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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 -




B e e 5

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
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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