqn aids A

and nuclear effects shielding for use on ICBM's and other vehicles.

The Advanced Ballistic Reeniry Systems Program 4

(d)“ In 1863 the ABRES program became a national effort to investigate the charac-~

. teristics of the optical and radar wakes left by reeniry vehicles the forces acting upon those
vehicles,and penetration aids including chaff, decoys, and the ability of a reentry vehicle to
fnaneuver. By the early summer of 1865, ABRES had begun producing results both in -

reentry technology and in the general improifement of vehicle design, This progress he{ralded

.2 change in financing. As Secretary McNamara pointed out, ''many of the early ABRES advanced
development activities can now be expected to move into the engineering and operational
categories.!” As a result, ABRES funds could be cut since the cost of further development would
be absorbed in individual programs, An example of this sort of change Was.the transfer of $6
million in fiscal 1966 ABRES funds to the Minuteman account for development of pénetration .
aids for new reeniry vehicles to be used with that system. This transaction reduced the amount
available for ABRES from $154 million to $148 m11110n 1 |

ABRES
(d)“s encompassed several complex technical investigations that gave

‘birth to a host of acronyms. Among the titles in vogue during 1965-1966 were: WAC(Wak.e’
ana1y51s and control), which was an investigation of the characteristic plume left by reentry
vehicles and discernible by both radar andioptical instruments; LORV (low observable reeniry
vehicles), a series of tésts designed to show how to reduce radar profiles; and SCOPE

geiay 4

ey
{system configuration and performance evaluation), the name of which was self explanatory.




g ____ & .
Of particular Importance was the combined reentry effort on small systems (CRESS), an

undertaking scheduled for completion in 1967 in which some 30, 000 possible designs for

vehicles weighing less than 300 pounds had already been examined and reduced to 30 basgic

: types. 2

l} (u_ Algo noteworthy was a maneu\}eririg reentry technology investigation

e

(MARTI), an attempt to establish the feasibility of a maneuvering reentry vehicle. Flight
tests of a prototype maneuvering ballistic reentry vehicle (MBRV)-was delayed repeatedly
because its gnidance computer did not survive vibration tésts. A test finally took place
in August 1968, only to fail because the booster engir;e shut down too soon after liftoff;
Arnother maneuv erable prototype was the boost- g.'liAe reentry vehicle (BGRV) which was to
follow a ballistic track part wziy to the target and then glide througﬁ the atmosphere for~
the remaining distance. A gimulated BGRV waé being readied during the summer c;f 1966
for test with an Atlas booster. 3
[A/}_Activities within the ABRES program changed as new problems arose to take
the place of those that had been resglved. Thus, for example, experiments with lightweight
;rehicles pfoved their feasibility but also demonétrated their suséeptibility to roll fesonance', ‘
a phénomenon -~ believed caused "by uneven melting of the ablative shield ~~ that set up
vibrations capable of wrenching the vehicle; apart. An inquiry into the causes of roll re-
conance and the ways it could be prevenied became part‘of the ABRES program. 4
. (t/)- By the end 6f 1964 two sites were being used for ABRES launchings. The Ballistic -
. Systems Divisidn decided in September of that year to transfer to Vandenberg AFB
- activitieg formerly carried out af the Eastern Test Range (ETR). Large boosfer:s; such as
% surplus .Atias missilés, hurled mstfumented reentry.vehicles from Vandenberg toward
! : : A
Kwajalein Atoll. ° }

(u)—mThe second ABRES site was Green River, Utah, from which four-stage solid-

propellant Athena rockets launched scale models of reentry vehicles down a range stretching .

to White Sands, N.M. The first dogen Athena launchings, beginning with the initial flight on
b we I R R W) ; :
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10 February 1964, were generally unsuccessiul, due to various technical and procedural
difficulties. However, the rate of launch successes increased dramatically in the second

half of calendar year 1965 and by the end of June 1966, about 30 of the 46 launchings had been

judged successiul. B

(u)-‘ Although it was satisfied with ABRES in late 1965 Headquarters USAF formed a

group of "devil's advocates, " headed by Maj. Gen. A, T Klnney, Assistant Deputy Chief

of Staff, Besearch and Development, 1o examine every aspect of the program. In J anuary
1066 the group reported it had turned up & nurmber of weaknesses The general and hlS
colleagues recommended that "a much higher priority.. .be given to multiwarhead technology"
and that increased emphasis be placed on the ngevelopment of effective decoys. " They also’ .
maintained that too much effort was being expended on maneuvering vehicles. In generel,
however, their verdict was favorable. ~They found that "'the ABRES program provides a
})road and probably adequate base of reentry technology for the future.' The difficilty lay in _.

"tranglation of this technology into operational capabilities on 2 tlmely basis.'

The Development of New Reeniry Vehicles .

Cdb Of the new reentry vehicles the Air Force was interested in, three .seemed certain

to join the operational force. They were: the Mk-12, capable of directing up to three war-

e e LR

heads af different targets; the Mlk-18, small enough to be employed in clusters; and the Mk-17,

SR

a more conventional vehicle designed for the precise delivery of a high-yield warhead.

e e
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, g During 1962 the Air Force had considered developing both a heavy and light version
- : . )
0T v (9) '

of the Mk-12,
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7 guch a weapon, he

poihtegi O{lt, might be used by several missile systemé, including a mobile mid-rari‘ge weapon

e T o

then under study, or in clusters by the powerful Titan 1. The heavy Mk-12, after being

. redesignated as Mk-16, was eventually dropped. 8
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("O “ In March 1964 Dr. Alexander Flax, Assistant Secretafy of the Air Force
{Research and Development) called upon the Air Sta;ff to evaluate the use of clustered Mk-12's

as a penetration aid. * The resulting study indicat'ed that decoys, chaff, or "precursor bursts'"--
the detonation of missile warheadé to d_iérupt defensive radar and other electronics -- were
more effective than clusters of Mk-12's. Dr. Flax, however, retained an interest in the

use of multiple warheads. 9

Cu>.~ Other USAF investigations, meanwhile, led to consideration of a Mk-12 carrying
several warheads, each of which could be directed at a different target. At first, the idea was to
employ a multiple independently targeted reentry vehicle (MIRV) against hardened targets

such as separate sites within a missile complex, but it was apparent that to destroy these

would require either ﬁnattainable accul;acy or a larger warhead than Mk-12 could. accomodate.
Enlarging the warhead would result in a heavier reentry vehicle and carrier, and these in turn
would require a missile more powerful than Minuteman. Although the future of the Mk-~12 for

a time looked bleak, further study disclosed that almost two-thirds of the so-called "time
urgent” targets were soft. This discovery, according to the Scientific Advisory Board's
'Nuclear Panel, changéd the pipture drastically; the Minuteman became acceptable, and it was
not deemed necessary to improve accuracy "beyond that expectéd with Minuteman II, "' 10

% In July 1964 DDR&E requested that the Air Force furnish him information on a Mk-12

design that would permit the independent targeting of three Warheads. carried by a single

" Minuteman. )

b

The decision was made
6“‘?{;5;;5— some sacrlﬁce in yield in order to meet Welght specifications. 1
(L/)n This compromise cleared the way for development of the Mk-12 MIRV. Accordlng to
this concept, Minuteman I would propel, on a ballistic track, a "bus" equipped with its own

guidance and control and housing three Mk-12 warheads. Once the bus had separated from the

third stage, a so~called post boost control system would position the Mk-12 carrier so that it

MBI e, PR STy

% See discussion of penetration aids, page 38.




could eject in succession, the three warheads. In this fashion, one Minuteman could engage

i " three separate targets within an eliptical area 50 miles across and extending 200 miles down

- range. 12

(U>-“ The Mk-12 research and developmént effort by January 1965 had produced a
satisfactory post boost control system. Lc;w thrust, liquid fueled rockets proved adequate to
3 the tagk of adjusting the position of the carrier for the release of each reentry vehicle. AFSC
1 favored perfecting this design, but at the same time it wanteq to develop a solid fueled system

which offered improved reliability, although it posed a greater technological challenge. 13

Secretary McNamara when he approved Mk-12 development had called for an initial operational

capability of January 1969. In March 1068, however, he approved postponement of the

operational date to July 1969, at which time the new Minuteman III also would become available. 1

(’J>~ Mk-12 testing got off to a disappointing start. On 17 March 1966 the first

Mk-12 was launched from Vandenberg AFB aboard a Mimiteman IT missile. Unfortunately it
. brok'e up as it was plunging toward the designated impact area, Instrument readings indicated

that tumble rockets, designed o propel the reeniry vehicle clear of the third stage, failed to
fire so that exhaust from a third-stage retro rocket struck the Mk-12, caq’sing .it {o tumble, .
reenter the atmosphere at the wrong angle, and generate heat intense enough to cause the
ablative shieid to peel rather than melt evenly. At about 26, 000 feet, the nése cap colls'.psed,
and the vehicle disintegrated. Other test launchings were planned. 15 .

@I)_Approval in April 1966 of the Navy's development of Mk-3 for the Poseidon,
successor to Polaris missiie, raised the question whether the AEC could provide all the neces-

sary fissionable materials for the various systems being developed., For a time the Air Force

hoped that Mk-18 could become the subject of a joint effort with the Navy that would produce a
vehicle suited to both Minuteman and Pogéidon. The Navy, however, intended from the outset
to incorporate in its system a beryllium heat shield that could not cope. with the heat and stress

imposed on it by the more powerful ICBM. Asa result, Secretary Brown on 28 June 1966

o
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approved development of a Mk-18 independently of the Navy's Mk-38 but proposed that Lockheed,
the Mk-3 contractor, be invited to compete for the Mk-18 contract. He noted that'roll
resonance might cofnplicate the Mk-18 effort, since this effect seemed to grow more critiéal

as vehicle size decreaged. 18

The third reentry vehicle, the Mk-17, was an attempt to provide Minuteman with
-a means of destroying hardened targets. This system replaced the heavy Mk-12 which had  )p7

been .redesignated Mk-16, studied, and dropped. _ _ \\0/3)

1
i ¢ (The weight was later reduced to

900 poundd.) In December 1964 McNamara earmarked $1 million to begin work .on the system,
The following March he approved, subject to the results of project definition, the development
of a Mk~17 suited to both Poseidon and Minuteman and released funds already authorized. 19

M Final OSD approval for Mk-17 development came in March 1986. Specifi-

cations had changed very little since the beginning of project definition. ‘
- [ RS

1we

“' f?;;tlal -p—lans called for the deployment of 7.(30 Mk—17 reentry systems 17[9
with the major pc;;?{on of the operational Minuteman&force; the rémaining 300 missiles ;N’O‘llld
Be equipéed with Mk-12's. 20 '
(ZJ)-—TO permit precision guidanée through reentry maneuvers of 100 g's, and thus
avoid interception at no cost in WeaponA system accuracy, the Air Force in late 1863 began
development of a new guidance system called SABRE (self-aligning boost and reentry). By
January 1966 the ;instrumentation Laboratory., Massachusetts Institute of Technology (M.I,T.),
had completed work on the first o;f three prototypé inertial measurement units (IMU's) which
- was integrated with a Univac 1824 computer,
(u>m0n 3 January, the Air Force invited contractors to submit bids for varioﬁs MU

- design and engineering studies as well as for fabrication of two ground-test units. In April

competitive contracts were awarded fo A, C. Electronics and the Autonetics Division of North
. EE e e H L g -
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American Aviation. Funding for system development, originally set at $15 million for fiscal
year 1967, was cut back in early 1966 to $13 million, and this was expected to slow the pace

of the work. 21

Penetration Aids

('J)“ By mid-1965 elements of the operational force Wejre being equipped with rudimentary
penetration aids. Titan 11 had mid-course and termmal decoyé that simulated the radar image
.of its Mk-6 reentry veh1c1e S;ame- Minuteman I missiles in Wings IT through IV were fitted
with retro and tumble rockets t0 insure separa’clon of the final stage from the Mk-11 reentry
‘vehicle and prevent the former from bemg used by enemy radar ag an offset aiming point. 22
(U)” Although these alds were crude, they were considered adequate for the time
being. Efforts to acquire more advanced aids were pursued as part of ABRES but progress ‘
was so slow that Dr. Brown, then DDR&E, in May 1965 and again in June expressed concern
about the leisurely pace. He finally chrected the Air Force to submit a program for the
production of penetration aids suited to both Mk-11A and, if possible, the new Mk-17. A pro-
gram package was submitted to OSD in September.
(IJ_' Subsequently, on the basis of analyses of pOSS1b1e defenses against USAF
pallistic missiles, Secretary WMcNamara directed the Air Force to 1n1t1at¢ lan urgent, orderly-
/':p netration a1ds7 development program including an option to produce ;.md /_—lead‘mg to:/ a
production decision early in FY 67. " Qut of the Secretary's 1nstruct1ons came 2 plan to
develop two penetration systems, both for Minuteman. A USAF proposal to add chaff and

dispensers to the Titan fleet was rejected because of the inherent vulnerability of the Mk-6

reentry vehicle to defensive weapons.

C/J_ The two systems placed under development for Minuteman were Mk-1 and

Mk-12. Mk-1, which met the requirements of both the Mk-11A and Mk-17 reentry vehlcles,
would emit nine 1arge clouds of light chaff at intervals of 50 nautical miles during descent

prior to reentry. The clouds would be dense enough to conceal bo’ch the vehicle and its booster
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from defensive.radar. The initial operational capability for Mk-1 was scheduled for January
1968. The penetration aid planned for the Mk-12 reentry vehicle would deploy heavy chaff at
intervals of 15 nautical miles down to 200, 000 feet. Decoys also were being developed to

confuse terminal defenses. Initial operational capability for Mk-12 was July 1869. 25

(u) W Thc penetration aids program came under frequent review. In March
1966 Dr. John S. Foster, Jr., Dr. Brown's successor as DDR&E, called upon the Air Force
to investigate interim measures for countering a Soviet ballistic missile defense that might

be deployed around key targets, such as Moscow and Leningrad, as early as.1968. Dr. Foster
had in mind modifications tilat would lower the altitude at which the Mk-11A could be picked

up by enemy radar. Proposed changes included nuclear blackout of the radar--which actually
belonged under tactics rather than equipment--together with the use of heavier chaff, decoys,

. 26
or electronic countermeasures.

: (u)mms response Secretary Brown pointed out that the Soviet threat, though

+

it might be effective against Mk-114, would be of no value against Mk-12. The problem, there-
fore, would be eliminated when the newer reentry syétem became operational in 1969, For
the interim, Dr. Brown favored tactical innovations -- such as precursor bursts or saturation

fo enemy defenses -- rather than development of new equipment for the Mk-11A, 27

War'head Survivabili’c.y
(V).m- In order to survive defensive detonations ar.1d destroy their intended targets, USAF
reentry systems had to have protection against four nuclear effects: promplt gamma rays,
neutrons, eléétromagnetic pulse, and "soft" and "hot" x-rays. Prompt gamma rays emanat-
ing from nuclear blasts introduced currents that causéd false guidance signals, while neutrons
could damage the components of electronic subsystems. ZElectromagnetic pulse burned out
wires and transistoré by causing violent surges of elec;srical current that ﬁiglfs also gonfuse i

the guidance system. Soft x-rays could cause the peeling or buckling of heat shields. Hot

x-rays could vaporize a heat shield, erase memory drums that carried arming information, or
@ v g
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burn out circuits within the vehicle and thus cause false guidance commands, During 1965-19686
the Air Force was most concerned with protection against hot x-rays which, when caused by
nuclear bursts outside the atmosphere, were believed effective for hundreds of kilometers. 28
Barly in May 1964 thé Air Force proposed that the Minuteman N-17 guidance and
control system be given adequate protection against x-rays from nuclear detonations. The
Secretary of Defense replied that he did not consider this sort of hardeniﬁg necessary as yet.
He requested further studies of the likelihood of Russia succeséfully developin,;g and deploying

a defensive system using enhanced high energy x-rays, however, and these studies caused

him to change his mind. In October 1964 an AFSC study of this subject was submitted to

4

Q)ﬁg,DDR&E and it led to OSD approval of steps to protect Minuteman reentry systems against
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CUX—'TO finance this effort, the Assmtant Secretary of the Air Force (Research and

Development) requested $3.5 million from OSD to begin work during fiscal 1965, However,
DDR&E, rather than draw from the department's emergency funds, difected the Air Force io
use some of the $9, 5 million previously programmed for the N-17 guidance and control system.
(U_ The question of the survwablhty and vulnerability of USAF m1ss1le sys’cem con-
tinued to trouble top USAF and OSD officials, who felt that the response to the problem had
been sporadic. In October 1965 Headquarters USAF established a focal point within the
Directorate of Operational Requirements and Development Planr;ing for monitoring ;I:hese
surviv.abilityr efforts. AFSC was dire'cted to undertaké additional studies, On 5 November 1965
General S;:hriever advised Gereral McCoﬂnell that he would establis.h an Assistant for Survi-’
vability within his headquarters to begin mtenswe investigations. 81

(U)—Subsequenﬂy, AFSC's Ballistic Systems Division prepared a comprehens1ve study

on Minuteman and Titan II system survivability. As a result of this study and its evaluation in

30
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Headquarters USAF in April 1966, BSD revised hardness criteria, increased the recommended

TR

hardness of the advanced ICBM, and changed shielding materials on Minuteman II. On
1} February 1966 AFSC also submitted a five~-volume study on the effects of hot x-ray weapons
on current and future weapon systems- which became the basis for planning future hardening

activities. 32

W In late 1965 Secretary McNamara released funds for an underground tes—t of

Mk-11A survivability and also approved further hardening of the new Mk-12 and Mk-17,

i . — e
' A
— b3

/Although data were not immediately available on how the N-17

b

guidance unit had fared, preliminary indications were that the blast had been as powerful :

; as planned and that the measuring instruments had worked properly. 33
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V. MISSILE DEVELOPMENT PROGRAMS

(U) Even as it supervised the moderni;ation and improvement of Minuteman and develop-
ment of advanced reentry vehicles, the Air Force'(‘engaged in a search for new migsiles to
complement the existing force or, possibly, to replace it. Among the proposals considered‘ .
during fiscal years 1965 and 1966 was an air transportable missile and a mobile mid-range
missile, but neither was ‘pursued beyond preliminary studies. The major research and
development éffofts that gained approval were Minuteman III, an advanced ICBM sometimes

called the improved capability missile (ICM), and 2 short-range attack missile (SRAM).

The Proposed Tlexible Theater Missile

(d)’During the first half of fiscal year 1985 AFSC sponsored 2 study of a transportablé ~«_"nid—
range ballistic misaile that could be deployed by ajir, moved into firing position by road, and
quickly made ready for action. The. purpose of the study, undertaken at the request of DDR&E,
was to determine if a transportable weapOn, consisting of‘ Minuteman second and third: stages,
was the équal of the recently proposed mobile mid-range ballisticA missile. * The study |
concluded that the transportable missile offered no unique adyantage, the é;averal reviewing
agencies and comﬁands agreed, and DDR&E concurred that such a system would be of no use 1o
the Air Fofce. 1 ‘

(U)’ The war in Vietnam and China's detonation of 2 nuclear device revived A
interest in the mobile mid—r.ange ballistic missile. - Originz;tlly this weapon had been considered
.primarily for use by the Noﬁh Atlantic .Treaty Organization (NATd) and. discarded largely
becau;e mmember nations chowed so little interest. Early in 1965, ‘however, Secretary
McNamara raised the question on deploying this kind of system 1o the Far Fast. The Air.
Torce reacted by examining several existing or potentia} 'weapoﬁ systems, stre'ssi.ng their -

= £
suitability for opérations in the Orient. 2 '

¥

G}k The resulting study concluded that, although Polaris A-1 could serve for the time

% See Nalty, USAF Ballistic Missiles;: 1962-1964, pp 59-87.
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being, the flexible theater missile should be developed for deployment to the Far East. The
preliminary technical development plaﬁ for th.is weapon proposed a two-stage, solid-fueled
booster capable of delivering either nuclear or high explosivé warheads at a maximum range of
2,000 nautical miles.. The missile system described in the plan would be mounted on a
transporter-launcher able to negotiate primary or secondary roads. 3
(ub Despite an endorsement by General Schriever, the Air Force Council decided 1o shelve
the proposed flexible theate‘r missile. The AFSC commander urged development of the
weapon fér its militar"y value and also in order to forestall an Ax:my attempt to reserve the
Far East for its Pershing missile, but his colleagues on the council decided against recom-
mending develoioment lest the pro ject bleed funds from more important work. AFSC continued,

nevertheless, to study the general topic of mid-range missiles, 4

Minuteman IIT

(U')ml\/[inﬁteman 111 was the result of several improvemeﬁts to the basic Minuteman design.
In November 1965 Secretary McNamara first suggested that adoption of the Mk-12 reentry
vehicle justified treating the weapon system as-something unique. In a memorandum to _
S;cretary Bfown, he said the "Minuteman missile gquipped with fhe multiple reentry vehicle
and other changes associated with that warhead is so much more effective and carries much
more des‘tructi.ve power that I believe we should give serious consiaerétion to giving it a new
name,'" Brown replied that, though he saw no reatl need for a new name, Minuteman IIT would
give an accurate deécription of thercomb.ination of missile and reentry veh_:ic'le. On the bas;is
of this agreemént the term Minuteman Il was adopted in December 1965 tt;) apply to those
missiles that would be equipped with the Mk-12, while those equipped with either the Mk-11A
or the i)roposéd Mk-17 continued to be called Minuteman II, ®

(U_ The Air Staff, meanwhile, had been considering an AFSC recommendaﬁon, first
submitted in June 1965, to develop a more powerful third stage for Minuteman, AFSC said

the motor was needed because of weight increases brought on by additions to the system,

;
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such as adoption of Mk-12, the emphasis on penetratiori aids, and the need to provide shielding
against the effects of nuclear detonations. The AFSC proposal encogintered opposition with
the Air Staff. The Director of Production and Programming, Maj. Gen. Harry E. Goldsworthy,
suggested in November 1965 that "at this juncture a mofe pronounced attitude in opposition to
further Minuteman change should be adopted. " He urged his superior, Lt. Gen. Thomas P.
Gerrity, Deputy Chief of Staff, Systems and Logistics, to exami_fle cax;efully each proposed
modification in order to determine its probable impact on the development of an advanced
ICBM (discussed below). ''We feel,' General Gold-svvorthy declareci, “that our resources
should be conserved in the interest of protecting the advanced ICBM effort. " General Gerrity
shared this view. The Air Staff Board subsequéntly recommended against this fgrthe;t
modification of Minuteman and Secxgetar;} Brown on 26 February 1968 advised OSD against
developing the new third stage. 6
(d>_ Du‘rlﬁg the discussion that led to Secretary Brown's recommendation, General
Schriever had favored 'requesting funds for both development of the new third'stage and for
preliminary work on the advanced ICBM. He said he was not convinced that the advanced
Weap$n had to be purchased at the expense of Minuteman, His poéition,_ supported by a
minority of the Air Staff, coincided with OSD!s determination to exploi"c Minuteman to the

fullest before replacing it with a new missile. After further discussions of the subject

between representaﬁves of the Air Force and OSD, Secretiary Brown on 19 Mafch recommended

OSD waive contract definition so that production of an improved third stage could begin as
quickly as possible.. In his memorandum to OSD, Brown also endorsed the impo rtance of
udev‘eloping an advanced missile and stated that modification of Minuteman should not jeopardize
this undertaking‘. 7

(d)’ Dr. Foster, the defense research director, agre'ed that enoug'h preliminary work had

been done in connection with advanced ICBM technology to permit waiving contract definition.

On 26 March Deputy Secretary Vance approved development of an improved third stage. Plans .

called 'for attainment of an initial operational capability in July 1969. 8
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(u)‘ Following the decision to add the improved third stage, the term Minuteman III had

" to be redefined. In May 1966 OSD agreed that Minuteman III consisted of the LGM-30G missile

(the first and second stages of Minuteman F and the improved third stage), a post-boost
vehicle, and either the Mk-12, Mk~17, or Mk-18 reentry vehicle.. The post-boost vehicle
consisted of a control system (cogtaim‘ng guidance and propulsion subsystems) and a universal
reentry system suitable for housing various reentry vehicles and their penetration aids, .The
Air ';E‘orce also was to make provision for the pqssible future incorporation of the trajectory -

accuracy prediction system, since that program had not yet been halted, 9

An Advanced ICBM

(U)'Fpr several years up until iate 1961, the Air Force had worked on develol;ing a mobile
Minuteman to be launched from railroad trains deployed at réinforcedl sidings in the western
T;Tnited States. For various reasons -- problems of weight and safety among them -~ OSD
canceled this program on 14 December 1961, The decision made available $10 million in fiscai
year 1963 funds for USAF research that would contribute to an advanced type of ICBM. The
new undertaking emphasized technology that could be incorporated in a successor to Minuteman.
Among the subjects selected for study were: "cold launch, " a means of ejecting a miséile from

its silo before first-stage ignition using compressed gases -~ the so-called "air elevator';

high energy propellants; and improved guidance, including a system 'capable of remaining dormant

for a long period of time with no appreciable sacrifice in accuracy. 10

(d}' Subsequent financing for these advanced ICBM studies proved somewhat erratic,

Although OSD approved the expenditure of $15. 5 million for fiscal year 1964 and $15 million for
fiscal year 1965, the amounts actually released were $8 million and $3 million, respectively,

Fiscal year 1966 allocations were reduced from $10 million to $5 million despite objections by

the Dr. Flox. Although the Air Force wanted $10 million for fiscal year 1987, the $5 million
11

ceiling appeared likely to remain in effect.

T
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[A/)‘ Despite the uncertain fundin’gand comparatively small amounts actually invested, the

advg.nced technology program produced notable dividends. It resulted, for example, in a
successful demonstration of cold launclr}. on 25 June 1965, when a tethered 300, 000 pound
dummy missile was ejected from a médiﬁed Minuteman silo at Edwards AFB, Calif. By
adopting this technique, the missile éould occuby almost all the space within the silo; v.vithout
it, room had to be left to accomodate the gases generated by the burning propellant of the

first stage. Also progress was made toward acquiring an inertial guidance system that could

be activated almost instantly after remaining untended for a long time, and toward increasing

the efficiency of solid motors by mixing metal additives with the pfopellant. In addition,

scientists devised a technique which used a framework of propellant-coated wire to support

a missile fiberglass casing, thus increasing the ratio of propellant weight to total motor

weight., 12

((,D YR During the summer of 1965 the Air Force Systems Command, which had been .

" sponsoring the advanced technology effort, surveyed the possible Soviet threat during 1970-1975

e A e e S e e e e g
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and concluded that a powerful ICBM capable of propelling 5, 000 pounds or more of payioad

$
[
i should be developed and deployed with mobile launchers or at sites hardened against nuclear
I
1
i

attack. 'The use of mobile launchers would lessen the danger from multiple reentry vehicles,

S

s

{ and the greater lifting power would permit the use of elaborate penetratioﬁ aids and multiple

b
i H
i
]

= ‘ warheads, either independently targeted or in clusters. Headquarters USAF studies that
addressed the future Russian threat also concluded that Minuteman would have to be replaced by

a more powerful missile, a mobile system that would become available in fiscal year 19 73. 13

((J)m' Early in 1966 Secretary Brown directed the Air Staff to waste no time in formulat-

ing a concept for this advanced system.  He expressed concern that delay might result in -

missing the fiscai year 1968 budget deadline, a failure that would jeopardize the proposed opera-

tional date. Dr. Brown also reniinded the Air Staff that "1, 000 psi was not a magic figure" for

system hardness and he asked for a comparison of the advantages of that degree of protection

A4, ' ‘ 14
i3 S against those afforded by 300 pounds per square inch.
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(d_he time in which the new system had to be developed was further compressed on

22 March 1966, when DDR&E gave informal notice that contract definition, for which the Air

- Force wanted $4, 5 million in fiscal 1967, would not be approved. Regardiesé of how thoroughly

the Air Force set forth its ideas, the oniy advgnced ICBM funds released by OSD would be

for studies and technical development. If the Air Force was to attain an initial operational
capability in 1973, which Secretary Brown desired, a preliminary technical development plan
would have to‘ be completed during the summer of 1966, so that there would be ample time to
request funds for contract definition in the fiscal year 1968 budget sﬁbmission. 15

[M)’ In April 1966 the Air Force set about defining the de;sired characteristics of the new
missile. By June analysts had compared the various degrees of haréness and decided that
protection against overpressures of 1,000 pounds per square inch was worth the additional
cost. Further protection might be provided by the Army’'s anti~missile.batieries, a
possibility suggested by Secretary McNamara. Although the preliminary USAF plan called for
deploying the Advanced ICBM in silos, it als;) provided for mc;unting the weapon on a trans-
porter-launcher for mobile land operations.. The Air Force visualized a missile capable of
propelling 7, 000 pounds a distance of 5, 500 nautical miles and achieving a CEP of . 2 nautical
miles. At the end of June 1966, the Ballistic Systems Diyision was preparing a sys‘ter;l package

plan, 16

The Short Range Attack Missile

(u}‘Early in 1963 the Air Force closed its books on Skybolt, an ai;‘-launched, medium range
(about 1,150 m:iles) bgllistic missile intended for use Ey B-52-bombers. Secretary McNamara's
cancellation of this development on 31 December 1962 marked the end of a USAF effort of several
years' duration. Beginning in 1963 the Air Fbrce turned its attention to development of a short
range attack miésile that could be adapted to thé B-52 as well as to the proposed advanced
manned strategic aircraft (AMSA). After an intensive study .by Project Forecast of future USAF

requirements, conducted in the spring and summer of 1963, General Schriever, the project

‘a3
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i director, in early 1964 recommended to Secretary Zuckert that the Air Force begin development

of both the advanced bomber and the SRAM.

q In May 1964, on the basis of additional studies by AFSC, Zuckert submitted a program
change proposal to OSD calling for developmer;‘; of a "short range air-to-surface missile which
can outrange enemy surface-to-air low altitude defenses and which will be effective agairist
either soft or medium hard targets or against the defense when improved penetration éapability
is required." Desired range was 40 to 60 miles, enough to insure.that the missile, when

“launched at low altitude, would arrive before the plé.ne that carried it came within radar range

N of the target. ; 4 \ ﬂ%%”x
+

A high explosive warhead also was under corfsideration, primarily for attécking radar si'te;.' 17
(d)‘ On 31 October 1964 Secretary McNamara responded by requesting the Air Force to .
undertake further studies of the proposed mi;sile‘s survivability against likely enemy .‘aefenses

and of cost effectiveness. Heé also cautioned the Air Force against possible duplication c;f the
Navy's effort to develop a low altitude gttack missile.. After doing additional work, in January 1965
1965 the Air Force submitied a new request to begin project definition which triggered a le'ngthy

discﬁssion that clarified SRAM's characteristics. The Air Force maintained that thé missile

should be capable of three trajectories: low level, with a range of about 20 ﬁiles; skip, in .

which the missile followed a ballistic track that ‘Eerminated just short of the target, restarted
its motor.', and cont"i‘nued‘ at low altitude; and ballistic which, like skip, gave a range of about

45 ,Iﬁiles. The skip trajéctory was designed to meet objéctiqns thét a ballistic path would be
vulnerable to antimissile systems deployed against ICBM's. On éS March Secretary McNamara
accepted the idea of three trajectories which, in his opinion, ﬁelped SRAM 'present the defender
a threat that is significantly different from the ballistic re-entry threat.”

(ﬂ_ During this discussion DDR&E questioned the feasibility of using a radar homing

device on SRAM. He thought that the homing system would be unable to distinguish among

Wl
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various sources of radar waves and that the weapon was likely either to destroy the first radar -

it chanced upon rather than the one -- perhaps sewveral miles distant -~ at which it was aimed,
or become s0 confused in the maelstrom of radar waves that it would crash out of control.
‘Whereupon, Secre‘céry McNamara deleted the requirement for radar homing; however, he
directed that space be left within the weapon to accomodate such a system if a suitable one

should become available, 19 - ) e
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) The ability to select by remote control would
enable the crew to employ the amount of destructive force better suited to the appropriate .
target. The requirement for a high explosive warhead was dropped, presumably befause no
suitable radiation homing device was available, as well as because shorter range, high
explosive, anti-radar weapons already were in the arsenal. 20
(u)-' Subsequ.ently, OSD asked the Air Force to submit its proposed deployment of the
missile. On 18 Juné 1965 Secretary Zuo;kert submitted a program change proposal calling for
procurement of 1, 913 SRAM's to equip 17 B-52 squadrons (100 missiles per squadron) plus
213 to support a long-range combat evaluation launch program. On 3 Septemb;ar McNamara
advised there would be no ‘immedia‘ce decision on SRAM procuremen"c.or deployment. The
Deputy Secretary of Defense later explained that it appeared "unwise and unnecessary to enter
" a commitment to purchase SRAM at the time of starting engineering development. " The Air
Force was authorized to begin development, with procurement to be considered six n;xonths to
a year gﬁtgr engineerin—g development began, - OSD directed the Air Fo;ce to préparfi alternate
propo»sals for contract definition and to consider use pf the SRAM either with the proposed new
FB-111 or the B-52.* On 15 November the Air Force awarded contracts‘to the Martin—Marietta
.Corpérafion and the Boeing 'Compaﬁny to undertake the /};’hase 1 cc;ntraét definition studies.

(d)‘ In December 1965 Secretary McNamara decided to equip the FB-1ll with the SRAM.

He called for an operational FB-111 force of 15 aircraft in fiscal year 1869, 105 the following

A

* See Bernard C. Nalty, The Quest for an Advanced Manned Strategic
Bomber, USAF Plans-and Policies, 1961-1566 (AF 19686).




year, and a maximum of 210 in 1971, The SRAM force would total 150 in fiscal year 1970, 450

in fiscal year 1971, and reach a planned maximum of 525 by the end of fiscal year 1972,

“ .

Although McNamara did not approve deployment of SRAM with the B-52, OSD.later provided

$8. 9 million in fiscal year 1967 funds for study of B-52/SRAM compatibility. 22

“ On 15 March 1966 Martin-Marietta and Boeing submitted their project definition pro-

posals to the Air Force, which immediately began an evaluation that would culminate in the -

] awarding of an eéngineering development contract some time in August.
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ABRES . . . . it e e e e e e e e e e Advanced Ballistic Reentry Systems
AEC . ... .. V. e e e e e e e . . Atomic Energy Commission
AFB L i i e e e e e e e e e Air Force Base
AFCHO . . . o i e e s e e e e e USAF Historical Division Liaison Office
AFLC | e e e e Air Force Logistics Command
AFSC ... ... e h e e e e e e e e e Air Force Systems Command
AGM & . . s s s e e e e . . . .Air to surface attack .guided missile
ALAC‘C e e e e I . . .Airborne launch control center
APP L L e e, e e e e Appendix
ASB L L e e e e e . . . Air Staff Board
Asst L L e Assistant
Atch . . ...................Attachment
Br ... e e e e Branch
BOD ... e e e e e e e e e e e e Ballistic Systems Divi’éion
C e S | Confidential . .
CEP ..... PR e Circular Error Probable
CIC8 . . v it e e e e e e ‘. . . .Chairman, Joint Chiefs of Staff
Cmd . ....... e i e e e e . . . .Command
Comdr . ", Lt v v et e e e e e Commander
ACOng e e e e e e P e e e e e e . Congress .
CRESS . ..... e e e e e e e e e e e Combined Reentry Efforts on Small Systems
CSAF .. ..... e e e Chief of Staff, US Air Force
DASA .-, oL 0. .. ‘ L. “. . . . .Defense Atomic Support Agency
' DCS . .. it .. . . Deputy Chief of Staff |
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DDR&E ,.......... .+ +..... .Director of Defense Research and Engineering

Dep . ................... Deputy

Dept . .. ... . i Department

i Dev oLl e e+vse ... Development
Dir/PP ., ... .... e e e e e . « .. Directorate of Prbduction and Programmingv
Dir . . . . . e e Director, Directorate
Div .. ....... e e e e e e e . . Division
bOD,,_,,,,__;,._,_,,,,,DepartmentofDefense
DSMG, ) e e e e e e . . Designated.Systems Management Groﬁp

ECT . ... ... .4 v v+ .. EnableCommand Timer

Engring ., ... ... ..... e e Engineering
etal |, L. ..., e e e e e e . and others
Exec . .. ... 00000 .. . Executive
Facs . ... ... . . .. Facilities
FOT .. . ... .. .... .. ...... Follow-on Operational Tests
\
FY . . .0 i e i i Fiscal Year
Gp .. . e ...'Group
GSA ... i e . » . General Services Adrriinistration
HAYT . ... e e e e e e e e . . High Altitude Fuze |
HEST ., ........ « e+ v ... ... High Explia-sive Simulation Test
HiSt L. Histor&

HQ .. ..%+.+ev'vveewweu.o... Headguarters

ICBM e .' ........ ...... Intercontinental Ballistic Missile

ICM . . ... . .. .+« . Improved CaI‘Jabilit'y Missile

IELES . ...... e e e e e e « + . . Improved Encoded Launch Enable System
Incl oo L .. Inclosure :
Info e e e e e e e e e e . . Information
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0 Joint Chiefs of Staff

JCSM ... ... v e e s e+ e+ ., Joint Chief of Staff'Memorandum

Tab oo e e e e e e e . «... Laboratory

LECS. v v v ie e een e . . . Launch Encoded Control System

LEES. . ... e e e e e e e e e e e Launch Encoded Enable System

LGM e e e e e e e e e e ~ . . . Silo launched, surface attack
Ltr.‘......... ..... ..... Letter

MARTI ,,,,,,,,,,,,,,,,, Maneuvering Reentry Technology Inv;astigation
Memo. . . . . . e e e e e . Memorandum ‘ |
Mgt . ... ... e e e e e e e .. Manageﬁént

MIRV . it ot e i e e e s s e s e s s .. Multiple independently Targetc;d Reentry Vehicle
MMRBM . ... v v v v oo B Mobile Mid-Range Ballistic Missile

MSE & v i e e e e e e e e e e e e Message

MSL L . . e s e e e e e e e e Missile

n.d ... ..., e e e e e e e no date

‘No. . .... e e e e e e e e e e Number

NOFORN . .. ...+ vee v vvee...NotReleasable to Foreign Nationals

ONSA L L. .. ... e e+ <+« . . National Security Agency
Ofc . ....... e e e e e . . Office
ODP . i it it e e e e e e e e e Operation, Operational .
OS AT . i e e e e e e e e e e Office of Secretary of the Air Force
OSD ., L e e e e e e e e e e e Office of Secretary of Defense
OUO | .. . o vt e e e e e e . . Official Use Only
B Program Change Proposal
PDP . ........ e e e e e e e e ; Project, Definition Phase
Prog . . ..l i e e e e e ‘ . . Program
P& . . e e e e e e e e e e e e e Production and Programming
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RCA........ e a e e e e e e e s Radio Corporation of America

RD ...... C e e e e e e e e e e e Restricted Data (Atomic Energy .Act, 1954)
"R&D . ... o0 0. . «++«++.... Research and Development

BDT&E . . @ . v v e v s e v e v v s ". . Research, Development, Test, anci Evaluation
Rprt .. .......... e e .‘ Report

Rgmt . ... e e e . e e e e e " Requiremént

S ..o e e e e+ ... .. Secret, Sensitive

SAB . ... ... e e e e e e e e . Scientific Advisory Board

SABRE ....... R I Self Aligninngost and ﬁeentry

SAC . ... ... + <+« ... Strategic Air Command

SAF o v v i e it e e e e e e e . « « Strategic Air Command

SECDEF « « v = o v v o« v o« + « « « .« Secretary of Defense

SI0oP ... .. . .7 e e e e e e e e e Single Integrated Oper‘ations Plan
SLBM . ..... .. e e e e e e e e e Submarine—léunched ballistic missile
S&L. ., L. ... V :%++«.... Systems and Logistics

- SPO c e e e e e e s v e e e+ .. System Program Office

SRAM |, _ ...... e e e . . ... Short Range Attack Missile

Sub.com’te ________________ . . Subcommittee

Subj ................... Subject

TAPS B . Trajectory Accuracy Prediction System
Telecon . - . - .« e Telephope Conversation

b T - Top Secret .

U oot e e e e e e e . Unclassitied
15152 .. Ultra High Frequency

Under SAF IR IRIREEEAREERE Under Secretary of the Air Foz“ce
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AFCHO PUBLICATIONS

Below is a selected list of AFCHO historical monographs which may be obtained on loan
or for permanent retention. Copies may be obtained by calling Oxford 6-6565 or by
forwarding a written request.

USATF Counterinsurgency Doctrines and Capabilities, 1961-1962. (S-Noforn)

USAF Special Air Warfare Doctrines and Capabilities, 1963. (S5-Noforn)

USAT Plans and Policies in South Vietnam, 1961-1963. (TS~Noforn)

USAT Plans and Policies in South Vietnam and Loas, 1964. (TS-Noforn)

USAF Plans and Operations in Southeast Asia, 1965, (TS-Noforn) . ;

‘Strengthening USAF General Purpose Forces, 1961-1964. (TS-Noforn) ' !

Strengtﬁening USAF' Airlift Forces, 1961-1964. (S-Noforn)

The Quest for an Advanced Manned Strategic Bomber, 1961-1966. (S-RD)

The Air-Force in Space, Tigcal Year 1963. (TS-RD)

The Air Force in Space, ‘Fiscal Year 1962, (S)

" The Air Force in Space, Fiscal Year 1962. (S-RD)

USAT Command and Control Problems, 1958-1861. (S)

USATF Strategic Command and Control Systems, 1958-1963. (S—Noforn) ]

Command and .Control for North AinericaLn Air Defense, 1959-1863. . (S-Noforn)

The Air Force and the WorldWide Military Command and Control System, 1961~1965. (8S)
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