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FOREWORD

USAF Ballistic Missiles, Fiscal Years 1962-196L covers a period
in which Minuteman emerged as the principal Air Force contribution
to the nation's strategic missile force and the older, obsolescent
missiles were scheduled for early retirement. This history carries
forward the story narrated in three previous histories prepared by
the USAF Historical Division Liaison Office: Plans and Policies for
the Ballistic Missile Initial Operational Capability Program; USAF
Ballistic Missiles, 1958-1959; and USAF Intercontinental Ballistic
Missiles, Fiscal Years 1960-61.

The current study deals with the planning for the retirement
of the earlier missile systems, the emergence of Minuteman as the
mainstay of the force, its planned modernization, and the planned
acquisition of an improved Minuteman. Other topics discussed in-
clude the decision to use both modernized and improved Minuteman
in the future Minuteman force, and the relationship between force
objectives and strategy. A chapter on missile reliability outlines
some of-the obstacles to reliability, the solutions tried, and the
measures taken to obtain accurate estimates of system reliability
for use in the preparation of war plans. The history traces the
course of re-entry system development and examines a proposed new
mid-range ballistic missile program which was ultimately discarded.

' MAX ROSENRERG

Chief

- USAF Historical Division
Liaison Office
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I.  CHANGES IN THE MISSILE FORCE

(U) . Before 1961 the Air Force was engaged in a race to catch up

18 with the Soviet Union in the field of intercontinental ballistic

missiles (ICEM's), the emphasis being upon getting as many missiles

as possible deployed in the shortest'possible time., -Afterward, as
§ the nature of the Soviet threat and the ™missile gap" became clearer,

emphasis shli‘ted from numbers of weapons to their reliability and

flexibility. According]y, the Air Force re—examined the numerically
;e impressive operational arsenal that it had so quickly assembled and
determined which missiles should be retained, :unproved or dlscarded.

¥ (UB-‘ What occurred between 1961 and 196 was mlrrored in the

growth of the strategic missile force and the changes in 1ts c-ompo— -

sition. In January 1962 Atlas was the only intercontmental ballistic
missile in serv:.ce, and at that time only 22 of ‘them were on day-to—
day (emergency war order) alert. Intermedlate rarige missiles ma.nned
by Allled crews--Thors in Britain and Juplters in Italy and Turhey——
could supply added strlkmg power. As tme passed however, the more

important part of the missile striking force, the ICBM's , underwent

~rapid growth and transfoma‘bion.l

(u)ﬂ Prihcipal components of the expanding ICBM force were the

ST T e, v

"Atlas and Titan séde,drons that became operationial between the summer

“
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squadron became operational are given below:

LR

of 1960 and the end of 1963. Missile characteristics and the date each

- Type Sguadron No. Control Total Protection Dale Opl
: . w Centers X Opl (psi)
Base No. Opl Launchers
. Launchers
B per "Control
i Center.
Atlas ’
H D 564 213 6 Soft Aug 60
Warren
. 565 313 9 Sof't Mar 61
b Warren
x 549 3%3 9 Soft Mar 61
: offutt
Atlas -
; E 567 1x9 9 25 Sep 61
i Fairchild '
& 548 1x9 9. 25 Oct 61
; Forbes
566 1X9 9 25 Nov 61
Warren
Atlas .
. F 550 X2 12 100 Sep 62
) Schilling .
D 551 2 12 100 Sep 62
[ Lincoln
o 577 1712 12 100 Oct 62
T Altus
il 578 132 12 100 Nov 62
i Dyess
| 579 1xX12 12 100 Nov 62
b Walker
Vi 580
: i (redesig~
! ‘ N nated
T 556) 12 12 - 100 Dec 62
[ Platis- :
B burgh
: Titan :
) I 2L . 333 9 150-200 Apr 62
Lowry :
725 3%3 9 150-200 May 62
Towry
: 850 333 9 150-200 Sep 62
; Ellsworth
851 333 9 150-200 Sep 62
Beale
£ 568 313 9 150-200 Sep 62
o Larson 4
4 ! 569 3%3 9 150-200 Aug 62
b Mountain :
i Home
. iI 570 1X9 9 . 300-350 Jun 63
’ . Davis-
' Monthan
# 373 1%9 9 300-350 Hov 63
p Little
i Rock
ki I 571 9 9 300-350° -~  Oct 63
:{ Davis- . :
S Monthan
! 533 1x9 9 300-350 Dec 63
e K McCommell ) . .
E 37h 1¥9 9 300-350 Dec 63
& Little
A Rock
A 532 X9 9 . 300-350 De¢ 63

MeConnell

Lty e
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(2/) MO In February 1963 the first Minutemsn wing, composed of three
squadrons, - Joined the operational ICEM force. By the end of June of the
following year, 12 squadrons were operational, each with 50 hardened
and dispersed launchers. The launchers were designed to withstand over-
pressures of 300 pounds per square inch, and'the launch control cénters,
one for every flight of 10 missiles, were judged capable of surviving
1,000 pounds per square inch.3

(u) @ Besides the operational launchérs throughout the nation, sites
at Vandenberg AFB, Calif., used for testing and training also were partA
of the ICEM force. Located there were three strategic hissile squédrans:
394th, Minuteman; 395th, Titan; and 576th, Atlas. Except for,the Atlas |
Dts of the 576th SMS,»which:were removed from operational status in May
1964, the squadrons'posséssed at least an emergency combat capability.
As of June 1964, reaction times for the Vandénbérg sites v&ried from 4 to
more than 50 hours. |

Of\Jﬂl* The arrival of Minuteman--more flexible, safer, and Jjudged more
reliable than Atlas or Titan I——eﬁabled the Air Force to begin discarding
thé least desirable of its ballistic missiles. .By the.end of June 1964
the interﬁediate range weapons were gone, Atlas D was.being retired, and
both Atlas E and Titan I’were oﬁ.the verge of fetirement. Pending the
completion of scheﬁuled retireﬁents and excludihg the Véndenberg squadrons,
the operational ICEM ferce on 30 Juhe 1964 numbered 821 miséiles} 18 Atlas,
D,rone six-missile squadfon having been retired; 27 Atlas E; 68 Atlas F;
four sites disabled by éccidents; 54 Titan I;—BAATitén II; and the 600 .

Minuteman missiles;B




Slow to react

-

because propellants had to be loaded carefully just prior to firing and
extremely vulnerable because they were positioned above ground, the IRBN's
became marginal weapons when the faster reacting, hardened, and dispersed

Minuteman and the mobile Polaris missiles began entering service. The ‘

United States at first intended to end its support of the British-manned
Thors in 1964, when the deployment agreement expired. Britain, however,
preferred an earlier phasq qut, and the missiles were ﬁithdrawn during the
spring and sumer of 1963. Withdrawal of the Jupiters from Italy and
Turkey took place during the spring of that year, little more than 12
months after the last of them had becomé operational.

(J)-#awmS The Air Force had rushed the intercontinental Atlas into
service.to fcrestall'the anticipafed missile gap. First to bé deployed |
weré the Aflas Dts, located initially on gantry—tyﬁe éads at Vandenberg
AFB, and subsequently in unpro»ected above—ground Meoffins™; thls series
relled on dispersion alone to survive attack. The Atlas E mlSSlleS were
protected by earth—covered coffins designed to withstand overpressures of
25 pounds per square inch. As was true of Atlas D, this missile had to e ‘

ralsed from.lts horizontal storage p081t10n and fueled before launching,

In contrast the Atlas F missiles stood atop elevators housed within ccmﬁrete
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and steel silos. These underground silos, covered by massive doors; were
designed to survive nuclear detonations generating overpressures of 100
pounds per square inch, permitting the post-attack launch of the‘missiles.'7
(J>.‘Il"Atlas D required e%iensive modifications, byt completion o#
these changes in April 1962 did not result in any marked increase in system
reliabiiity'which, as late as November of thét year, remained barely
satisfactory. 'While the D series limped along, Atlas E, scheduled for
some 250 modifications continued to suffer random failures of its guid-
ance system and Atlas F also disclosed numerous shortcomings.* &
@f>_ll. Besides the defects in each of the thfee series, Atlas suffered

from being powered by engines in which liquid oxygen was the oxidizer.

Since this substance could not be stored within the missile, each launch-

ing was preceded by a transfer of the liquid fram'storage tanks to the

missile, which was a delicate and hazardous task. The property that made

'liquid oxygen useful in propelling missiles was its ability, in combina-.

tion with kerosene, alcohol, or hydrazine, to sustain intense ccmbustion.
This very qﬁality, howevér, made the substance extremely dénée?ous,'énd.
a chaqge spark or “cambustién instability" in the engine could cause a
violent explosion. . |
(U) @B liquid fueled and, like Atlas F, mounted on an e;?vator within
an underground silo, Titan I shared the disadvantages éf using liquid

oxygen in the presence of combustibles., Titan IT differed radically from

- its near namesake in that it used storable prapellants+ and therefore did

#For a detailed disbussion of missile reliability, see Chapter II.

+The fuel was unsymmetrical dimethihydrazine (UDMH); the oxidizer, nitrogen
tetroxide.




not have to be fueled immediately before being launched. Thanks to this
feafure, the Titan II system had greater flexibility and was less vulner-
able than either Atlas or Titan I. For example, Titan II*s could be fired.
from within their silos. |
-(ﬁ)rilll Air Force experience with the cantankerous liquid oxygen systems
hardly inspired confidence in Atlas or Titan I,~and the'appearahce of
storable liquids and solid propellants was.a welcome change. As the im-
proved systems came into common use, an Adr Staff study groep, charged
with examining the general topic of missile reliability, in the spring of
1963 recommended that Atlas D, Atlas E, and Titan I be retired from service

at an early date. Although aware that these missiles did present a target-

' ing problem to an enemy, the group advocated abandoning Atlas D, scheduled

to serve until fiscal year 1967, as quickly as possible and, if the strategic

situation permitted, eliminating'Atlas E by the end of fiscal year 1967

and Titan I by the end of fiscal &ear 1968, SAC dissented only in that it :
wanted to retain Titan I into the 1970%'s; it was willing to be rid of Atlas
D and E as early as June 1965, provided the money saved was spent on
additional Mlnutemen. The Air Staff and Secretary of the Air'Force Eugene
M, Zuckert approved the group's recommendatlons, and the Air Force Chlef of
Staff Gen. Curtis E. IeMay, forwarded them to the Joint Chiefs of Staff
(JCS) for planning purposee.ll

(d) -CID Out of these recemmendatlons, whlch were subseqpently revised
follow1ng discussions w1th1n the JCS and Offlce of the Secretary of Defense

(OSD), came an initial program that called for retention of. Atlas D m13311es
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thfough fiscal year 1964, Atlas E through fiscal year 1966, and Titan I
through fiscal year 1967. In Ma.jr 1964, however, Secretary of Defense
Robért S, McNamara, in his tentative force guidance for fiscal year 1965,
decided to shelve both Atlas E and Titan I dﬁring. that fiscal year and
Atlas F during fiscal year 1968. The Air Force agreed that it would not
appeal this decision and' disappearancé of the liquid oxygen missiles
from the operatiénél inventory seemed imminent. Under the.McNamara pro-

gram, the Atlas and Titan I inventory would be reduced during fiscal year

1965 from a peak strength, excluding the Vandenberg units, of 177 missiles

to a mere 72 Atlas F, including four sites damaged by fire, and disappear

entirely during fiscal year 1968.

Minuteman Development and Deplovment

:The fii-st Minuteman flights--20 silo~based missiles located in
the ‘vicinity of Ma.]msti"om AFB, Mont,,--became operational in December

1962. These missiles were des:.gnated LGM—BOA or Minuteman 4.

s e b e -—-——-—-——’/ -

\ﬁgﬂ;:f‘ difficulties- caused by defective safety wires in the re-—entry‘

vehicles and troubles with equipment at the la,unch s:Lte, the w:mgfs 150
}ﬁnuteman A missgiles were :Ln place and operatlonal before the end of July

19637

(u)—_ Although orlglnally intended to be a spartan system,

Minuteman became a more sophlstlcated and costly weapon even as the flrst :

#Mintrteman I wings employ the L@4-304 and 30B missiles. Minuteman 171,

which has substantially greater range, uses the LGM—BOF. For the charac-
teristics of these mlssnfes, see page 17. , . :




wing becamé operational. The cause was a modification program adopted
because of a concern over the danger of inadvertent or uncontrolled launch
and of system inflexibility. After the Kernnedy administration took office
in January_l961, a commit%ee headed by James C, Fletcher, president of the
Space Eléctronics Corporation and a'member of thé President's Scientific -
Advisory Committee, reviewed the strategic missile programs, inclﬁding
Minuteman, and submitted its recommendations to the Director of Defense
Research ;nd Engineering.

(u),- Although the Air Force maintained that existing safety measﬁres
were adequate td‘bre&ent unauthorized launches, the Fletcher committee
recommended modifying the launch system to provide a more positive form
of control. VOSD agreed and in October 1961 the contractor set aboutimaking o
the necessary changes., The safety feature incorporated in the Minuteman
system was a continuous tone, generated in the launch control center that
prevented the 10 missiles controlled by the center frqm being léﬁnched.

Not until’the launch cpnfrol center stopped this tone could a missile be

~ enabled--that is, given the equivalent of a preparatory command--and then,

upon receipt of a valid launch signal, sent hurtling toward its prede-

15
termined target.-
0;)—ﬁiiiiib The Fletcher Commlttee also favored inereasing the flexlblllty
of the Minuteman.system, even though thls meant increasing system complex1ty.
According to the orlglnal Minuteman plan, all 50 missiles in a squadron were

to be launched, either in succession or in salvo, an arrangement that

‘reflected the concept of Minutgmén as a simple, réliable weapon of massive
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retaliation. In contrast, the.Fietcher committee nOW'recommended instelling
a selective launch mechaniam whereby some missiles within each flight could
be dispatched ageinst critical targets and others withheld for later strikes,
0SD again sgreed, andieelective Jaunch was added to the first four‘Minute-
man wings.:lf6

(1 WP Added along with selective launch was another innovation,
endorsed by the Fletcher commlttee, that would enable missile technicians
to shlft from one previously selected target to another, provided that
the second was within 10 degrees right or left of the primary azimuth.
Duai targeting also was approved by the Office of Secretary of“Defense
and became part of the system beginning with the eecond wing.l7

ﬁu>4ll' The ability to w1thhold and retarget individual missiles was,
of course, of little use unless the weapons and their launch control
centers were reasonably certaln to survive an enemy attack. Minuteman,
it early became apparent was not llkely to survive for long since its
emergency power sources, both at 1auncher and at launch control center,

were located above _ground, With the destructlon of these generators, the

system.reverted to storage batteries but these had a life of only six

'hours. To remedy this weakness, the Dlrectorate of Civil Englneerlng

recommended hardenlng the emergency power source for launch control
centers to 1, OOO pounds per square 1nch and the source for 1aunchers to
300 pounds, while the Air Force System Command?®s Ballistic Systems
DlVlSlon (BSD) advocated 300 and 25 pounds per square 1nch respectively,

for the generators. - On the recommendation of the De31gnated Systems

B R e o . ST T D T LT e e




— -

e

10
S

Management Group (DSMG), Secretary Zuckert on 17 November 1961 chose
the lesser hardening course as proposed by the Ballistic Systems
Division.

(U)-{l" Not all these dhanges affected each of the four ﬁings already
approved by the énd of 1961. Although the modified launch control system
was incérporated in the first wing, dual targeting did not appear until
the second, and protection for emergency generators was not increased
wntil Wing ITT.>7

(U)—@i Looking back upon the decisions that had so greatly increased
the flexibility and complexity of Minﬁteman, the Designated Systems
Management Group called attention to a "drastic and unpromulgated change
in national strategic military policy."™ According to DSMG interéretation,'
the plan supported by the Air Force to acquire iarge numbers of simple

weapons reflected a national strategy of massive retaliation, within which

Minuteman was an inflexible element designed solely to react quickly to

~ & Soviet attack., Systems other than Minuteman were to provide flexibility.

By late 1961, however, with Minuteman being modified to become a more

sophisticated system, a new strategy of selective response was adopted by

" the Kennedy administration. Under such a strategy, retaliation--instead

 of being instant and overwhelming--could be delayed and wouid depend upon

20
the nature of the attack upon the United States and its allies.
(u)_!gb Although the Air Force accepted revisions in the Minuteman system,

regardless of their strategic implications, SAC continued to advocate the’

deployment of a simple Minuteman inllarge numbers, Gen. Thomas S, Power, . .
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Commander-in-Chief of SAC (CINCSAC), urged that the Air Force defend its
earlier concept and try to keep the system as unsophisticated as possible,
using the monéy that might have been spent on innovations to buy still |
mox"e weapons. He added that he had opposed dugl targeting and selective
launch and complained that he had not been consulted on ‘the decision to
extend su.rviva.b:'Ll:‘Lt:y'.2

- While the Minuteman system was moving toward greater complexity,
the Air Force was.studying the possibility of extending the rénge of the
missiles destined to be deployed in the secopd wing., A succc—gssion of

advances in propulsion, guidance, and warhead development enabled the Air

Force to incorporate the improvements in Wing II missiles. \
. . . e o

poe
-~ . . 3 . . it SR o ) ,fl . b{‘b)
(,J) NP The second Minuteman wing combined the B missile and dual tar-

-geting with the "soft" emergency generé.torsi that were Eharac‘beristi‘c of

Wing I. Subsequent ‘wings; however, would boast extended survivability

‘as well as dual targeting and a longer-range missile, By the end of 1963

SAC had accéptedr,V besides the first wing at ‘Malmstrom AFB, the second wing
at Ellsworth AFB and was in the process of déclariz_xg operational a third
wing at Minot AFB, N.D. All construétien for Wing IV, based on Whlteman

A¥B, Mo., was complete, and facilities for Wing V at Warren AFB, Wyo.,

. LR
were 90 per cent finished.

w) g Although cpﬁstruction proceeded smo'éthly in comparison to
g t: S1o .

earlier missile sites, the Air Force did encounter various problems. For




example, the poor road net around Whiteman AFB would have retluired

12 "

extensive construction if the planned dispersal pattern were followed.
To keep costs down, the Air Force was forced to modify the original plan,
relocating launchers so that the silos could, insofar as possible, be
served by existing roads. At Warren AFB a hous.i_ng problem had to be -
solved before that base could ei‘fectively support the fifth "»s::'ung.al+ In
addition, Secretary Zuckert approved deepening by 10 feet the silos in
the i‘ifth’ wing. This change, which was to cost no more than $3 million,
would accommodate the new re-entry vehicle under development.

(u)—-‘ Other difficulties appeared after construction was completed.
The. alarm system locatgd at the unmanned silos pfoved errati;: s and tﬁe
resulting false a;amé kept secﬁrity detachments hurrying from their

.quarters to the wideiy dispersed launchers. By February 196i, however,

. this problem was being alleviated if not solved. Another difficulty was

the tendency of silo doors to jam under heavy accmnulatlons of snow a.nd
ice. To corréect this defec‘b the Air Force mcreased the power of the
mechanism that e.ctuated the door and installed a scraper to prevent ice
from sealing it shut. -Cost of the door modifications was placed at $8.3
million for five ‘w:irngs.

(u) - 'While the basicﬁ:'muteman system was thus evolving, work waé
started on an mproved system that would feature a more powerf‘ul missile,
as well as i‘ur'bher refmements An targetlng and launch equlpment. In
Novembe;' 1961, shortly before the first Minuteman A missiles bega.n entering
service, Secretary Zuckert approved, as the next objectijre in the Mipute—

man program, an increase of 2,000 nautical miles beyond the range of
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Minuteman B and a reduction of the CEP to .75 nautical miles. The desired

2
accuracy was later revised to a CEP of .5 nautical miles.

‘ This latest variant, together with its launch facility and other

‘related. equipment, formed the Mlnuteman I1 weapon system that would enter

service with Wing VI at Grand Forks, N.D. Minuteman IIAalso contained

features derived from the work of the Fletcher committee., The improved

version was capable, for exémple, of engaging any of eight preset targets,
whereas Minuteman I, as deployed in Wing I, was restricted to a 'single

target, ér, in Wings II through V, to either of two targets. Also, Wing

VI would be somewhat better protected than the earlier wings, since the

emergency generators at the launchers were designed to survive overpressures

of 300 pounds per square inch ana those at the launch cont;ol centers

29

1,000 pounds per square inch.
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(u> Wk To obtain full advanfage from the capacity of LGM-30F to store
eight targets, the Director of Defense Research and Engineering (DDR&E);
Dr. Harold Brown, in April 1962 expressed interest in developing a meaﬂs
of selecting among these targets by remote controi. Secretary Zuckert
initially recommended against such an4undertaking because of cost, com~
plexity, and the likelihood that, it would delay the entry of Minutdman-
IT into service, Subsequently, however, the Air Force agreed to adopt .
remote control selectlon,vmjh.the eight targets stored within LGM-30F being
chosen from any of the five launch control centers within a squadron.3

Oj)iﬂll “The quest for~increased flexibility continued, howeyer, and
Secretary of Defense McNamara in April 1963 requesﬁed that the Aif Force
study the possibilit& of "reprograﬁming Minuﬁemah based on indirect bomb
démage assessment,.™ The Air -Staff, however, found such indirect boﬁb
damage assessment 1mpract1cal on two counts: the dev1ce proposed to per-
form this function could do no. more than signal the arrlval of the re-entry
vehicle in the general area of the target; and both the receiving stations
needed to pick up its signals and the coﬁputers required to interpret them
would 5é.vulneraﬁle to enemy attack. The Air Force did support installation
of a so-called Wnissile-away reéordef" that reported‘missiles successfully
launched and the status of those that remained in. thelr 31105.3

@)‘ Two other changes through which OSD hoped to enhance system

flex1b111ty were the 1nsta11atlon of dev1ces to permit time-on-target flre-;
the launching of several mlssiles to detonate at precisely planned times on

'selected targets--and emergency launching of the missile by'an airborne launch
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control center (ALCC). The first of these modifications, approved during
1963 for eventual 1ncorporatlon in all wings, would permit the massing of
fires, for example, against a defended or partlcularly dangerous target to
increase the probability of penetratlon and destructlon. The second of

the changes, the ALCC, would provide a means to launch those missiles

“surviving an attack, even though the underground launch control centers
- had been disabled, As of June 1964, DDR&E was maintaining close coordi-

nation with the Air Force and, among other'things, was reviewing Air Force

management plans, design criterie, statement of work, and test plans.32
[u)—. Late in 1962 the Secretary of Defense aga:_n questloned the
effectiveness of the safeguards against accidental or unauthorized launch
of Minuteman missiles, -The use of a continuous tone to prevent launch
had one major disadvantage: if the launch control center were destroyed
or the tone otherwise interrupted, all 10 missiles served by the center
could be launched upon recelpt of the’ proper signal, Secretary McNamara

suggested that this poss1ble danger could be ellmlnated by requlrlng a

p031t1ve action at the control center, rather than interruption of a signal,

33

to permit launchlng.

()Y~ The Air Fbrce not only defended the adequacy of the ex1st1ng
launchlng controls but- p01nted out that the 1nterrupted tone had been
selected ™not upon the assumption that the m1851les, once enabled would
be fired w1thout competent orders but rather upon the b351s that the
enemy should not be tempted to concentrate on the command and control

systamJ‘BAJMchmara, however, did not accept this reasonlng. On 10
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August 1963 he directed the Air Force to begin study and preliminary -
developn}en‘b of further safeguards, using #5 million in OSD emergency
funds. o ’ |

(U)” Out of this and other studies came the propésed Improved Encoded
Launch Enéble System (IELES), one aspect of which was approved for Minute-
man. The néw feature, called the Launch Enable Executé System (LEES),
permitted the issuing of encoded commands to individual missiles. McNamara
included funds for LEES in the Wing VI allocation and indicated that in
the future he would release money to equip the earlier wings.36

(D‘. As the Minuteman II was thus taking shape, the Air Force began
having second thoughts about the system's abiiity to suf.vive attack, A
stu;ly prepared in late 1963 warned that %;he wing supp;art bases were the
most vulnerable element of the Minuteman system. Usually located at air-
fields tﬁat theméelvés were attractive targets, these bases were soft and
therefore unlikely to survive a nuclear strike. Should the supporting
facilities be destroyed, missile maintenance would be limited to that which
could- be performed within the squadron at the siles; and this, the sturiy
discloéed, wo\’zld be inadequate to sustain a lengthy alert. If 135 Wing II
miésiles were maintained under these circumstances, the study predicted
that after 15 days only 77 would be ready for immediate launéh, and after
30 das;s the number would drop to 23. As of June lééb,, ‘the consequences of
this study could not be pr_edic*bed.37 | . |

L) ‘
W@ In sumary, the changes approved by 0SD, mainly in the interest

of flexibility and the jmproveménts made in missiles and warheads resulted
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in the creation of two Minuteman systems, whose principal differences in

design were as follows:

Missile

Range -

CEP
Warhead MT

Launch
Facility

Hardness _

Launch
Control
Hardness

Launch

Cont;ol_'

Emergency
Generator

Hardness

Launch
Facility
Emergency
Generator

" 'Hardness

Survivability

Térgeting

B s

Minuteman I

Wing IT
LGM-30B
5500 nm

A O AT it . _—
s e

Wings ITI-V

LGM-30B

5500 nm

300 psi

1000 psi

soft

.soft

6 hrs

.dusl

300 psi

1000 psi

300 psi

25 psi

.9 weeks

dual

Minuteman II
Wing VI
LGM~-30F

6600-7500 nm

(The latter with a
lower yield war-

head.) ; .

300 psi

1000 psi

1,000 psi

300 psi

9 weeks

eight
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Termination of the Mobile Minuteman Program

(U>‘_ The two basic Minuteman systems described above became the
heart of the USAF strategic missile force. As noted, these weapons .
depended for survival on protected underground launch facilities that
were separated one from another to reduce the damags from a single nuclear
burst, The Air Force's initial plans, however, had also called for the
development oi‘ mebile Minuteman missiles launched from specially built
rallroad cars. Mobility was the essential attribute of this proposed
system, for it was believed that an aggressor would find it all but
impossible to knpck out enough of the missile trains 1:,0 prevent prompt
and devastating retaliation.

(u) m Obté.in:‘thg the necessary mob;ility,, however, was far from simple.
Weight I.vas a problem., The missile car, among the heaviest pieces of railroad
equi;;ment ever proposéd, would require solidly an.chored éidings for firing
positioﬁs. Another difficulty was communications. High frequency radio,
initially suggested for the_ command net, was rot reliable in ‘!;he mountainous
regions where it was propo;ied the missile trains would operate. Despite
'bhese obsta.cles, durlng 1959-1960 contractors succeeded In devising plans
for missile and launch control cars. A ‘

(‘-’)m While these des:Lgns were being worked ou'b the Kennedy adm:Ln—
istration early in 1961 reviewed the entire Minuteman program, Out of thls
review came a decision to hold the mobile program in abeyance while increasing
the number of hardenedhand dispersed missilés.’ The fate of the mobile version o

was not yet de01ded when flscal year 1962 began.38 Although the ‘President

d:Ld not comm:;.t himself to the program, Secretary McNamara, following a BSD"
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briefing held in the fall of 1961, left the iméression that he favored
beginning production, McNamara did not, however, indicate any need for
haste in deploying the mobile missiles.>?

(b)-‘l" The Designated Systems Management Group concluded that, since
the Defense Secretary attached no overwhelming urgency to the program,
an impréved mobilg Minuteman could be devised iﬁ time to enter service
in June 1964. .The refined version would have a circular error probable
of 1 to 1.4 nautical miles, be capable of storage on trains for as long
as three months, and possess a range of 5,500 nautical miles. Secretary
Zuckert directed that a proposal for a 300-missile force be sent to the
Office of Secretary of Defense, but he indicated that the Air Force might
settle for one-third that num.ber.hO h

(Uq4lll While the Air Force was preparing its arguments in support of
mobile Minuteman, funds to susfain the program began rumning out. Research
and development, being conducted at the rate of $5 million per month, was
scheduled to end before l January 1962 unless addltlonal funds were provided.
The Air Force assumed that ‘the program would survive, at least on a sus-
taining basis, butAthis assumption proved erroneous. On 1k December 1961
Deputy Secretary of Defense Roswell L. Gilpatric annouﬁced cancellation
of mobile Minuteman.hl "

(U) The program pefiéhed"because tﬁé Secrétan& of Defense judged
that the beneflts from the neW'system were not worth the cost of develop-
ment and deployment, The proposed railﬁmobile system, according to
Secretary McNamara, faced an extensive pericd of research and development

that would 1nflate ‘the cost per m1331le, for a force of freasonable size,™

B R ron ot R DR f s
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to Mseveral times the cost of the fixed base version," McNamara also
noted that missile trains, if successfully developed and deployed, would
be "susceptible to sabotage” and subject to many difficult operatlonal
problems, such as"protection from fallout, safety ‘ete. M. k2

6_{)" Unconvinced by this reasoning, General Power con‘binuedv to urge
the adoptwlon of mobile Minuteman. On 28 Februai'y 1962 he recommended
reinstatement of the "virtually untargetablen mobile system in order to
provide a "hedge aga:_nst any Soviet improvement or breakthrough in ballis-
tic missile accuracy and ASW [antlsubmarme warfare/ capability® that
mlght Jeopardize both the hardened and dispersed Minuteman sites and
Polaris submarines. He maintained that the mobile system, once deployed
would constltute a better protected and less costly reserve striking force
than Polaris., General LeMay, to whom Power had addressed his appeal,
replled by stating his support of the Air Force pos::.tlon that fixed-base
Minuteman should have priority, even te the extent of deferring work on
the mobile ve:r-s:!.oi'l.l+3 |

('U)ﬂ Despite the Chlef of Staffts support of the hardened and dlspersed
Minuteman, General Power in April proposed reviving the other version,
citing in his support a statement by Gen. Bernard A, Schrlever of the Alr
Force Systems Command that moblle Minuteman could become as accurate as
the f.u:ed-ba,se weapon. General LeMay assured Power that Secretary McNamara '
was aware of Schriever's opinic;n. Moblle Mlnu‘beman, he con't:mued had been
discontinued because the advanced status of Polaris and hardened Minuteman,

together with the favorable estlmates of their survlvabllrby, had influenced -

~ the Secretary against contmu:mg development of the mobile version. Accuracy
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(u}“Again in November 1963 General Power recommended reinstatement

g of the mobile program, this time because of the threat to missile sites
%& from the Soviet Unionts "dramatic capability in earth-based weapons and
i 45

{ high payload space potential with obvious military intent.m A subse-

quent study by the Air Staff's Directorate of Plans concluded, however,
that under existing conditions mobile Minuteman would add little to the

: : 6
ability of American strategic weaporis to survive at.*l;a.ck.l‘L Reinstatement

T S g et e T @;‘m“‘ Lt
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‘of the program seemed highly unlikely, at least in the immediate future.

Minuteman Force Objectives and National Strategy

(d}-“ In May 1963 Secretary McNamara, in discussing tﬁe procurement
of Minuteman Z.[Ir, noted that it provided greater destructive power fhan
"the larger_fofce -of unimproved Minutemen that could be bought for the
same cost." This greater capacity for destruction, Mcﬁama.ra maintained,
was due in large part to Minuteman II's greater targeting flexibility.
He said further that this feature could improve force effectiveness if
the improved Minuteman squadrons were located in Minu‘beman I wings and
used to engage those targets that might have escaped destruction by the
older missiles., He warned the Air Force that he would not consider furtherA
increases in the total Minuteman i‘orce until he was sure the service was

47

making the best use of the weapons already available,

‘ (v Consistent with this policy of using existing resources to the
fullest was the 0SD plaﬁ to place Minuteman II missiles in siles built

for earlier ﬁ_lodels{ Even though LGM-304, the.missile uniqile to Wing I,
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was scheduled for retirement, the plan would perpetuate duplication
within the overall program, since for a time there would be the inte-
gral Minuteman I (using LGM-30B), Minwteman IT (using LGM-30F), and a
hybrid--called ﬁodemized Minuteman-~that combined the IGM-30F missile
and other features of Minuteman IT with modified launch facilities
originally designed for LGI*&"—BOAB.A8 |

(U){I"4Such diséarity did not appeal to General Power, who suggested
relying exclu31vely on modernized Minuteman instead of having 1n effect
'bm kinds of Minuteman IT. Both the Air Force Council and the Air Staff
Board recommended against this suggestion on the grounds that, since the
total number of missiles probably would remain the same for several years,
it was imperative that thé Air Force build the striking force that prom-
ised the greater effect;veness, efficiency, and flexibility. Lecating
Minuteman IT Squadrons in modémized‘ wings was judged the bes‘t., way to
attain these charaéteris'éics for the entiré Minﬁteman force,

( d}m As noted earlier, the Air Force at the outset had considered

Minuteman a ‘weapon capable of instant retaliation and for that reason

had sought a large force., In July 1961 the Air Force had obtained approval

for four wings, a total of 600 missiles, and was seeking authorization for

a.nother wing of s:Llo-based m1s31les and a wmg of mdbile wegpens, These

additions would have ralsed the number of Minutemen ito 900, but the mob:Lle

50

1962, was 1,950 missiles, a force intended to be 90 p-er}‘c':ent effective in

L4

ki

The Air Force's ultimate goal, estiblished in July

. system was cancelled, reducing the immediate objective to 800 hardened and -




damaging unprotected targets and 65per cent effective against hardened
51
‘missile sites,
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sisted of only 950 missiles——800 Minuteman Its and 150 Minuteman IIt's.

2
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Still hoping for a larger force, the Air Force~—reduc1ng its total goal

1
O
AR T

l (UGFIIQ‘ However, the OSD program as approved in the spring of 1963 con~-
]

somewhat—-asked 05D to support a 1,400 Minuteman program: it requested

300 edditional Minuteman II's in fiscal year 1967 and another 150 in fiscal

S,
R

year 1968. Secretary of Defense McNamara, in contrast, outlined a force

T

of 1,200 m13511es- 800 Mlnuteman I*s and 400 Minuteman II's. This smaller

GRS A A

force, moreover, would grow less rapidly, 50 missiles being added in

fiscal year 1967, 100 in fiscal year 1968, and 100 in fiscal year 1969.

The Air Force countered by proposing that attainment of its 1968 goal--
1,400 missiles-~be postponed until fiscal year 1969 so that fewer weapons
would be purchased each year. The counterproposal was not accepted; in
November l963,_MbNamara issued planning gqidanee basedron his own_force#
objective;5?. : .’ & _
;{}{llﬂl Secretary Zuckeri promptly asked McNamara to reconsider this
decision, which limited the fiscal year 1967 Minuteman forece to l OOO
m15811es, 100 fewer than the Air Force had requested in its revised sub-

mission., His request was rejected. The Secretary of Defense replied that

he could see no great difference between 1,000 and 1,100 m1351les, since -

i in elther case the Mlnuteman force would ‘be able to destroy about the same
. : percentage of the total number of strategic nuclear targets. The true

effectiveness of the force, he continued, would depend not on numbers alone
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of Minuteman II squadrons in Minutemén I wings and from the modernization
of the Minuteman I system.s3 |

( u.) NEEEWSWOM~ Within a year of this exchange of views with Zuckert,
McNamara imposed a new ceiling of 1,000 missiles on fhe Minuteman program,
a limitation that tentatively applied through fiscal year 1973. This
decision caused further debate among civilian and military leaders within

the defense establishment, Opposing views were expréssed by Secretary

" McNamara, whose May 196k guidance called for 1,000 missiles, and General

Leliay, who advocated increasing the total from 1,000 to 1,250 during fiscal
year 1968 and stabiliiing the force at 1,500 from fiscal year 1969 through
fiscal year 1973. The ﬁiddle ground was occupied by the Chief of Naval
Operations, Army Chief of Staff, and Commandant of the Marine Corps, who
as members\of the JCS had agreed that 1,100 Minutemen should be operational |
in fiscal year 1968, with the number increasing to 1,200 the following
fiséal Year and remaining at that level thfough 1973. - Whatever their dif-
ferences concerning force ievels, all favored the orderly moderhization of
Minuteman I and the introduction of Minuteman II.I)’4

(ﬂ)iﬁlﬁr.lh explaining his conviction that 1,000 Minutemen were force
enough, Secretary McNamara listed two requireﬁents that determined reiali—
atery ;trength.. These were %assured destruction capébility" and "damage

limiting" forces. The former involved the capacity to destroy the enemy's

centers of govérnment and a large percentage of his population after

absorbing a .well planned and skilfully executed surprise attack. "Damage
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“the time favored maintaining this option.

limiting" forces, in McNamara's view, constituted the additional
strength that would be justified for attacks on counterforce targets,
assuming that such strikes could actually reduce the damage done to. the

United States to an extent that would justify the added cost of main-

taining this strength. A thousand Minutemen, the Secretary maintained,

could provide adequate assured destruction; the need for additional
damage limiting forces and their proper strength was under study.55

“(U) To the Air Force, the progressive reduction of McNamafa's
force objéctives were proof that the counterforce strategy, championed
by the Air Force and adopted‘by‘the Kennedy administration, was headed
into discard. Early in 1963, Secretary McNamara had endorsed the counter—
force idea, testifying before a Senate committee that the United S%ates
required Man ability to (1) strike back decisively at the entire Soviet
target system simultaneously, or (2) strike back first at the Soviet
bomber bases,‘missile sites, and other military installgtions associated
with their long-rahge nuclear forces to reduce the power of any follow-
on attack and then,.if neceésary,Astrike back at- the Soviet urban and
industrial complex in a controlled and decisive way.!" This was the
essence of the Air Force!s counterforce doctrine. Air Force planners
believed that-such a strategy would, és McNamara éaid, givelthe Soviet
Union an altermative to attacking American cities. '"Whether they would
éécepﬁ it in the crisis of a global war," cautioned the Secretary,."no

6ne can say.” But in spite of this uncertainty, the administration at

56
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()-89 Tater in 1963, Gen. Maxwell D. Taylor, Chairman of the JoS,
warned that as the Soviet Union increased the protection of its land-baseq
missiles and deployed additional missile-carrying submarlnes, the vulner-
ablllty of 1ts strategic forces would diminish until counterforce targetlng
became impossible. General Taylor therefore directed the Joint staff to
"determlne the condltlon when counterforce targeting will cease to be
remunerative, " General.LeMay, however, objected that these instrgctions
were, in themselves, an unwarranted Judgment on the future of counterforce
plamning. 4s a result the Taylor dlrectlve was toned down until the Air
Force could accept it as the starting point for an impartial 1nvest1gatlon.57

(U) In February 196k, while the study of future counterforce targeting
was still underway, Secretary McNamara told a Senate Approprlatlons Subcom-
mittee that, although a strategy aimed exc1u51vely at the destructlon of
cities would be "dangerously inadequate," the United States, even though
1t struck flrst, could not "eount with any assurance on destroying all or
almost all of the Sov1et Union's hardened missile 81tes even if we were to
double or trlple our forces." The solution, he continued, was the damage~
llmltlng strategy, which would require mcre m13311es than a cities-only
strike force but fewer than one capable of striking first and destroying

all the enemy's strateglc forces. | |

(U) In spite of differences of opinion as to the exact size of a

damage~limiting force, there was, McNamara reported, "generel agreement

that it should be large enough to insdre the ~destruction, singly or in
comblnatlon, of the Sovzet Union, Communlst China, and the Communist satel-

lites, as national societies, under the worst possible circumstances of war
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outbreak that can reasonably be postulated, and, in addition, to destroy
their war-making capability so as to limit; to the extent practicable,
damage to this country and our alliﬁsa”58
@i}{ll'r The Air Force, with General IeMzy as its principal sp@kgsman;

continued te urge that the prime sbjective of American stretegic retali-
atory foxaes remain %hé enemy's military forces and not his so-called
national society.¥ To this end, the general advosated maintainiﬁé &
limited first-strike capability that would Ydegrade substantially;“
though not ﬁecessarily destroy, the enemyts ability to inflict damage
on the United States and its allies, a "degradation® that would resuld
from gttacks on purely military targeis. He admitbed tﬁat attacks on
population centers might become necessary, but even so, the main strate-
gic objective would remsin the destruction of military targets.5

(U) In LeMay's view the objective was not meré killing, and for

this rezson he was wary of basing force objectives on a desired per=-

centage of enemy war-meking potential destroyed or on a percentage of"

the enemy,populace wiped out--two common methods of ﬁeaéuring damage to
a national society, Qur problem,” he told a House subcommittee, ™is not
one of killing our oppcnehfso Our problém is to keep our oppppents'frcm

killing Americans gnd our allies,™ Kiiling the enemy, he deélared, was

simpler and required ¥"a lot less missiles than if we are trying to pro-

tect c>1,u'se.'l_v<=,s."‘‘60 ' ' o ' ' :vw

(U) The fate of the counterforce straﬁegy was at this time uncertain.
Alﬁhough Secretary McNamara seemed unwilling to rely exciﬁsively on a

small, “cities—énly" retaliatory force, he appeared uncertain whether a
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larger force could justify its cost by actually limiting damage to the
oo United States and its allies. His eventual decision would be shaped to

some extent by the studies of counterforce targeting that had been set in

motion by General Taylor.

Costs of the Operational Missile Force

; ) ‘(U) Costs of the ballistic missile systems as a general rule far

exceeded initial estimates. One reason for this cost inflation was the

: concurrency concept by which the Air Force accelerated its efforts to

g o : - get its weapons in place as quickly as possible., The concurrency approach,

i adopted in light of estimates of growing Russian missile strength, called

25: %1 for the speedy develépment of the missiles, the construction of launch

L : sites, and training of launch crews, all within a very narrow and over-
lapping time frame. '

(b}4lt _Howsver, almost simultaneous with the hurried deployment of fhe

a2 ) ¢ e o e, o

o : _ liquid fueled ICBM'S, the Air Force found the missile.systems required

extensive post~development modifications—-and more ﬁonéy—-to improve their

[ S e Y g

reliability, Similarly, site construction costs also rose beyond original

estimates when changes were introduced into the program to provide surviva-
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 bility through dispersal éﬁd'hardéning. In the autumn of 1961, for example,
| the Director of Civil Englneerlng advised Secretary Zuckert that Atlas

; ! constructlon costs had exceeded the original budget by about $125 mllllon,

? - | : Titan I by $80 million, and Titan II by $66 million. In the case of Atlas, .

the increase stemmed from a major change in the character of the program:. a

shift from nine squadrons, five of them hardened to 25 pounds per square
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inch, to 13 squadrons (12 operational and one training and test, though
with an operational capability), with six squadrons built to withstand
pressures of 100 pounds per square inch. The mounting cost of Titan II

could be attributed to increased hardness, but the Director of Civil

_ Engineering could see "no good reason" for the rising cost of Titan I,

except that the system had "really been plagued by changes.”™ 61

CJ){Eﬁ‘ At the time this report was being made, total obligating
authority for the fiscal year 1962 Atlas program was $644.8 million,
down $246.2 million from the previous year, while the 1962 Titan pro-
gram amounted to $903.9 million, in contrast to fiscal year 1961's
$1179.5 million.62 Since site construction and procurement Of initial
equipmenf were nearing completion, further reductions in the annual pro-
grams were bound to occur. Atlas declined to $456.4 million for fiscal
year 1963 énd'$239 million for fiscal year 1964, while Titan dropped to

» ) 6
$872.9 million for 1963 and $368.7 for the following fiscal year. 3

. (u)4&ﬁr Secretary McNamarats decision in May 1964 to hasten the retire-

ment of all liguid oxygeh missiles meant a further slash in Atlas and
Titan spending. The early phase out of Atlas E and F and Titan I
prémised'a "eost avoidance! of some $144 million.éh As a result total
Atlas obligating authority for fiséél‘year 1965 was fixedlat $97.1 |
million.65 Similarly; approval for the eariy retirement of_Titan I
brought a reduction in Titan obligating authority from $147.5 million‘
and $100.3 million, the amounts originéiiy approved for fiscai'years

6
1965 and 1966, to $127.2 million and §73.8 million.’
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[LI)“ Like Atlas and Titan, Minuteman I was the object of ﬁwdifi—
cations that increased §ystem costs. In the case of Minuteman I, these
were due for the most part to a shift in strategic thlnklng from massive
retaliation to selective response, a ¢hange ‘that led to the adoptlon of

expensive measures to improve flexibility and provide greater protection

against both the effects of hostile attack and the possibility of unau-

thorized launching. Rising éosts were not, however, due exclusively to
decisions by OSD. Within the Air Staff, the Acting'Director of Plans
admitted that "inadéquate Air Force cost estimating procedureé":were
"partially responsiblé" for the gap between estimate and expenditure'.6

(B)4§iﬁi Modifications, together with inaccurate estimates, soon erased

- anticipated savings of $122.5 million for fiscal years 1963 and 1964. By

November 1962 the Air Force realized'that projected Minuteman I costs

: ' 68
would exceed programmed funds by $416.4 millien.

, (d)—ﬂ!ﬂr The Air Force immediately turned its attention to elﬁninéting
thié deficit, and in February 1963-Secretary Zuckert reported that the
projected def1c1t had been reduced below $275 million "through adJust-~
ments made in the FY 63 and 64 programmed fundlng n 69 This reduction

was due in'part ‘to the diversion of funds made available because of can-~

celaﬁions and deferrals. The recently canceled Skybolt for example, was

counted upon to furnish %36 I3 mllllon, while postponement of fundlng

" Mk~12 re—entry,vehicle research could make $5.1 million available.during

the current fiscal year.7o The Seéretéry of the Air Force in Apfil and

May 1963 sent McNamara a list of reccmmended reprogrammings that would

R
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make good the remaining deficit, $92.8 million for fiscal year 1963 and
$27.4 million for the following year. After obtaining Air Force assur-

ance that Minuteman force objectives had not been imperiled, Secretary

. McNamara approved the recommendations.

(L)@ Arter fiscal year 1963, during which the authorized progran
amounted teo $1879.3 million, Minuteman total obligating authority began
a year—by—year decline.72 Site constructlon rapldly approached comple—
tion, the A m1351les were deployed and deployment of the B model was
well under way. The advent of the F m1331le--part of the Minuteman 1T
system—-and the dec131on to 1ncorporate 1t in a modernlzed Minuteman
system campelled the Air Force to modlfy the sites at whlch it would be
based and thls task prolonged Mlnuteman costs. In the summer of l96h
05D and the Bureau of the Budget 1nd1cated that %90 8 million would be
made avallable to begin these modlflcatlons, whlch were scheduled for
completion in 1970.73 | |

.60)4'§’ Ohce all of Atlas and Titan had oeen deployed and most of the

Minutemen T weré in place, the Air Force trled to compare ‘the costs of

‘1nd1v1dual operatlonal mlSSlleS of these various types. Taken into

_ aocount in the Air Force computatlon‘were:'maaor equipmeﬁt'add initial

spares; associated ground equipment and initial spares; other equipment -
and relatéd’costs; installation and checkout; and site acquisition and

construction.” According to this formula, the cost per missile of opera~-

‘ tional"Mﬁnutemeﬁ'ﬁas‘$5.0 million, Titan.(both types) $26.5 million,

Atlas D $18.5 million, Atlas E $15.3 million, and Atlas F $17.5 million. *
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(d\ m Research and development now focused on Mmuteman II. Its
research, development, test, and evaluation costs, as estimated in Septem-
ber 1962, would amount to $4,91.1 million from fiscal 1963 through fiscal
1968. By the end of January 1964, however, the estimated RDT&E costs had
reached $854.7 million and the program been extended into fiscal year
1969. Among the factors that contributed to this increase were added
hardness for both launch control centers and launchers, transfer of Mk-1lA
and Mk-12 re-entry vehicle development te the Minuteman program,% and
addition of the Launch Fnable Execute System.75

(d]‘QUD' The increase in RDT&E costs was typical of the Minuteman 11
undertaking; total obligating authority was increasing, year by year.

The fiscal year 196k program, which exceeded the previous year's author-
ization by about $600 millien, amounted to $762.8 million, and the figure
for fiscal year 1965 was $1320.9 m:Lll:Lon.76 _ 4

(J)iﬁﬁiﬂﬁ@i Whatever its current or potentlal value, Minuteman II inevi-
tably would become” obsolete, and the Air Force already was looking ahead
to thaf eventuality. During the summer of 1963 OSD authorlzed $8 million,
of which $6.65 million was: released to the Air Force, for studles that
would serve as the ba31s‘for the development of an advanced interconti-
'nenéal'ballistic missile. The early studies proved inconclusive and,
~ though the Air Force desired an advanced ICBM (later designated the
Improved Capabiiity Missile), it was not yet decided whether this would

' ' 77

be an entirely new gystem or a further improvement of Mintteman.

#See Chapter III.
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IT. MISSILE RELIABILITY

(U) One of the most serious préblems to confront the Air Force was :
missile reliability. To what extent could the new intercontinental
missiles, developed in the briefest possible time and with a minimum of
testing, be depended upon to fire as prograﬁmed, leave the launching !
pad, and reach the target? What planning factors should be used for ) o
missile reliability in the preparation of war plans? Answering these

closely related questions promised to be‘difficult and time-consuming.

The Reliability Problem

(LC}(I?- The low reliability'of the first operational missiles quickly
became apparent, but'there was no ready solution to a conditioﬁ that
stemmed in large measure from the missile design itself., The Atlas
system, for'example, contéined scme 40,000 ideﬁtifiable-parts, many of
them components of delicate electronic subsystems. The complexity of
the sjstém imposed a itaggering burden on mainﬁeﬁance men and operational
crewé. bifficulfy of maintenance, plus the caution necessary in fueling
the’ missile before firing, prevented Atlas and Tltan I from attaining - .
the 15-minute reaction time required by SAC. ,In contrast, somewhat
modified, the same missiles proved suitable as bqosters'for léunchihg
Safellites, a role in which fast reaction was not a prime consideration

and technicians had many hours to carefully check and recheck the numer-

ous valves, fittings ‘and. sw1tches.l
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CU)-”' But there were other reasons for the poor reliébility oi‘ the
early missiles. As noted earlier, because of the critical need for opera-
tionél intercontinental ballistic missiles, the Aip Force had resorted to
the teéhnique of concurrency to comprese the time frem drawing board to
launching pad by Beginning each phase of the bProgram as quickly as possible,
wifh one phase overlappjgxg an earlier one that was 8till in progress. In
this way, accéz;dﬁng to Air Force plans s the operational missiles, sites,
ground équipment, skilled maintenance men, and trained crews all-would be

ready at the same t:izﬁe. Although this practice did. save time, it also

" increased costs, often resulted in unrealistic training, and turned out

weapon systems that, though theoretically operational, still might require
extensive alteratipn and refinement, The Strategic Air Command thus found
i’os'elf involved in extensive training, testing, and medification programs
while at the same time frying to Reep as many missiles as possible on

(ﬂm Given a comparatively simple weapon, such as Minuteman,
deficiencies that had gone undetected through the accelerated development
cyele, could be quickly corrected and, as experience was gained, the

missile could attain g éatisi‘actory reliability, With the complex Atlas,

. however, correcting these flaws and improving reliability were infinii;ely.

ore difficult, This was evidenced by Golden Ram, a post—develop_ment Air

Force effort to incorporate'al_l‘_the changes neceséary fo make Atlas D g
reasonably reliable éys_tem. This Project combined tests of the integrated

subsyst_ems with full-fledged operatisnal tests in order to evaluate not

only the missile and its related equipment, but the crews that operated it, - -




and the various procedures adopted for its operational use. Had the pace
of development been less frenzied, system evaluation could have been com~—
pleted and the necessary modifications made befere the missile‘became
operational. As it was, Golden Ram disclosed hundreds of shortcomings
in the weapon system itself and in the maintenance procedures that. were
being followed.B
(Dikﬁllt This experience with Atlas ﬁ was sobering to all concerned.
~In December 1961, after eyeing the lengthening list of problems-associ;
ated with Titan I, General Powér warned that the Air Foree could not
Hafford to repeat the 4tlas D route of prolonged multiple failures and
- difficulties.® The Air Force could not, he told GeneraIVSchriever,
Commander of the Air Force Systems Cormmand, “stand another Golden Ram wk
(D)—.ﬁf‘ﬁlihcugh there was no exsct repetition of Golden Ram after
sach missile‘syStem entered service, the Air Force did.cqnﬁinue to
encounter problems that had escaped &etectlon durlng research and
develcpmentg The accepted method of dealing with these was a snec1al
modzflcatlon program (called "update“) which mlght be simple or complen
depending on the difficulties encountered. Update became a routine
aspect of the miséile program, althoﬁgh the Air Force on occasion had
to éccelerate'the modification schédule and engage.in so-called "pre-

update.”

(z/)-n— By August 1962 for emmple, SAC was having unexpected dlfflcul'by
keeping Atlas F on alert, This sysﬁem, in fact was prov1ng less reliable

‘than Titan I, which had so worried General Power, or either Atlas D or E.

. Rather than postpone modification mtil the update scheduled for Septémﬁer
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1963, SAC and the Air Force Systems Command combed the list of proposed
changes compiled as a result of previous testing and selected for immed-
iate modification 54 items that affected either safety or éystem
reliability. These became thé subject of Clean Sweep, a pre—ubdate
proéram; Interrupted by the Cuban crisis of Octobér through December
1962, Clean Sw9ep succeeded in correcting many of the mechanical short-
comings that had plagued Atlas F.5

(1)} TIn spite of Clean Sweep, Atlas F crews continued to find
evidence of corrosion and to experience trouble with the air conditioning
system that coolgd thevguidance and flight conirol compangnts. Routine
update, which began early in 1964, attacked these problems but a year had
elapsed since the system was declared operational and it still continued
to be plagued by hardware déi‘iciencies.6 Nor were all of Atias3F?$

troubles confined to missile components. During construction of launch

complexes, cracks appeared in the 32 steel rods, each five inches in diam-

-eter and 20 feel long, thatl supported the elevator and other equipment

inside the silo, and these supports had to be removed and further tempered.
CQ}{S“ The principal defect that affected Titan I'reliability was a

tendency toward engine contamination. During 1962 inspectors found bits

of metal and fiber in eight gngines. Alterations to protect the‘missiles

against future contaminati§n~coincided with routine system improvement

work that lasted from autumn:l963 until spring of the following yeér.

‘ (dj‘ﬁﬂﬁ':A unique Titan I problem arose at a coﬁplex near Larseﬁ AFB,

Wash., which was lecated not far from an extensively irrigated farming

region. JIrrigation in the area kept the water level near the surface and
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soon éfter'ebmpletion the Titan silos began leaking.. When efforts to
pbump out the water proved futile, engineers attempted to seal the holes
through which the water wae—entering. Although these repairs- failed to
prevent . all the seepage, they reduced the flow of water sufficiently so
that the floeding could be controlled and the affected silos were thus
kept in operation.gl | |
(u)ﬁ Titan IT research and development had been slowed by uncer-
tainties in engine performance, but the most serious obstacle to
reliability did not appear until after the weapons were in place in
their silos, Iiny leaks appeared in the fuelrtanks until, &uring the
autumn of 1963, all but three Tltan II's had to be taken off alert for
emergency repairs. Source of the problem turned out to be nltrlc acid—-
formed by the action of the silo's humid étmosphere on the hydrogen
tetroxide used as oxidizer--which caused corrosion and eventual leaklng.
So serious was the problem that the Air Foree dlrected the installation, .
prior to the scheduled update, of dehumldlflers 1n51de ‘the 31105.10
(%>4l§- Minuteman also encountered difficulties but these were not
nearly 85 severe as those that plagued Atlas ‘and Titan I. The first two
flights from Vandenberg -AFB were only partially euceessful. Irvestigation
disclosed that the guidance. computer had faiied as a result of the passage
--of electrical current between the re—entfy vehiele and the guidance
sysfem.%l Mélfunctions also occurred in the engine nozzles. A short

circuit in ground equipment at Malmstrom AFB caused a first stage nozzle

control unit to overheat and explode within the 3110, and ﬁests of Wing

II m13811es reswlted in rede31gn of the third stage nozzle in order to
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: 12
lower pressures inside the engine, Despite these difficulties, which
were more than offset by ease of maintenance and operational support,
Minuteman seon would attain far higher reliability and a much better in-

commission rate than the liquid oxygen systems.

Crew Training and Inspectlons

(u) ..’ Intended 'bo correct defects in missiles, launching sites, and
related equlpment the updatmg program was but one phase of the inten-
sive Air Force effort to achleve system rellablllty. Besides remedying
mecha.nlcal defects within the systéem, the Air Force had to ensure that
missile crews were adequately trained. Tra:m:ﬁ_ng, however, was handi-
capped by an unavoidable lack of real:_sm. Because of the cost of each
mlssa.le, most training had to be halted short of launch:_ng. Thus, the

program inevitably focused on s:mulated launchings of various sorts and

i

_ on enforcing maintenance’ practices designed to insure that the missiles

would be ready if a lasunch orde;:' were received.

(u) ,.' While the Air Tralnlng Command prov:Lded individual tramlng,
SAC assumed responsn,blllty for operational readiness trama_ng, which
served to produce comba,t—ready erews. Conducted for the most part at
Vandenberg AFB, operatlonal readiness training progressed i‘rom speclal—
ized md1v1dual traming to :integrated system 'braining as personnel moved
from classroom to missile site. Once a crew had completed thisfra.ining
and be-en deciared combat-ready, it received two additidnal types of
instruction. One, recurrlng training, was scheduled An s:tx—month seg—-

ments and covered subgects crltlca.l to i‘udflllment of the unitts mission.

UHCLASSIEIED
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The other, corrective training, was administered as needed to cure ail-
ments that anpeared.during periodic inspections.l3

.(Q)Jigf'lnitially, after the liquid fueled missiles became operational,
no uﬁscheduled operational readinesé inspectionS)were held beéause crews
were not sufficiently familiar with the new weapons and SAC was reluctant
to remove more than a few missiles at a time from alert. To replace
these 1nspect10ns, General Power approved a system of M"shakedowns® pro-
posed by Lt, Gen. John E. Ryan, USAF Inspector General., Iimited to one
missile per équadfon at any one time, a shakedown called for two conSec;
utive sucpessfﬁl countdowns of propellant loadings, along with completion
of the checks necessary to determine that all subsystems were in working

order. Ultimate purpose of the exercises was to identify the minimum @

e,

actions necessary to maintain‘launch reliability, However, in attaining
this objective the system of shakedowns produced neﬁ'evidence that liquid
onygen systems had an inherently low countdown reliability, The follow-
on: operatlonal readiness tests further substantiated thls conclu31on.lk

&7

(q}{l’r Purpose of the operational readiness *nspectlons wag to dnternmne
wartime effectiveness under_realistic operational conditions but without
actually launching the weapon. Thus, for Atlas and Tltan I, the heart
of the 1nspectlon was the propellant loadlng exercise, while for crews
of Titan IT and Minuteman——beth of which had storable fuel--the 1nspec-
tion involved performance of checks necessary to verify readiness tc
vlaunch. L1qu1d oxygen m1331le inspections conducted after the CLban

crisis were. extremely dlsapp01ﬁt1ng, all those made durlng January 1963

1
proved unsatlsfactory. 5
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Ca)@l} This intolerable situation convinced General LeMay that "an
accelerated maintenance inséection brogram, including hardware exercises
for both the Atlas and Titan syétems, 18 necessary to determine the
actual countdown reliability and to establish the proper interval for
future exercisés." He recognized that such a program would result in

Mapproximately half of our 76 Atlas and Titan I missiles off normal
alert for the first 30 days with a rapid increase in capability during
the remainder of the exercise.® Tn the event of international crisis,
General LeMay assured the Chairman, JCS, the inspection program could be

- suspended and the missiles reburned te alert.lé

ﬁ{}iﬂiﬂlﬁl Long Reach,. the accelerated inspection program proposed by
the Chief of Staff, was cohducted from February through June 1963. By

THTE plnp01nt1ng needed modlficatlcns and improving maintenance procedures,

it contrlbu ted to a slight imprevement in the results of operational

’ =ﬁ-’a- : readlness 1nspectlons, Whereas only two of the eight units inspected

during the first half of 1963 received satlsfaCuc:y ratlngs, thres of
eight were Judged satlsfactory during the second half of the year. Long
‘i‘! o Reach, however, could not change the inherent complexity of Atlas and
| Titan I missiies, and this complexity made adequate maintenance almost
f Jmp0331ble.l7 |

(u)iﬁﬂ' Both Titan II and Minuteman scored con31stently higher on shake-
downs than Atlas or Titan I. More important, Minuteman was doing extremely
well in operationai readinessrinspectionSG Wing I passed its first inspec-

tlon in December 1963 and 1n May of the follow1ng Yyear Wing II attalned a
‘ 18

ratlng of outstandlng.




Revision of the Operational Test Program

() .Improved training, thorough inspection, better maintenance,
and modification of missiles and other equipment helped improve the
reliability of ballistic missile sysﬁems, A1l estimates of reliability,
however, were based on a limited number of test firings., To be sure
that these estimates, which were used in.strategic planning, were
reasonably accurate, it was essential that the actual firings repre--
sented an adequate sampling of the operational force and were conducted
under realistic operational conditions.

(U>—il.I’In January 1962 Secretary McNamara informed’ the JCS, Navy, and ;
Air Force of his concérn over the lack 6f valid operational reliability
factors for all strategic missiles. The JCS responded by Qirecting the
Cammanderfin—Chief, Atlantic (CINCLANT) and CINGCSAC to undertake two new
types of testé "for the purpose of obtaining valid operational reliability ¥
factors under fepresentative combat conditions.™ These factors were to A ?f
be used in preparlng the single zntegrated operations plan.

(U){IQ The first of these tests, called Type III Operational Tests, ;ﬁ
were "io be conducted by the responsible operatiﬁnal command in as near E':

an Qperatlonal environment as possible™ and had as the Ttmain objective"

the "determlnatlon of system readiness, rellab111+y9 and accuracy." Thus, ﬁA;P
the dlf;erence between prior tests and these operatlonal tests was that !
the former were de31gned primarily to lmprcve relisbility and the latter
to measure it. The second of the new tests instituted by the JCS was

Type IV Continuing Qperatlonal Tests. The purpose of these was to Minsure

- . 4 19
that the established readiness, reliabillty, and accuracy are preserved,™
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{U) 'The Joint Chiefs! guidance formed the basis for CINCSAC!s prb-
gram to &etermine and maintain the reliability of all Air Force ballistic.
migsile systems., Procedures were essentially the same for Sc;t_h Type IIL
Operational Tests and Typé IV Continuwing Operational Tests, althoué;h there
were differences to suit the characteristics of the system being tested.
In general, however, the test began with countdown exercises al the opera-
tional site, &ftér which the test missile{ would be shipped to Vandenberg
AFB where the operational crew would actually latm;h the wea.ponnzc |
" (U)@ As a result of the additions decreed by the JCS, the complete

test cyele for a missile system now congisted of four stages. . Research

. and Development, the first, was the old Category I and II subsystem

develepﬁent and integration tests. Demonstration and Sha;kedéwi{g the
second phase, corresponded to the old Ca.tégcry IIT O@erational Testz.

These were followed by Types III énd‘lvs which became known zs Operational

‘ehd Follow-on Operational Tests respectively.

| (u‘)-@ The number. of launchings required to establish reliasbility and
make ce.r'tain that it was being maintained varied with the size of the
invent'.ory‘, the intended lifetime of the ~systexﬁ, and also with the view-
point of different érganizations.; General Power, mo‘wanf_bed overwhelming
evidence of relia‘bility, pfopésed an acéele;r-a’sed operational test program
ucosting $103.9 ﬁillion, las,tinglfrom fiscal year 1963 through fiscal 1965,
and involving the expenditure of seven Atlas D, 22 each Atlas E, Atlas F,
Titen I and Titan II, and 34 each Minutemen A and B missiles.

Cu)ﬁ Az"'l':er General Powerts prcposal"wau.s prese;tefi to the Air Staff,

& special ad hoc committee was formed to consider how to purchase adequate
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reliability at the most reasonable cost. Out of its deliberations came

a recomnendation for some 800 launchings during fiscal years 196A

through 1970 at a total cost of $637 million. After this plan had been

coordiriated, the Chief of Staff in May 1963 approved a "missile relia-
bility test program'utilizing 8.8 missiles through 1970.23 As finally
presented to the Secretary of Defense, the Air Force program extended
through fiscal year 1969 and called for 751 launchings at a cost of
§630.39 million.”" |

é&?Jﬁ!’k Subééquently approved by McNamara for plahning purposes, the
program specified that five missiles of each type would be launched
duriné the‘demonstration and shakedown phase. Operational tests would .
number eight for Aflas E, 25 fo; Atlas F, 12 for Titén I, 25 for Titan 11,
25 for Minuteman A, and 50 for Minuteman B and F. Scheduled follow-on
operational tésts for each type were six per year fof Atlas E and Titan I;
12 per year for Atlas F an& Titan II,,an average of 13 per year for
Minuteman A, 40 per year for Minuteman B, and 80 pef year for Minuteﬁén Fa
But, of course, with the withdrawal of the earlier models f?om the inven-
tory, the launch‘progrém was modified ¢liminatiﬁg operational téstihg of

: 2
those models, .

Tests from Operational Sites

(U?ilq Closely related to the operatidnal test-reliability program
was fhe proposed launching of missiles from operational sites. In 1958,
when the ICBM was still under development, the Strategic Air Command

recommended against launching Atlas or Titan from operational sites, but

&
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the topic surfaced again after the Air Force had gained experience with
these weapons and with Minuteman as well. Although the launch facili-
ties at Vandenberé AFB were as nearly-like operational sites as possible,
certain additional or modified equipment had to be installed to insure
safety, gathér test data, and permit repeated use of the launch facility.
General Power therefore came to the conclusion that firings from opera-
tiopal sites were necessary to determine system reliability,

(Uch@l}' Air Force.headquarters; although favoring tests from opera-
tional sites, was reluctant to use existing~facilities until the systems
were more reliable. In May 1963 General LeMay approved a compromise: the
siting of one fubure Minuteman squadron at some remote 1oca£ion where tests
could be held without danger to population centers or risk of violating
foreign territory. . Secretary McNamara, however, disﬁissed this suggestion
on ﬁhe grounds that nothing could be done at some remote site that couldntt
be done at Vandenberg. Neithe? McNamara, the JCS, nor the Air Force favored
launching liquid fueled missiles from operational bases until there was
greater likelihcod of success.27 4

(U)i!ﬁ‘ Alﬁhough the Air Porce and JCS were initially reluctaﬁt to
launch test missiles from operational sites——principally because of safety
probléms and such political considerations as the;péssage of missiles ofer
foreign soil-—plannihg contiﬁued into 1964. During November of that yeaf,

the JCS submitted to the Secretary of Defense a program utilizing opera-

- tional silos., The plan invoelved only Minuteman, since the liquid oxygen

missiles soon would be withdrawn from the inventory and Titan IT, though
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it would be retained, had not yet finished its operational testing. The
JCS called first for the firing--actually accomplished early in 1965—of
a specially modified Minuteman‘capable of no more than seﬁen seconds of
powered flight and a horizontai range of 7,000 feet. This would be
followed by a launching that would pass over American territory exclu-
sively'and end in thé Pécific and, possibly, by launching a missile that

28
would travel over foreign territory.

The Uniform Prediction Systenm

ﬂ%}ﬂllﬁ‘ The new operational test program could not immediately furnish
the sort of strategic planning factors that Secretary MéNamara desired.
As the Air Force poihted out, missiles could not be rushed through the
test cycle. The program, though soundly planned, woﬁld not yield imme-
diate results; and for that reason doubts concerning missile reliébility
would persist for a tﬁne.zg |

~(UQ—QI!$ But, meanwhile, realistic planning factors were needed since
war planniné could not be postponed to await the completion of operational.
testing. One solution proposed by McNamara was adoption éf a method, the
Uniform Prediction System, devised by the Wéapoﬁs Systems Evaluatior Group
(WSEG), which assigned each missile system a reliability factor based on
the amopnt of testing it had successfully undergone.so

OU)—G-HE"The Air Force at'first opposed fhis plan, arguing that qéera—
tional tests would in time provide accurateAAata and that, for the preseht,

CINCSAC and CINCLANT should retain responsibility for assigning temporary

planning factors. CINCSAC, who also served as Director of Strategic Target

f
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Planning (DSTP), supported the Air Force position, which General LeMay
sumarized by declaring thét the Uniform Prediction System would result
in M"more conservative factors, but not more valid factors.m Validity,
iﬁsisted the Air Force and its leadérs, could come only as the result -
of operational testing.31

_CQ)-QIHI The.Secretary of Defense indiéated, however, that he was not
questioning the ultimate value of the operational test program., He
merely wanted an interim:method of calculating the reliability of all
ballistic missile systems. The JCS came to accept the need for such a
method and therefore recommended adopting the Uniform Prediction System
and.the initial reliability and accuracy factors based on the WSEG-study.32

(v) 4 Having accepted the Uniform Prediction System, the JCS——the
Alr Force Chief of Staff included-~insisted that the factors derived from
it be applied impartially. .Thus, they balked at McNamara'!s suggestion,

supported by General Power, that solid fueled missiles deserved a higher

reliability factor than was due themiat‘a particular point in the test-

ing cyéle. General LeMay warned specifically against any deviation from

the chosen system that might inflate the reliability factors for

Minuteman.33

Debate Over Missile Reliability
(U)' Missile reliability as a political issue was not as important .

as the "missile gap" héd been a few years earlier. But differences of

~opinion within the Air Force and debates involving Secretary McNamara and

the 1964 Presidential aspifant Barry M. Goldwater did for a time pique

T
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‘the interest of Congress, although the legislators raised no great clamor

and apparently were not of a mind to press an investigation.

(U) That Air Fofce opinign was divided came to‘light during hear-
ings held by a Senate appropriations subcommittee in February 1964.
Secretary Zuckert mentioned a "joint staﬁement," allegedly abproved by
himself and General LeMay, which asserted that Mour missiles, most par-
ticularly Polaris and.Minuteman, can be depended upon to perform that
part of the waf plan our planners-have.assigned them, " Genéral LeMay,
howevér, denied that he had approved the statement, which McNamara
already had cited in support of his éwn fafofable estimate of missile
reliability.. Zuckert soughﬁ to explain the contradictory Air Force
position by declaring that his office had forwarded the statement to.

03D on the assumption, since proved erroneous, that all points of disa-

‘greement with LeMaj had been resolved to the satisfaction of both m.en.BA

(U)" In subsequent testimony before this subcommittee, General leMay

. made it clear that his reservations concérning missile reliability

stenmed from the natﬂre of the weapon. "Like any machine," LeMay began,

Mihey dontt always workj" but he added that these normal failings could

be detected through testing and repaired. "The more you exercise them,
he.continuéd, "the more you can find out what items are breaking down,

and you beef them up and feplace them, and you get better.” With missiles,
the problem lay in thé high cost and'irretrievaﬁleness of -the weapon,
which combiﬁed to reduce the number that could be tested. As a result;

ﬁhe general did not think "that you are ever going to get to the point

(THIS PAGE IS UNCLASSIFIED)



T

where you have the same confidence in the missile as yoﬁ have in manned
systems where you have a much larger sample.” 35
(U) Senator Goldwater questioned missile reliability in January

1964, about one month before General Le}{ay's testimony. "I do not feel
safe at all about our missiles," said the senator, adding his "wish" that
nthe Defense Department eou.ld tell the American éeople how undependable
the missiles in our silos actually are." When asked for details, he
answered that the information was classified and observed that he prob-
ably would "eatch hell for saying this."

(U)-' At about the time that Senator Goldwater was calling attention
to the poor "dependa.blllty" of missiles, Secretary McNamara was beginning
to employ that same term. In testimony before a ﬁeuse subcommittee,
McNamara attempted to show that Minuteman was more depende.ble than the
B-52, When given an opportunity to review the record, the Air Force
obJected v:Lgorously to the comparison of radically different weapon systems
except in a carefully defined situation and recommended that the Secretary
amend his testimony ';o include certain attributes oi‘.the B—52--the ability
to carry several weapons, for example'——“bhat he had not mentioned. McNamara,
however, seemed intent upon dev:Ls:_ng a method of comparing the dependa-

bility of disparate systems , and in the autumn of 1964 he stlll wag pursuing

this project.37




f o e i s 102 SA st B E T e e e 7 e feat

ITI. PENETRATION AIDS AND RE-ENTRY SYSTEMS

( ”)” The Air Force penetration aids research and development
program, begun in 1958 and continued on a limited scale, gathered momen-
tum during 1961 as the result of evidencé that the Soviet Uhiqn was
developing an antiﬁmiésile system; Among.the agencies involved in this
effort were the Ballistic Systems Division, the Desigh;ted Systems
Management Group, and the Strategic Air Comﬁand. Their studies, besides
leading to the acquisition of penetration aids for various missile systems,
also contributed to a shift in emphasis from penetration aids to re-entry
systems. This change enabled the Air Force to wnify its épproach to the

1
Job of piercing Soviet missile defenses.

The Penetration Aids Program

(u)-ﬂ- Charged in 1961 with the task of deciding what aids were
required for American missiles to penetrate Russian defenses, a Ballistic
Systems Division panel suggested combining slender re-entry venicles

having small radar cross sections, decoys, and warheads with increased

. protection against the effects of defensive nuclear detonations. The

likelihood of peﬁetration to the target could also be increased, the panel
subsequently suggested, by developing a maneuvéring ré—entry vehicle
capable of frustrating attempts at interception based on the predicted

trajectory of the incoming warhead.

<&




—H
o

g

50

( d>- For its part, the Strategic Air Coxmnana recomuended
a program based on "prudenﬁﬁ inteiligenqe estimates and designed to keep
pace with Soviet deployment of operational defenses and with improve-
ments in these defenses. In the immediate future, SAC maintained, iis
Mik~11 re-entry vehicle, used with Wing I Minuiemen, would escape detec~
tion by Soviet radar. Between 1965 and 1968, however, Soviet defenses
seemed certain to improve and to increase in coverage, so that penetration
aids would be required. SAC therefore recommended against mouﬁting these
aids on Atlas D or E, which probably would be the first missiles retired
from operational service. Atlas F and Titan'I, neither of which seemed
destined for a long operational career, should be'fittéd with mounts that
could, if Russian defensive progress so‘dictated, éarry decoys. “Since
Titan IT and Minuteman would be Americats strategic mainstay during the
late 1960%s, SAC urged that the Air Force concen#rate<on‘equipping these
systems with decéys and developing ré—entryJVehicles likely to escape
detection by radar aﬁd to survive the effects of defensive nuclear
Weapons. i .

( "’M To obtain more information on the problem, Secretary
Zuckert directed his Assistant Secretary for R&D to form an ad hoc com-
mittee to revieW'probable Soviet progress in the field of aﬁtiimissile
.defenses. The cpmmiﬁtee, after completing its stﬁdy, reported in October
1961 that SAC's recommendations were valid. it recdmmended the Air Force
fo;us its.atténtion on. those weapon systems that wﬁﬁlﬂ have to penetrate
a stronger Soviet defensivé network: Titan II, with the Mk-6 rementrj

vehicle and decoys; Minuteman, with Mk-11 and appropriate decbys; and
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the development-~for use if needed--of penetration ‘aids for Atlas F and
Titan I. The committee favored abandoning work on penetration aids for

Atlas D and E and Minuteman A and replacing the latter with Minuteman B

'missiles.b

ﬁ[}iﬁﬁr The Office of Secretary of Defense in the meantime had expressed

concern over the rising cost of the penetration aids program, which had -

1ncreased from an initial estimate of $183 mllllon to a proposed §232
million for fiscal year 1963. To reduce costs, Secretary Zuckert in
Februany 1962 approved in principle a development brogram that concen-
trated on Titan II and the later-model Minuteman and dld not exceed $183
mllllon for fiscal year. 1963.5 Thg purpose was to acquire effective
decoys and techniques "for the later (1966-1970) and perhaps truly
critical time period.m 6
'(O>-ilﬂl Unlike Secretary Zuckert, the Director of Defense Research and
Engineering fa;oréd the in§tallation of penetrafion aids on Atlas F, an .
undertaking thé.Air Force wished to avoid, unless absolutely necessary,
because of the cpsts. Rather than fit decoys on the eﬁtire 7R-missile
férce, or otherwise modiéy it, Air Force headquartérs proposed equipping

only a part with penetration aids, The Secretary of Defense endorsed

this proposal, directing that the devices.be fitted to 25 to 50 percent

of the Atlas F force, the exact fraction to'depend upon .the operational

situation.7
(4 l/)—” The penetration aids under consideration at-this time were aimed
at escaping detection by defensive radar, elther by presentlng an excep-

tlonally small target, by masking the incoming vehicle, or by a comblnatlon
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of both. Among the methods of‘distracting attention from the re~entry‘
vehicle were the release of decoys having a similar radar image, the
scattering of chaff to clutter the radar screen, or the use of elec-
tronic devices for that purpose. Also possible was the Jjettisoning of
the stage to which the re-entr& vehicle was attached, the so-called
tank, in such a fashion that it would break up upon entering the atmos-
phere and, in effect, serve as chaff. A related penetration technique
useful with re-entry vehicles having a small radar image was the random
displacement, possibly using retro rockets, of the tank so that it would
veer off when the vehicle was 20 to 50 miles from the target. In this
way the tank, which had an'unavqidably large radar profile and tended to
follow the same ballistic track of the re-entry vehicle, could not be
used as an offset aiming point for interception of the re-entry vehicle.8
(u)wﬂlk- Besides discussing penetratioﬁ aids, the Air Force was at the
same time studying,the best way to approach the problem of making reasen-
ably certain that its missiles could pass through Soviet defenses. During
the summer of 1961 a panel assembled by the Ballistic Systems Division
recommended merging research into penetration aids withthe study of re-entry
technology and treatiﬁg tﬁe two topics as aspects of an integrated re—enfry
system. The proposed re~entry system would 1nc1ude the vehicle and warhead,
hardened for protection against the effects of defensive nuclear blasts,
and whatever penetratlon aids were considered necessary.9

[h;%ﬂ!} At the time -this recommendation was made the Air Force was

pursuing a modest re-entry vehicle research program that centered upon

two possible develdpﬁents: an aeroballistic vehicle capable of re-entering
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the atmosphere at a shallow angle, utiliziné aerodynamic lift, énd then
resuming its ballistic plunge toward the target; and a maneuverable
vehicle. The former was intended primarily to extend the range of inter-
continental missiles without increasing the size of the rocket; the latter
was to confuse defenses and obtain the greatest possible accuracy. The

cost of the undertaking was limited to $27.4 million in fiscal year 1962,
but expansion was soon to ccvme.lO

6€>JUUL'In March 1962 General Schriever, AFSC Commander, advised the
Chief of Staff that "the scientific community and high levels of OSD"
were critical and concerned about the Air Force's "apparent lack of
urgency, vigor, and ﬁanagement attention to the ballistic missile pene-

tration problem.!" In response to this criticism, Schriever recommended

adopting a ballistic missile re-entry system concept, under which the

' Mattack element! of a missile system would be treated as Man entity

which can be modified or replaced to meet the chanéing defense env;ron—
ment." The system approacﬁ would, according to General Schriever,
brovide for the Muse of a broad technological base! and:permit the
"explorafibn of new ideaé and methods at minimum cost and in a time

frame consistenﬁ_with requirements,® accomplishing these objectives *with
only minor effect on the basic payload carrier element thus preserving
the integrity of the major cost items of the éystem and eitension of the

11
useful life of a system."”

The Advanced Ballistic Re-entry Systems Program

("/)whDuring the spring of 1962 Schriever!s recommendation was
studied and adépted by the Air Force. In September it was implemented
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as the Advanced Ballistic Re—entry Systems (ABRES) program.

made responsible‘for guiding, planning,

AFSC was

and setting the technological

goals of the program to insure the continued effectiveness of the bal-

listic missile force in spite of a. grow1ng defensive threat. Finally,

in May 1963, the Director of Defense Research and Engineering d981gnated

the ABRES programpas the Department of Defense program for advanced

development of re-entry techniques and devices. As a DOD undertaking,

ABRES would support both Navy and Air Force ballistic systems.
[D)4ﬂlﬂ Among the projects in the ABRES programowas the development

of an aeroballistic vehicle for Minuteman, preferably one capable of

executing a final maneuver at the target Should problemsAih terminal

guidance and aerodynamlcs be solved, such a vehicle would be usefulAwith

almost all intercontinental ballistic missile systems. The potentially

wide use of an aeroballistic vehicle prompted the Air Force to divorce

the proposed system from Minuteman and to pursue research in terminal
13

guidance and re-entry maneuvers independent of any partlcular ICBM.

(Mafilil Besides conductlng research into maneuvering vehicles as part

of the ABRES program, the Ballistic Systems D1v131on sought to acquire a

re-entry system for the improved Minuteman. The quest became imperative

when it appeared the Mk-1l, used with Minuteman I, would be unable to
withstand the stresses that would be placed upon 1t by the longer range

10M-30F missile. However, the Air Force finally declded to modify the

existing Minuteman vehicle, working toward a Mk-11A that would prove

saﬁisfactory with Wing VI Minuteman, while simultaneously beginning

"development‘of the Mk~-12, a new re-entry system.
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qm' the two programs, Secretary Zuckert was far more enthu-
giastic about the Mk-12, the so-called twin," which promised far greater

versatility. -
POt

I v(3)
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Both were to be hardened against the effects of nuclear anti-

B

. . : 1
missile wealpons and to carry chaff, decoys, and electronic countermeasures. >

Such was the plan in the summer of 1962; by year's end, how-

ever, the abox}e scheme had been abandoned. Instead, the Air Force

T .
proposed to develop two da_st:mct Mc-12%s 5 heavy and llght. . Dow
T .. \ bes)

|

e it .
——— ; ey .

“f‘#r‘ﬁt"

“ The Air Foroe intended ﬁhe heavy véhicle for attacking hardened but un-
defended targets and the light ‘one for penetrating enemy defenses to
destroy soft, a.rea.‘te'a.rge’l:.s.l5 : . '

Wuary 1963 Dr. Brown, DDR&E, approved begimning work on

the heavy as well as the light version. Development, however, was slow

in getting starteci and in April he urged giving precedence to Mk-12(1).

=
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¥#See Chapter IV.
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(a')-. The Air Force, however, had begun to lose interest in the very
model that Dr. Brown had come to favor. According to ; summary prepared
within the Air Staff, the principal reason for going ahead with develop~

‘ ment was that "if we attempt to cancel Mk-12(L) we are sure to lose
Mk-12(H) . Nor could the Air Foroe defer work on ‘the heavier vehicle,
which had become mired in technical uncertainty, without riskiﬁg its can-~

17

cellation.

ﬂ‘he overriding difficulty was the development of a light,

—_

powerful warhead for Mc-12(H).

\ B / Neither was satis-~

L]

factory a.nd developmen‘b ground to a halt

‘ In the meantime, development of the Mk-12(L) was moving

forward.
. YoE’ I ,
(,,\ e et e et T
I‘b appeared moreover, 'tha.t minor changes .

would permit use of this re-entry vehicle with improved versions of
Polaris., In January 1964 the Air Force and Navy therefore agreed on a
joint ma.‘ﬁagemént pla.n for Mk-12(L). Under this arra.ngement, the Air
Force exercised over-all executive managemen‘b while the Navy helped

19
design and test the conmon system.

(1)l Vork on the Mk-12 was contemporaneous with the developmenf of

a modified Mk-11l better able to penetrate enemy defenses and suitable




A

A B R A T e 2

SR B R S B2

Hirswl

for use with both LGM-30B and IGM—BbF. In spite of thé emphasis on

57

Mk-12, delivery of the first Mk-llAts, for service with Minuteman
Winé V, toock place in June l96h;20

(u)" The ABRES program, bésides benefiting from experiments con- .
ducted at tﬁé Eastern and Western Test Ranges, had its own test facility,
a firing range with a launching site at Green River, Uﬁ., and impact
area at White Sands, N.M. Four-stage, solid-propellant Athena rockets
carried scale models of re-entry vehicles which were tracked by radar.
The first of a scheduled 77 launchings took plgce on 10 February 1964,
but an electrical short circuit caused the missile to crash halfway to
its intended impact area. A’second launching also proved unsuccessful,
in this case because winds threatened to drive the missilerff course
and forced its destruction. Finally, in July 1964, a test was carried
out sﬁcéessfully.Zl

ﬁy)lilr In stmmarizing the achievements of the ABRES program,4the
Ballistics Systems Division cited advances in both technique and equip-

ment. "Impressive progress® had been made, for example, in "reduction

of radar observability by use of the slender body concept;™ future

re-entry vehicles would, in other words, present a less distinctive

radar image. The Athena program was Judged to héve "eonfirmed the
economy of subscale teéting." ABRES was contributing to development
of the Mk-12 system and to research into aeroballistic and maneuverable
re-entry vehicles. W"3ignificant progress® also was being made in "heat

shield development, re-entry behavior, and chaff effectiveness.! 22
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(u)‘ Through fiscal year 1964 the total obligating authority for
ABRES had amounted to $277.9 million. To continue the program, the Air

Force sought $158.3 million for research, development, testing, and

evaluation for fiscal year 1965 and $2.5 million for military‘construc-

‘Vlon. Requested for fiscal year 1966 were $170 million for the former

2
and $9.8 for the latter. 3
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IV. THE MOBILE MID-RANGE BALLISTIC MISSILE

(L/)‘“ ‘The MMRBM program had origins in a requirement established by
the Supreme Allied Commander, Europe, Gen. Lauris Norstad, who in 1960
recommended that such weapons be provided to defend NATO. Norstadts
requirement was studied in some detail by various agencies of the U.S.
Government, including the Air Force, Navy, JCS, 0SD, and ﬁepartment of
State. On 16 De.cember 1960, aftef thé National Security Council had
reviewed and approved the MMRBM concept,'. Secrété.ry of State Christian
A, Herter infenﬁed a NATO ministerial conference meeting in Pardis that
the United States was prepared to provide land and seé—based Polaris- |
type missiles to help meet future defense ﬁeeds.

- lier, in June 1960, the Air Force had asked 0SD for funds
to initiate development of a land-based mid-range missile. Although
the JCS concurred in the requlrement because of dlsagreement ‘how to

BT T

meet it 'bhe Secretary of Defense deferred a dec:r.s:.on.

e A ——————

/ | ‘ - j \O(J)

Preparing 2 'Development Plan

%ﬁéﬁ" On 3 October Secretary McNamara announced his firm support for

a land-based missile, MThere is an urgent requirement,"” he informed
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Secretary Zuckert, "to develop a highly accurate and reliable mobile

weapon with which theater commanders can destroy nuclear military forces

e+ Al A . N B

which oppose theg:g/)

Pt

on this guidance, thé Air Force-prepared4and on 31 October submitted to
03D a preliminary development‘plan_which,incorporéted the characteristics
delineated by McNamara. The Air Force requested an allocation of $27.8
million to begin development of the system.3 |
ﬂf)~"" After 0SD reviewed the plan, on 29 December 1961 McNamara
authorized the Air Force to proceed with the program with certain fevi—'
sions, He asked that the development plan be changed‘to provide for a
missile suitable for both land or sea deployment,.rather than for land:
usage only. In this connection, he specified that tﬁé Navy would par-
ticipate in the program to insure that the MMREM would be adaptable Mto
the surface ship mode.!" He approved using a two-star stellar inertial
guidance system in the missile Min order to achieve a ﬁinimum CEP con-
sistent with the sea environment for surface ship deploymen£." To begin

development, McNamara released $6.5 million to the Air Force, stating

~that Congress would be asked to provide $100 million in fiscal year 1963

fﬁnds, half of which would be spent during that year.l‘L
(J)iill Seeking to save development funds,'Seéretary Zuckert asked the
Air Staff to evaluate the practicability of develdping a stellar inertial

guidance system suited to beth improved Minuteman and the mid-range weapon.

)
J
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The Designated Systems Management Group voiced doubts that a single
device could be adapted to twb markedly different systems and this
opinion was borne out by studies made by the Ballistic Systems Division.
Zuckert thereupon accepted the division's recommendation that distinct
guidance systems be developed for each, but he also directed that common
components should be used wherever possible.5

[u>~ Although McNamara approved the development program, a delay
develeped during January and February 1962 ﬁﬁen Dr. Brown directed the
Air Force to institute a number of basic changes in its procedures before
deciding on a specific MMRBM system. He asked that new studies be under-
taken to define more completely system design, management procedures,
schedules, and other program details. These studies were to be part of
a Phase I or program eefinitien phase, whose purpose was to make sure
the projected system was feasible. Despite Air Force objections, which
Secretary McNamara overruled, Phase I was initiated and lasted until
June 1963.° - ﬂ
( u)“ In the ‘mean‘time, Air Force planners sought to define and
Justify how the MMRBEM!s would be employed in Europe. State Depariment
personnel were.briefed at their request on the entire.concept and par-
ticularly‘on‘the command and control aspecﬁs. In a study on the MMRBM{

the Air Force argued that reliance on a missile deterrent based in the

United States was an Minfeasible course! since prudence seemed to require

"that greater. care be exercised to avoid automatic escalation of any

theater conflict into all-out intercontinental war.” A suitable safeguard
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against this danger, the Air Force said, would be the mobile medium-

range system, distinct and geographically separate from the American-based

intercontinental missiles. Used-in conJunction with Polaris submarines s

Such systems cofild do a better Jjob of protectlng NATO than could intercon-

tinental weapons alone and do so with less rlsk of escalatlon.7

0i>4lll Uhfortunately, certain political difficulties arose——such as

NATO governments? generally negative attitude o the idea of basing the

| MMRBM on their 5011 which led Defense and Nsvy offlclals to con51der

R A R P

fg ! that ship-based missiles might be the only feasible deployment of the

ﬁ X neW'system. Since the United States had already suggested to its Allies

R

R PO TCA TG S SRR

the possibility of forming multinational NATO fleet units, the Navy pro—

posed to MCNsmara that the MMRBM would be well suited for use by such

e

S

organizations and recommended it be given charge of the development pro-

gram. McNamara, however, rejected the Navy proposal, apparently to avoid

disrupting the Air Forcets program definition phase, just getting under

8
way.

m The JCS too, was examining the probable deployment of the

mid-range missile, and in May 1963 it completed its study. The JCS

endorsed the usefulness of the proposed weapon, cltlng a "world—w1de :

requirement for MMRBM’S béth land and sea—based." : }
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A Reprievé for the Program |,

60){.‘! General statements such as this could not, however, conceal
the absence of any agreements by wﬁich a foreign péwer accepted the V
stationing of this missile on its soil. Testifying before a House' sub-
committee on defense gppropriations, Secretaﬁy McNamara admitted that
Mye see no ciear~opefational requirement for if and no definite deploy-
ment plan,™ but he said that he nevertheless was '"personally...anxious

that we pursue this development as an insurance program.™ 10 This

."anxiety" was not contagious, for the.House on 26 June 1963 accepted

the recommendation of its appropriations commitiee to reduce by $100

‘million the $143.1 million that McNamara had requested for the mobile

mid-range program, “

ﬂu)4iﬂ' An Air‘Forcg request that the House action be contested was
rejected by 0SD. Instead,'after'discus;ing the matter; Secretaries
McNamara and Zuckert agreed to proceed with developmenﬁ, using the-
appropriation for stellar inertial guidance research and the amount_'

provided for the missile system proper--a total of about $58 million,

In spending this amount, emphasis was to be placed on those subsystéms -

“that had innate vélqe. Guidance, therefore, would receive $15 to $20

million, commgnd and control $10 to $15 million, but MMREM studies no

more than $5 million.

L or=
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[bailﬂl OSD willingness to accept the imminent reduction in the

8

program was made apparent in late August by Deputy Secretary Roswell
L. Gilpatric during an appearaﬁce'before the Senate subcommittee |
studying the defense budget. In contrast, the Chairman of the Joint
Chiefs of Staff on the same day testified that the weapon was needed
and urged restoration of the money that the House had pared away.

Sen. Carl Hayden, Chairmasn of the Appropriatipns Committee, and Sen.
Richard B. Russell, Chairman of the Armed Services Ccmmittee,,ﬁromptly

asked Secretary McNamara if the House action had caused the planned

reductions in the development effort and if, assuming the funds

deleied by the House were restored, the Department of Defense would
>proceed with the next phase of development. The Secretary of Defénse
answered yes to Both qﬁestions, whereupon the Senate approved the
restoration of $60 million. In conference, however, the House suc-
ceeded in reducing this sum to $30 million, so that a total of $73.1
miiliontfinally'was ap_propriated.l3 .

6&)‘!!“ As a result of this compromise almost $100 million was
available for work on the weapon and its major subsystems. For fiscal
yeér 1964 the Air fbrce'coﬁld count on $73.1 million appropriated for
the program in general, $13.8 million for stéllar inertiai guidance
develoﬁment,_anq $6.9 million fﬁr nilitary construction. On the basis
of what Congress had made available at this time, Secretary McNamara
expected about $110 million would be provided for fiscal year 1965 énd{

if deploymenf seemed likely, $200 million for fiscal.year 1966.1A
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The Program Abandoned

( d)” Although funds were at last available, DDR&E in November 1943
hinted of troubles to come. "Uncertainties in MMREM deployment" and
"budget restraints a.n'bicipated:durjng the years ahead" had persuaded
him that a modified program M"designed for minimum cost and risk by
providing an adequate péri‘ormance margin' is more prudent even if it
results in éome loss of range." 15

(u\)ﬂ This willingness to abandon longstanding objectives, together
with a slowness in releasing the funds ~Congres$ had made available,
were, as the Air Force Systems Command pointed out, fﬁstrathg the
efforts of contm:zc'borsa.:L This frustration, in turn, was a symptom

of impending collapse of the program. O0SD had yet to approve é plan

of deployment, and the absence of such a plan, combined with NATO dis-

“interest, was cooling the enthusiasm of those legislators who favored

developing the weapon. For example, Senator Russell, who j.ﬁst a few
months earlier had helped keep the program alive, observed during
Senate hearings held in February 1964 that "this MMRBM’.l left him Mvery,
very cold." 17
(u)ﬂ This sort of reaction dramatized the rieed for further evidence
that the wéapons had a useful role and,  if developed, would be deployed.
The JGCS, as a result, directed the Joint S‘baff. to study the "national
requirement” for a mid-range wegpon, as distinct from the NATO reguire-

ment. But after the study was completed, the services split over

whether it actually had proved, as the Air Force said, that there was
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a need for the mobile missile., The study was returned to the Joint

18
Staff for further work.

(U){llll In reporting that the stﬁdy was being revised in the hope
of its gaining acceptance by all the services, the JCS advised McNamara‘
on 27 June 1964 that théy would support whatever continuation of develop-
ment was required to "preserve the option to proceed with it as a weapon
system." It suggested that NATO's lack of enthusiasﬁ.for the mid-range
missile might stem from misundefstandings about the proposed system,
for the United States had been slow in releasing appropriate studies to
the NATO partners, The JCS therefore recommended that McNamara make a
determined effort to provide West European military and pelitical
leaders with adequate information on the characferistics aﬁd proposed
operational role of the mobile mid;raﬁge weapon.

(ﬁ}‘lﬂ!‘ While the JCS was attempting to establish a national require-

‘ment--an undertaking begun in February and not yet finished in June--the

Air Force, at McNamarat's request, attempted to sell the program to a

- 20 : ' ‘
Congress that had grown indifferent, if not hostile. The absence of a
deployment plan probably did most to disarm Secretary Zuckert's arguments

in favor of continued development.

(J){Eﬁﬂl Of the $110 million requested for the fiscél year 1965 program,

the House of Representatives was willing to provide only $75 million, an
amount thét the Senate slashed to $40 million and earmarked for develop-

ment of a stellar inertial guidance system. Even though McNamara declared
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tﬁat this red;ction‘would dogm the program, the ‘House aceeptéd the
Senatets revisiohs. On 31 August 1964 DDR&E formally advised Zuckert
that the develépment of a mobile mid-range ballistic missile had~béen
terminated. The effort to interest NATO leaders in the weapon was

21
abandoned.
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61, subj: Proposals for Minuteman Extended Survivability, in OSAF
26-61, vol 1l. ,

Mins (S), 18th DSMG Mtg, 17 Nov 61, in OSAF 38-61, vol 3.

Memo (S), DSGM Secretariat for Vice C/S USAF, n.d., subj: An Air
Force Position on Minuteman Flexibility, in OSAF 26-61, vol 10.

Hist (TS-RD-NOFORN), SAC, Jul-Dec 61, vol 1, p 181.

Atch (S) to ltr, Acting D/Plans to UCS/Plans and Ops, 2 Nov 63, subj:
Minuteman Prog Reappraisal, in D/Plans RL(64)(49-3; Mins (S—RDS, 5th
DSMG Mtg, 24 Aug 61, in OSAF 38-61, vol 2; Piper,p 77.

Memo (5), Under SAF for SAF, 8 Jul 63, subj: Minuteman PCP, in OSAF
34633 Hist (TS-RD-NOFORN), SAC, Jul-Dec 63, vol 2, p 208.

Mins (S); 22d DSMG Mtg, 16 Jan 62, in OSAF 154-62, vol 1; 31st DSMG

Mtg (8), 27 Feb 62, in OSAF 154-62, vol 2.

Mins (S), 36th and Mins (S-RD) 38thDSMG Mtgs, 29 Mar and 20 Apr 62,
in OSAF 154-62, vol 2,

Hist (S), BSD, Jul-Dec 63, p 65; Rprt (S) on USAF Ballistic Msl
Prog Including Site Activation, as of 18 Feb 64, in OSAF 11-64; 1tr
(C), D/Prod and Progmg to Asst SAF (R&D), 11 May 64, subj: Minute-
man Silo Door Probl, in OSAF 5-6i. :
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Notes to.pages 13 - 19

Mins (S), 18th DSMG Mtg, 17 Nov 61, in OSAF 38-61, vol 3; Mins (S),
2lth DSMG Mtg, 25 Jan 62, in OSAF 154-62, vol 1.

Hist (TS-RD-NOFORN), SAC, Jan-Jun 62, vol 1, pp 198-99; Jul-Dec 63,
vol 2, pp 260-63; Atch (S) to ltr, Act:_ng D/Plans to DCS/Plans and
Ops, 2 TNov 63, subj: Minuteman Prog Reappraisal, in D/Plans (RL(64)
1-1-9“3-

Ateh (8) to 1ltr, Acting D/Plans to DCS/Plans and Ops, 2 Nov 63, subj:
Minuteman Prog Reappraisal, in D/Plans RL(64)49-3; Mins (S), 59th DSMG Mtg,
8 Feb 63, in OSAF 175-63.

Mins (S), 51st DSMG Mtg, 24 Aug 623 Memo (S), DSMG to members, 2 Aug 62,
subj: Status Rprt on Selected Designated Systems, in OSAF 154-62, vol 43
Memo for Record (S), D/Plans, 21 Oct 63, subj: Primary Remote Targeting
for Minuteman II, in D/Plans RL(63)49-3, sec l.

Memo (S), SOD.for SAF, 29 Apr-63, subj: Minuteman/Improved Minuteman and
SAF for S0D, 28 Aug 63, same subj, in OSAF 34-63; ltr (S), Weapons Plans
Div, D/Plans to D/Plans, 25 Sep 63, subj: Atomic Strike Recording System
(ASTREC), in D/Plans RL(63)49-3, sec 1.

Hist (TS-RD-NOFORN), SAC, Jul-Dec 63, vol 2, p 210; Hist (S-RD), D/Opl
Rgmts, Jan-Jun 64, p 65; Memo (S), Dep Asst SAF (R&D) for DDR&E, 3 Jan
6l, subj: Alternate Launch Capability of Minuteman Msls from Airborne

Comd Posts, in OSAF 34-63, vol 2.

Atch (S) to 1ltr, Acting D/Plans t0 ‘DCS/Plans  and Ops, 2 Nov 63, subj:
Minuteman Prog Reappraisal, in D/Plans RL(64)49-3; Air Staff Sumary
Sheet (8), D/Prod and Progmg, 12 Mar 63, subj: Perm1551ve Link for
Minuteman, in OSAF 24~63.

Memo (S), Asst SAF (R&D) for DDR&E, 19 ‘Mar 63, subj: Permissive Link for
Mlnuteman, in OSAF 34~63.,

Ltr (S), D/Dev to SAF, 17 Aug 63, subj: Penm1551ve Link for Mlnuteman, in
OSAF 34-63.

Memo (S)," Asst SAF (R&D) for SOD, 15 Dec. 6k, subj: Improved Encoded Launch
Enable Sys for Minuteman, in OSAF 5-6l; Hlst (S—RD), D/Opl quts, Jul~
Dec 64, p 61,

Atch (S) to ltr, Acting D/Plans to DCS/Plans and Ops, 2 Nov 63, subj:
Minuteman Prog Reappraisal, in D/Plans RL(64) 49-3.

Van Staaveren, pp 63—64, 70-753 Piper, pp 149-51.

~ Summary Outline (s), n. d., subj:. Mobile Mlnuteman, in OSAF 38—61 vol 3.

Mins (8), 15th and 18th DSMG Mtgs, 26 Oct 61 and 17 Nov 61, in OSAF

38-61, vol 3.
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Piper, pp 163-6L.

Senate Hearings before Subcmte on Appropriations, 87th Cong, 2d Sess,
DOD Appropriations, 1963 (U), p 12. :

Msgs (8), AF IN 55432 SAG to C/S USAF, 28 Feb 623 68474 C/S USAF to

Ltr (8), CINCSAC to C/S USAF, 5 Apr 62, w/atch, subj: Accuracy of
Train-Mobile Minuteman; Ltr (S), C/S USAF to CINCSAC, 25 Apr 62, same
subj, in D/Plans RL(62)49-3. .

Ltr (S), CINCSAC to JCS, 23 Nov 63, subj: Reinstatement of Mobile
Minuteman Prog, atch to JCS5 2012/239, 27 Nov 63, in D/Plans RL (62)
14-9—3’ se¢ 10 .

Hist (TS-RD), D/Plans, Jul-Dec 63, pp 157-58.

Memo (S), SOD for SAF, 29 Apr 63, subj: Minuteman/Improved Minuteman,
in D/Plans RL(63)49-3, sec 1. '

Hist (TS-RD-NOFORN), SAC, Jan-dun 64, vol 2, pp 243-4k; Hist (S-RD),
D/Opl Rgmts, Jul-Dec 63, pp 54-55.

Talking Paper (S), Minuteman, Modernized vs Improved Configuration,
20 May 6k; Ltr (S), Exec Secy, DSMG to SAF, 28 May 64, subj: Improved
vs Modernized Minuteman, in OSAF 5-64; Mins (S), 83rd DSMG Mtg,

28 Feb 64, in OSAF 459~bL.

Van Staaveren, pp 70-75; Piper, pp 78, 160-643 DOD
Annual Rprt for Fiscal Year 1962, p 10, and Fiscal Year 1963, p 1.

Memo (5), Vice C/S USAF for Ofc of SAF, 19 Feb 65, subj: Minuteman
Force Levels, in OSAF 190-65.

Ibid.; Minuteéman Program (S), Analysis of Budget Decisions, FY 1964
and FY 1965, nid.; Ltr (8), C/S USAF to SAF, 19 Jul 63,.subj: Minute-
man Force Level, FY 67, in OSAF 34-63, vol 2; Mins (S), 64th DSMG Mtg,
5 Jul 63; SAF Directive No. 6 (S) for C/S USAF, 8 Jul 63, subj:
Minuteman PCP, in OSAF 175-63; Memo. (S), SAF for C/S USAF, 18 Jun 63,
subj: FY 1965 Budget Submission, in D/Plans RL(63)13.

Memov(S), SAF for SOD, 27 Nov 63, subj: Reclama of Sec Def Decision/
Guidance on Minuteman; Memo (TS), SOD for SAF, 10 Dec 63, subj:
Reclama of Minuteman Prog, in OSAF 34-63.

Tentative Force Guidance (TS-NOFORN), 0SD, 15 May 64 (revised 10 Aug),
atch to memo, Deputy Asst SOD (Comptroller) to SecArmy, SecNav, SAF, -
and CJCS, subj: Tentative Force Guidance Memoranda, in OSAF Corre-
spondence Control Div,
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Notes to pages 25 - 30

Memo (I5), -SOD for SecNav, SAF, SecArmy, and CJCS, 16 May 64, subj:
Force Guidance for Submission of PCP on Strategic Retallatcry Forces,
in OSAF Correspondence Control Div.

Senate Hearlngs before the Subcmte on Appropriations and the Cmte on
Armed Services, 88th Cong, 1lst sess, DOD Appropriations, 1964 (U),

P 41; see also Lt. Col. Donald F. Martin, "Counterforce (U),® Air
Unlversltv Quarterly Review, vol XII, nos 3 and 4 (Winter and Spring
1960-61), pp 152-58.

CM-503-63 (TS) for the Director, Joint Staff, 12 Apr 63, subjs Counter—
force Targeting; ltr (TS), C/S USAF to CJCS, 7 May 63, same subj, in
D/Plans RL(63)49, Sec 2; SM-654-63 (TS) for the Director, WSEG, 17 May
63, same subj, in D/Plans RL(63)49,sec 3.

Senate Hearings before the Subcmte on Appropriations and the Cmte on
Armed Services, 88th Cong, 2d sess, DOD Appropriations, 1965 (U), pt 1,

Hist (TS-RD), D/Plans, Jul-Dec 63, pPp 34~36.

House Hearlngs before the Subcmte on Appropriations, 88th Cong, 2nd sess,
DOD Appropriations 1965, pt 4, p 472. ~

Memo (S), D/Civil Engineering for SAF, 11 Nov 61, subj: Increased
Construction Costs-ICEM Prog, in OSAF 26-61, vol 15.

Bprt (S) on USAF Ballistic Msl Prog, including Site Activation, as
of 20 December 1961,.in OSAF 26-61, vol 1i.

Atch 11 (S) to Atlas PCP 64-60, Jun 643 atch 8 (S) to Titan PCP 64-61,
15 Jun 64. ‘

Phase-out Plan (S) for Atlas E and Titan I n.d., in OSAF 145-643 DOD
News Release No. 822-64, 19 Nov 64.

i

Atch 11 (S) to Atlas PCP 64~60, Jun 64.‘

Atch 8 (8) to Titan PCP 64-61, Jun 643 Fbrmat B (8) on Tltan Program
Element 1.10,10.01.4, signed 1 Oct 64.

Ateh (S) to 1ltr, D/Plans to DCS/Plans and Ops, 2 Nov 63, suba’ Minute-
man Prog Reappraisal, in D/Plans RL(63)49-3.

Memo (S) for Record, Exec Secy, DSMG, 12 Apr 63, subj: Ballistic Msl
Funding Problems, in OSAF 172-63; Memo (S), SAF for SOD, 31 May 63,

-subj: FY 64 Minuteman Prog, in OSAF 34-63.
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Memo (S), SAF for SOD, 19 Feb 63, no subj, in OSAF 34-63.

Ltr (8), Asst Vice C/S USAF to Asst SAF (FM), 1 Mar 63,
subj: Minuteman Funding Rgmts, in OSAF 34-63.

Rprt (5), USAF Ballistic Msl Prog, including Site Activation, as of
13 Jun 63, in OSAF 172-63; Memo %s), SOD for SAF, 3 Jun 63, no subj:
Memo (S), SAF for SO0D, 5 Jun 63, no subj, in OSAF 34-63.

Rprt (S), USAF Ballistic Msl Prog, including Site Activation, as of
18 Feb bk, in OSAF 11-bk.

Atch 2-3 (S) to Minuteman PCP 64-65, 6 Aug 6h; Memo (S), Dep Asst
SAF (FM) for SAF, 14 Aug 64, w/atch, no subj, in OSAF 5-64.

Tab S (S) to Backup Information for Congressional Hearings on the
Atlas F Weapon System, 7 Jan 65, in OSAF files, :

Memo (S-RD), Asst SAF (R&D) for SAF, w/atch, 1 Aug 64, subj: Minute-
man IT RDT&E Costs; Memo (S), Asst SAF (R&D) for SAF, w/atchs, 5 Oct
6k, subj: Interim Summary of Minuteman PCP Review, in OSAF 5-b6l.

Atch 2~6 (S) to Minuteman PCP 64-65, 6 Aug 6.

Ltr (TS-RD), DCS/Plans and Ops to DCS/Programs and Rgmts, 26 Oct 63,
subj: Future Advanced ICBM Goals and Objectives; Air Staff Summary
Sheet (TS-RD),- D/Plans, 28 Oct 63, same subj, in D/Plans RL(63)
49-3; Memo (C), DDR&E for Asst SAF (R&D), 18 Jun 63, subj: Advanced

-1CBM Prog, in OSAF 73-6L4; Hist (S-RD), D/Opl Rgmts, Jan-Jun 64,

pp 59-60.

o CHAPTER II .

Hist (S), 1st Missile Division, SAC, Jul-Dec 60, pp‘34—35.

Hist (TS-RD-NOFORN), SAC, Jan—Jun 62, vol 1, pp 166-68; Draft Rprt
(U), Comptroller General to Congress, Review of the Construction

of Certain Launch Facilities for Atlas and Titan ICBM's at Selected °
Dept of the AF Bases, n.d., in OSAF 5-62,

Van Sfaaveren,‘pp 52-55,

Ltr, CINGSAC to Cmdr AFSC, quoted in Hist (TS-RD-NOFORN), SAC, Jul-
Dec 61, vol 1, pp 166-67.

Hist (TS-RD-NOFORN), SAC, Jul-62-Jun 63, vol 2, pp 249-250; Atlas F
Weapon System (S), 3 Jul 64, in OSAF 145-6L.,
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Notes to pages 36 - 42

Hist (S), BSD, Jul-Dec 63, p 110; Jan-Jun 6L, pp 32, 72-73; Atlas F
Weapon System (S), 3 Jul 64, in OSAF 145-64; Hist (TS-RD-NOFORN), SAc,
Jul 62~Jun 63, vol 2, P 249-50,

Bprt (S) on USAF Ballistic Msl Prog, including Site Activation,
as of 25 Jan 62, in OSAF 5-62, vol 1.

Bprt (S) on USAF Ballistic Msl Prog, including Site Activation, as
of 18 Feb 6L, in OSAF 11-64; Hist (S-RD), BSD, Jancdun 6L, Dp 82-83;
Hist (TS-RD-NOFORN), SAC, Jul-Dec 63, vol 2, pp 203-04.,

Ltr (8), Chief, Titan System Staff Ofc, DCS/Sys and Log, to SAF,
20 Oct 61, subj: Water Problem at Titan Complex IC at Larsen AFB, Wash.,,
in OSAF 26~61, veol 11; Hist (TS—RD-NOFORN), SAC, Jul é2~Jun 63, vol 2,

pp 253-57,

Hist (S), BSD, Jul-Dec 63, pp 115-18; Jan-Jun 64, pp 85-88; ICRM Test
Prog Quarterly Status Rprt for 1st Quarter FY 64 (S), atch to JGS 1620/
415, 17 Oct 63, in D/Plans RL(63)49, sec 4.

Ltr (S), Msl System Dev Ofe, Strategic/Defense Div, D/Dev to SAF,
12 Jun 63, in OSAF 34-63. 4

Ltr (8), DCS/Sys and Log to SAF, 27 Mar 63,. subj: Minuteman
Safety Prob; Memo for Record (S), Exec - Secy, DSMG, 13 Mar 63 » Subj:
Minuteman/Autonetics Mgt Mtg, in OSAF 34-63,

‘Hist (TS-RD-NOFORN), SAC, Jul-Dec 63, vol 2, pp 187-89, 191-92.
HHist (TS-RD-NOFORN), SAG, Jan-dun €2, vol 1, pp 170-71; Jul é2-Jun 63,

vol 2, pp 223-24.

. Hist (TS-RD-NOFORN), SAC, Jul 62-Jun 63, vol 2, pp 223-24; Jul-Dec 63, -

vol 2, pp 173-74: Hist (Ts-RD), D/Plans, Jan~-Jun 63, p 142.

Memo (S), Mil Asst to SAF for Asst SAFs (Matejriel), (R&D), ang

(FM), 11 Mar 63, subj: CINCSAC Briefing on Accelerated Msl
Reliability Test Prog, in OSAF 35-63. :

Hist (TS-RD-NOFORN), SAC, Jul-Dec 63, vol 2, pp 179, 182, 229; Mins
(S-RD), 72d DSMa Mtg, 27 Sep 63, in OSAF 175-63. »

Hist (TS-RD-NOFORN), SAC, Jan-Jun 64, vol 2, pp 214-16,

App to encl of JGS 2056/302 (s), 21 Feb 62, subj: Determination of Opl
Reliability Factors of Strategic Msl Systems, Dec on, 21 Feb 62, in = -
D/Plans RL(62)49, sec 1.

Hist (TS~RD~NOFORN), SAC, Jul~Jun 63, vol 2, pp 212-13,
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SM-500~-63 (S) for the Service Chiefs, CINCLANT, CINCPAC, CINCSAC,
17 Apr 63 (revised 26 Oct 64), in D/Plans RL(63)49, sec 2; Memo for
the Record (U), D/Ops, n.d., subj: Documentation of the ICEM Test
and Eval Prog, in D/Plans RL(63)49, sec 3.

Memo (5), Mil Asst to SAF for Asst SAPFs (Materiel, R&D), and
(FM), 11 Mar 63, subj: CINCSAC Briefing on Accelerated Msl
Reliability Test Prog, in OSAF 35-63,

Guidance Memo (S), C/S USAF to Comptroller of the Air Force, et al.,

2L May 63, subj: Msl Reliability Prog, in OSAF 172-63.

Rprt (S), USAF Guided Msl Prog, Including Site Activation, as of
13 Jun 63, in OSAF 172-63.

Hist (S-RD), D/Opl Raqmts, Jan-Jun 6k, pp 51~52; WSEG Evaluation of

Strategic Msl Systems (S), Quarterly Status Rprt for period 1 Apr-
30 Jun 64, in D/Plans RL(63)49, sec 5.

Memo (S), D/Ops to SAF Ofc of Legislative Liaison, 1 Oct 63, subj:
Test Launching of Msls from Opl Sites, in OSAF 34-62, vol 2; Hist
{'S-RD-NOFORN), SAC, Jul-Dec 63, vol 2, pp 155-61.

Guidance Memo (S), C/S USAF to Comptroller of the Air Force et al.,
24 May 63, subj: Msl Reliability Prog, in OSAF 172-63; Memo (S),
SOD for CJCS, 9 Nov 63, subj: Rprt on Feasibility of Peacetime
Launch from ICEM Opl Sites, encl to JCS 1620/411-2, 12 Nov 63, in
D/Plans RL(64)49, sec k. .

Encl (S) to JCS 1620/411-2, 2 Nov b4, Feasibiiity of Peacetime Launch
From Opl ICBM Sites, revised by Dec on 11 Nov 6.4, in D/Plans RL(64)49,
sec 4. ‘ . S -

Talking Paper (TS), D/Plans, on JCS 1620/383, 31 Jan 63, in D/Plans
RL(63)49. ' -

Encls A and B (TS) to JCS 1620/38L, 7 Feb 63, Reliability of Strategic
Msl Systems; Dec on, 12 Feb 63, in D/Plans RL(63)49, sec 1.

CSAFM-201-63 (S) for the JCS, 10 Apr 63, Msl Reliability and Accuracy
Factors for SIOP Planning; Talking Paper (TS), D/Plans on JCS 1620/

- 392, 9 Apr 63, in D/Plans RL (63)L49, sec 23 Memo (TS), D/Ops for C/S

USAF, 31 Jan 63, subj: Reliability of Strategic Msl Systems (JCS 1620/
383), in D/Plans RL(63)A49. :

JCS 1620/392 (TS), & Apr 63, Msl Reliability and Accuracy Factors for

SIOP Plamning, revised by Dec on, 20 Apr 63, in D/Plans RL(63)49,
sec 2. . ’ . . SR
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Notes to pages 46 - 52

Memo (S), Mil Asst to SOD for CJCS, 25 Jan 64, subj: Ballistic Msl
Reliability Factors, encl to JCS 1620/426; JCS 1620/426-1 (TS), w/
encls, 28 Jan 64, same subj, revised by Dec on, 30 Jan 64; CSAFM
67-6L4 (TS) for the JCS, 27 Jan 6L, same subj, in D/Plans RL(6L) 49-3.

Senate Hearings before the Subcmte on DOD and the Cmte on Armed
Services, 88th Cong, 2d sess, DOD Appropriations, 1965 (U), pt 1,

. pp 307, 753-54. .

Ibid., p 772.

House Hearings before Subcmte on Appropriations, 88th Cong, 2d sess,
DOD Appropriations, 1965 (U), pt 4, p 158.

Memo (TS), SOD for CJCS, 21 Mar 64, subj: Sys Dependability, atch to
JCS 1620/L37, 23 Mar 643 JCS 162Q/437-1~(Ts), 7 May 6k, w/encls and
apps, S5ys Dependability, revised by Dec on, 22 May 6. and by .
Corrigendum, 8 Jun 64; Memo (TS), D/Ops for C/S USAF, 18 May 6, same
subj, in D/Plans RL(64)49; D/Ops Background Paper (S) on Dependability
of Weapon Sys (JCS 1620/441-2), 12 Sep 6k, in D/Plans RL(64)L9.

" CHAPTER IIT
Van'Staaveren, pp 29-32.

Memos (S), BSD Penetration‘Panel to Comdr, BSD, Nov 62, subj: Rprt No
3 of USAF BSD Penetration Prog Panel, in OSAF 5-62, vol 7; L. Lees to

* Comdry BSD, 9 Oct 61, subj: Rprt No 1 of USAF BSD Penetration Prog Panel,

in OSAF 26-61, vol 11.

Mins (S-RD-NOFORN), 23rd DSMG Mtg, 23 Jan 62, in OSAF 154-62, vol L.

Ibid.; Mins (S-RD-NOFORN), 1lth DSMG Mtg, 10 Oct 61, in OSAF 38-61, vol. 3.

Memo (S), DDR&E for Asst SAF (R&D), 14 Dec 61, subj: FY 63 Penetration

Aids Prog, in OSAF 26-61, vol 1k; Mins (S), 28th DSMG Mtg, 9 Feb 62, in

OSAF 154-62, vol 1. -

Ltr (S), Asst DCS/Sys and Log to SAF (R&D), 4 Oct 62, subj:
Ballistic Msl Re-entry Sys, in OSAF 5-62, vol 5.

Memo (S), SOD for SAF, 8 Feb 63, subj: Re—entry Sys for Atlas F
and Minuteman, in OSAF 172-63.

ARPA Rprt (SfRD—NOFORN), Penetration Capabilities of U.S. Ballistic
Missile Systems, Feb 62, pp 14~51, in OSAF 5-62; WSEG Rprt No 59 (Ts),

1963, vol 1, pp 2-3, in OSAF 172-63; ILtr (S), Aeronautics and Msl Branch .

to D/Plans, -29 Oct 63, subj: Queries on Strategic Msl Prog in
D/Plans RL(63)49, sec 4. ' ~ ~
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10.

15,

16.

17.
i8.

19.

20,

21,

22,

Memo (S), L. Lees to Comdr, BSD, 9 Oct 61, subj: Eprt No 1 of the
USAF BSD Penetration Prog Panel, in OSAF 26-61, vol 11.

Mins (S), 18th DSMG Mtg, 17 Nov 61, in OSAF 38-61, vol 3; Mins (S),
29th DSMG Mtg, 13 Feb 62, in OSAF 154-62.

Ltr (5), Comdr, AFSC, to C/S USAF, 3 Mar 62, subj: Proposed Ballistic
Msl Re-entry Sys Concept, in OSAF 5-62.

Memo (S-RD), DDR&E for Asst SAF (R&D), 2 May 62, subj: Re~-entry Sys
Prog, in OSAF 5-62, vol 2; Hist (S8), D/Opl Rqmts, Jan-Jun 62, pp 94-95;
Jul-Dec 62, p 52; Hist (S), BSD, Jul-Dec 63, pp 70-71.

Memo (S), Asst SAF (R&D) for Vice C/S USAF, 8 Jan 63, no subj; Ltr (S),
Asst Vice C/S USAF to Asst SAF (R&D), 6 Mar 63, subj: Maneuvering
Ballistic Msl, in OSAF 34-63; Hist (S), BSD, Jul-Dec 63, pp 72-73.

Memo (TS), DDR&E for Asst SAF (R&D), w/atch rprt, 19 Sep 62, subj:
Penetration Aids and Ballistic Msls, in OSAF 5-62, R "

Mins (S-ED), L8th DSMG Mtg, 8 Aug 62, in OSAF 154-62, vol 4.

Memo (TS), DDR&E for Asst SAF (R&D), w/atch rprt, 19 Sep 62, subj:
Penetration Aids and Ballistic Msls, in OSAF 5-62; Mins (S), 56th
DSMG Mtg, 28 Nov 62, in OSAF 154-62, vol 4; Memo (S), Asst SAF (R&D)
for DDR&E, 12 Dec 62, subj: Re-entry Sys for AF Ballistic Msls,

in D/Plans RL(62)49. ' ‘

Memo (S), DDREE for Asst SAF (R&D), 19 Apr 63, subj: Mk-12 Re-entry
Sys Dev, in OSAF 34-63. E

Ltr (S), Weapons Plans Branch, D/Plans to DCS/Ops, 28 Jan 63, subjs _
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