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FOREWORD

This is the sixth in a series of histories outlining the planning, '
formulation of policies, and technical innévations that have made
possible the evolution of the Air Force ballistic missile program.
The earlier studies are: Plans and Policies for the Ballistic Missile
Initial Operational Capability Program; USAF Ballistic Missiles,
1958-1959; USAF Intercontinental Ballistic Missiles, Fiscal Years
1960-1961; USAF Ballistic Missile Programs, Fiscal Years 1962-1964;
and USAF Ballistic Missile Programs, 1964-1966. T

The current study, covering fiscal years 1967 and 1968, does not T
attempt to examine in detail the existing features of the operational
Minuteman and Titan systems, although a brief description is provided
to assist the reader. Fach section is intended as an integral essay,
an approach which, though it results in some duplication, spares the
reader the annoyance of thumbing back and forth in pursuit of elusive
cross’ references. Among topics the author covers in this narrative
are Air Force efforts to reduce missile system vulnerability, the
reentry system and penetration aid programs, and advanced missile
developments.

yr e

-RICHARD A. GRUSSENDQAF

Major General, USAF
Chief, Office of Air Force History
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and Grand Forks AFB, N.D., respectively. Wing V consisted of four

I. THE OPERATIONAL FORCE

kl

I A"‘.,_

-

{,,) WENUEBNNIIE At the start of fiscal year 1967, the Air Fopce

intercontinental ballistic missile (ICBM) force consisted of two dissimilar
systemsf Minuteman and Titan II. 'The latter was built around the LGM-25C
misgile, used- a storable liquid fuel, and was launched from a protected silo
by an electronic signalv sent through buried cables.from an underground control
room. This Strategic Air Command (SAC) missile had a range of up to 6,115
nautical miles. . Two nine-missile Titgn squédrons were located at each of
three bases: Davis-Monthan AFB Ariz.; Little Rock AFB, Ark.; and )

1 SO

McConnell AFB, Kan., -
[u)“ The solid-fueled Minuteman also operated from an
underground complex. ‘Because it had-been modified even as the first
prototypes were being deployed, Al\ﬁ.nuteman came in various models with
maximum ranges of about 5,000 to 6,200 nautical miles--depending whetkir
the misgile was the LGM-30A, -30B, or. -30F. A network of six wings--
composed of 19 squadrons, each with 50 Imssﬂes——and one 1ndependent
squadron emanated from $ix support bases m the north and Acentral United
States. . Wing I (thre-ae squadrons, 150 launchers) plus the indepe";ldent
squadron (50 1aunche:;-s) were based at Ma]_mstrom AFB, Mont.  Wings II,
II1, IV, and VI, each possessmg three squadrons a:ad 150 1aunchers, were

based at Ellsvvorth AFB, S. D., I\hnot AFB, N.D., Whlteman AFB, Mo., .
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2
squadrons and 200 launchers and -was based at Warren AFB, Wyo.




Weapons for Assured Destruction

a) - -
In April 1967 the total number of Air Force ballistic

[

missile 1aunchers--—inc1uding those under repair or off alert for other reasel‘fr}v—

reached the previously planned total of 1,054, a thousand Minuteman and 54
Titan. In addition, a pair of Titan I test sites at Vandenberg AFB, Calif.,

were on war alert at least part of the time. The Minuteman force attained

its peak numerical strength on 21 April when the last of 50 Minuteman sites

was turned over to the 1ndependent Squadron--also called the 20th squadron--
3
at Malmst.rom.

(u)_ Equipped with the LGM-30F, this Minuteman' I

squadron was ‘distinet from Malmstrom's three Wlng I squadrons. The latter

worked with the oldest of the three Minuteman mlssﬂes, the LGM-BOW%&B .
initially had the shortest range (4, 800 nautical miles*). Other Minutemén I
units--in Wings II through V--originally were équipped with the LGM;BOB.

s ﬁaxﬂnum range was 5,500 nautical miles and, unlike the A model, it was
brogrammed to shift from one "memorized" target to anfsther on receipt of a -
coded sigl.lal. Wing VI and the independent sqﬁadron oi)erated the.advanced
LGM- SOF which had a range of 86,200 nautical miles and could be launched

agalnst any of e1ght previously programmed targets. Also,- their Minuteman II

launch facilities dlffered from the others in that they were better protected
4
from blast.

e [ November 19686, ’che Air Force had begun a
modermzatlon brogram to give older elements of the. Minuteman force the same
basic characteristics as the Minuteman I system. Modermza’clon actlwtles

started at Wlng IV at Whiteman AFB and were completed ih October 1967. A

*Later increased to just over 5,000 nautical miles.
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similar pro;ect began two months later at Malmstrom to update Wing I.

Until the flve wmgs had received F missiles and undergone extensive

5
modification, some Minuteman I units would remain in the operational force.

CM USAF plans called for the eventual elimination of Titan II and
the introduction of Mlnuteman III, which featured the LGM-30G missile Wlth
an entirely new third stage and a post boost vehicle (PBV) capable of releasing
several reeniry vehicles, each against a different target. Specifications for
the G series called for a range of "7, 500 nautical miles but the weapon had
yet to prove it could travel this distance consistently. Th’e Office of Secretary

of Defense (OS]j) planned to incorporate Minuteman III into the operational force

~ without permitting the total number of Minuteman silos o exceed 1, 000. During‘

Jénua:ry 1974, the numbeér of Minuteman II would a;;proach 660-—the ]imitA for
the foreseeable future--with Minuteman II making up the balance. °

(_o)m The Air Force, however, hoped for a Minuteman force that,
at least temporarily, would exceed 1,000." This expansion depended up&n
cc;nstruction of so—called' "dual capable facilities, " ﬁnde;ground launch
complexes designed to withstand ear;th shock of 3,V000 pounds per square ihch
and- capable of accommodating either Mnuteﬁan OI or the proposed ac}vanced
ICBM (WS-120A). In tﬁe spring of 1968, the Air Force favoreq“ installing
Mmuteman IIT in 150 of these facilities, a course of actlon that would bring
the total Mlnuteman force to 1,150 sites during fiscal year 1974. Hopefully, .
the adyanced ICBM would begin appearing in fiscal yeax‘ 1875. 'This‘system
would repléce. Mingtema‘n III at the dual capable s.ites, reducing the total
Minuteman force to 1, 000, and the Minuteman III equipment thus released
would take the 'place of Minuteman II in three of ‘the_"older squadrons. At
this time, Air Force plannérs were discus‘sing fhe deployment of 280

) . 7
advanced ballistic missiles by the end of fiscal year 1977.
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(U) No shift in American missile strategy occurred during fiseal years
1967 and 1968. In one of his last statements as Secretary of Defense, before

leaving that post in February 1968, Robert S. McNamara declared that ;
19
American Security stlll rested upon the country s "clear and present ablllty '

1o destroy- the attacker as a viable 20th Century nation"” and its unwavermg
cwill"” to reply to an attack by loosing this destructive fury. Mr. McNamara

continued to refer to the ability to vaporize an urban society as' "assured
8
destruction. '

(U) In his statement, the ‘Secretary again dismissed the idea of

'

" increasing the size of the strategic force for the purpose of damage limitation--
that is, retaliating againsi; military targets rather than urban industrial ones
in the hope of reducing the damage inf]icted upon the ‘United States. Indeed,

he now appeared to define damage hmltatlon almost exclusively in terms of

- .
N

. defense agamst enemy missiles. He denied that a defensive system 'no

matter how extensive, ! could by itself insure full protection in a war between
the United States and Russia, but he nevertheless recommended the  deployment
of : a "thin" screen against missile attack. This type of defense, he said,
would protect America's assured destruction force against sirprise attack by
the Soviet Union and also limit the damage that might be done to the United

States by Chinese, rather than Russian, missiles. Because the Chinese

- intercontinental ballistic missile force would remain small for several years--

he maintained that Peking would not attain an initial operational capability until

"the early 1970's"-~Mr. McNamara reasoned that even a "thin" defense would
N . 9 -
be highly effective through the 1980's. S '

(This page is UNCLASSIFIED)

fa




e sprenst, e o e sy

O SRR RO R e g e

i

>
g

{
i

Bt SR e =

g

e
it

Titan II
b‘ After 19 launchings, Titan II operational testing came to an end
in April 1966 and was succeeded by a follow-on operational test program
involving the firing of six missiles a year. Since Mr. McNamara did not
intend o purchase replacement missiles after fiscal year 1966, steady .
attrition would eventually exhausAt the entire Air Force inventory of Titans.
OSD officials, howéver, were unwilling to ax'zvait the inevitable disappearance
of this Weapoﬁ,A and they advised the Air Force of a tehtative plan to begin
retiring Titan during fiscal 1971. Apparently OSD reasoned that Titan II,
because of its large yield, would attract. enemy ﬁiSsiles and therefore 'be;
less likely than Minuteman or the Navy's submarme ll’llSSl].eS to survive a

10
first strike.

[d> _ When advised in early July 1966 of the possible phaseout

of Titan II, SAC countered with the argument that it was a unique weapon
which comblned long range with great weight lifting capability. The command

sought, without success, to interest the Air Staff in furthervimproving Titan

* by developing either a warhead ful{y hardened against nuclear effects or a

System for dispensing multiple reentry vehicles, such as would be carried by

Minuteman IIIL. Headquarters USAF, however, did support SAC's argument

.‘that Titan IIfought to remain operational until a similariy poweriul weapon,

11
such as the advanced ICBM, entered service.

C/'D” Before 1966 ended top defense officials had come to accept the

"Air Force view that Titan was too valuable a weapon to be hastily cast aside.

Initially, OSD guidance called for all 54 missiles to depart by the end of

fiscal year 1973. In September 19686, Secretary of the Air Force Harold Brown
proposed slowing the process by retiring one nine-missile squadron each year

in fiscal years. 1971 through 197 3, with the remaining three squadrons to go




—‘
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i

during fiscai year 1974. Within the Air Force planning went ahead to execute
this revised schedule, and SAC officials--who had studied the phaseout
proble‘m in terms of age of the missiles, dis.,tance from targets, and condition
of -equipmen —-decided that the squadrons at Davis-Monthan AFB would be the
first to go, followed by those at McConnell and finally the two units at iLittle
Rock. Concerning this activity, Secretary Brown pointed out to OSD that by
spending a@bout an additi{onal $2 mil]i;an in fiscal year 1968 and also slowing
the pace of follow-on operatipnal testing, the Air Force could postpone the
retirement of Titan T until 1_975. Mr. McNamara approved this proposal
on 22 November 1966 and the tentative schgdule was altered to call for the

.

‘departure of three squadrons, one each in fiscal years 1971, 1973, and 1974,
. 19 .

and thg other three in fiscal year 1975.

¢ ‘4‘.)“ Review of the retirement schedule continued into 1867.
In February, OSD indicated that only half the Titan force would. be eﬁminated
by the end of June 1975. A By October it had been decided to keep all 54
missiles in service through fiscal year 19’73,' with the c.;losing down of one
squadron tentatively set fér the following year.. As of mid-1968, it was not

13
clear what would happen after 1973.

Cg}“ In ﬁght of the forthcoming retirement of Titan II, the Air

 Force was reluctant to spend large amounts to protect the system's Mk-8

reéntry vehicle against nuclear detonation effects. Although a $50 to $60
million hardening program of this ifype was diéapproved, the Air TForce did
proceed with two projects 1o protect the Titan launch complexes. They

were Yard Fence and Loggy Ebb, originally called Low Ebb. Begun in

- 1965, Yard Fence'was aimedlat improving the reliability of equipment

installed at Titan II sites. Work done under this program included adding,
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neutron shielding and acoustical lining and fitting néw seals around blast
doors. 'The project was to have been completed in the spring of 1966, but
a silo fire near Searcy, Ark., in 1965 killed 53 civilian workers and
compelled the Air Force to suspend work. i The last of the silos located
around Little Rock AFB was not modified until February 1967, and activit;y'

15
continued at other sites until November.

(U) Inﬁestigation of the Yard Fénce accident disclosed that a small
portable generator had restored electricity at the Searcy site aftef_ the fire
‘had disrupted commercial power and averted an even worse conflagration.
This current kept the ventilation and air conditioning systems functioning.
and thus prevgnted propellant heating and expansion and bursting of the
storage tanks. SAC therefore .;r‘equested and p‘ortable generators were

provided for all Titan i sites, though some had less output than the
. 16
command desired.

(“D' 'Loggy Ebb, the other major project, was designed to provide
protection against electromagnetic pulse, an. effect of nuclear explosions
that could damage vital electrical equipment. During the summer of 1987
workers at Li.ttle Rock began installing surge arrestors to pr'é)tect Titan O
circuits, ' generators, and buried cables. USAF plans ca]léd‘fbr completion
of Loggy Ebb in October 1968 at Davis-Monthan AFB. Y

. (U Loggy Ebb coinc'ided with modifilcations to strengthen the longerons
that held the Titan II missile to the thrust mount inside the silo. Cracksin

these longerons first came to light in July 1966 during a routine inspection

of one of the Titans. “Although the cracks might reduce the ability of the.

. *See Bernard C. Nalty, USAF Ballistic Missile Programs, 1964-1966

(TS-NOFORN) (AFCHO, March 1967), p 17.




missile to withstand ground shock, they were not considered particularly
dangerous since they .neither prevented the weapon from remaining on alert
nor interfered with launch procedures. A SAC inspection of the entire
operational forée of 54 missiles revealed 13 with evidence of this type
of stress corrosioq. Contr_actors_;‘ continued to minimize th‘e effects of
these cracks, but SAC nevertheless obtained approval for reinforcing the
103:1gerons.1

(i—ib The transition of Titan II from operational to foliow»on opera-
tional testing brought a reduction in the annual number of launches from
lmdenberg ‘and enabled SAC to request that at least one of the three "I‘itan
complexes at the base be added to the alert force. A nuclear safety panel
agreed to shift the complex from training to operational status, Provided
SAC took certain brecautions against ‘accidental launch during exercises or
tests at adjacent silos. The 395th étrategic Missile Squadron, 'Whicl;l was
responsible for the Titan area, received instructions to maintain one site on
alert and use anothér exclusively for tests, while the third alternated between
the two assignments, spending roughly nine months of the year on alert. At
the end of June 1968, both launchers were included in the strategic offensive

19
force.

Minuteman: Problems of Men and Money

Cq) ‘

Program ran short of skilled system managers and funds. Gen. James

} During fiscal years 1967 and 1968 the Minuteman
Ferguson, Commander of the Ajir Force Systems Command (AFSC), was
especially concerned about the reassignment, after extremely short tours,

of officers whose scientific, engineering, or managerial skills were essential




to supervise the continuing Minuteman research and development effort. A
major factor contributing to .this problem was the transfer to flying dutiés in
Southeast Asia of qualified pilots working in the Minuteman System Program
Office and othér important management pbsts. Possibly relatéd to this turnf
over was the gradual blurring of lines of managerial responsibility. For
example, the Aerospace Corporation-—which \;as assigned the job of system
engineering and technical direction—-seemed, in Air Force eyes, to have

. 20
encroached upon the rightful preserve of the Minuteman office.

(u)M To stabilize the Minuteman staff, General
Ferguson directed that the required number of officers be assigned, insofar
as possible, to complete four-year tours of duty. Anv AFSC study, prepared
at the direction of the Air Force Chief of Staff, resulted in other actions.
For inst‘ance, the program office was reorganized to proﬁde for more
centralized control, and the Aerospace Corporation began withdrawing from
Minuteman development to concentrate exclusively on advanced reentry Systems.z1
(L!') "WEREN G:aining control of rising Minuteman costs was another purpose
of( this AFSC management survey, which also reviewed existing c_ontr‘acting
Procedures and financilal techniques. One activity given close scrutiny was a
program to end Mlnuteman II NS-17 guidance and control unit fall;lres This
undertaking was expected to cost a total of $68 million during fiscal years 1968
and 1969. Some of this money could be saved, AFSC officials maintained,
through ca;c-eful supervision of the cont?actor, accepfaﬁce of a mean time
between failures of 2,200 hours (less than half what was desired), and possibly
*22 )

by greater competition for production contracts.

Cd)“ The proposals offered by the Systems Command might help

ease the financial strain, but could not end it. The fact remained that fiscal

*For a discussion of the NS-17 problem; see below pp 15-16.




year 1968 funds allocated by OSD--about $907.5 million--fell some $289 million

10

short of covering every aspect of that year's Minuteman program. Additional
costs were incurred in correcting shortcomings in the NS-17 guidance and
control unit, providing greater protection against radiation and other nuclear

) 23
effects, improving penetration aids, and resolving various difficulties.

4 ) -— To keep the program within the financial limits imposed by

: OSD, an Air Staff panel made three main suggestions. The Air Force should:
40

,g’ . (1) delay Minuteman III's initial operational capability, originally set for July
i

1969, until July of the following year; (2) posipone the completion of force

R na—

modernization from October 1972 until October 1973; and (3) wait a year before

[ 1 . ‘ £
beginning work on a solid post boost propulsion system for use with Minuteman

S

- II.and the lightweight Mk-18 reentry vehicle. Other of the panel's proposals

ke

called for deploying the basic Mk-1 Minuteman penetration aids in January 1968

as planned, introducing an improved version two years later, and completing
) : 24
the heavy Mk-17 reentry vehicle development program as planned.

(q)_ As the weeks passed, the financial pressure on Minuteman

seemed to grow worse. The research and development deficit, reckoned at

some $72 million in May 1967, was calculated a month later at $112 million.

-

The revised figure included the previously tabulated costs of system improve-

ments and also reflected unexpected deficits in reentry vehicle development‘_
and’a possible requirement.for funds to im?estigate and correct a recently
discovered inaccuracy that seemed characteristic of Minuteman. In écknowl—
edging these funding problems, Robert N. Anthony,-‘ assistant compiroller for

: 2
OSD, predicted a long delay in deployment of Minuteman III.

- *The post- boost. propulsion syéte;n would be used to position the PRV
prior to successive ejection of the warheads.
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OUNENNN Toking finances into consideration, .Secretary\ Brown studied
ways to achieve the best possible Bala.uce between research and development
actlvities and the immediate needs of the operational force. Indicative of this
approach was his decision on 3 Julj 1967 to postpone Minuteman II for.five
months--from July to December 1969--instead of a year and to suspend
modernization work for five months upon coinpletion of Wing I. The latter
would delay completion of the final wing from October 1972' to July 1973
(rather than October 1973 as previously proposed). The Secretary also directed
the Air Staff to postpone acquisition of the Mk-18 reentry vehicle one year to

July 1972 and to reschedule the initial operational capability of the Mk-17. re-

entry vehicle and Mk~1A penetration aids from January to July 1969. He

Turther authorized an 18-month delay in’ incorporating the status authentication

device--basically a scrambler for cable traffic--into the Minuteman wings,

- and advised that research on the solid post boost prépulsioq system would

. : . 28
receive funds. through the advanced ICBM technology program. -

(ux ST VWhile the l\ﬁnuﬁeman pfogram was being thus revised,

Secretary Broﬁ reviewed for Secretary McNamara the history of the current
financial crisis. Dr. Brown wrote that OSD's decision on the previous year's
budget had ;;roﬁded the Air Force some $181 million less than' it had re-
quested. Among other things, tiqe 'budget reviewers had ignored an Air Force
warning that bringing the NS-17 guidance and control uﬁit to acceptable per-
formance standards would be extremely expensive. "These unfortunate events, "
he continued, were ”b3; no méans entirely. the re;sult 'of 0SD de.cisions. " The
Air Force had been late with its submissions, imprecise in estimates, and
vague in justifying requests for added funds. But the Office of Secretary of -

Defense had, in Secretary Brown's opinion, sometimes ignored "even these
. 27 '
tardy and underestimated amounts."
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Cq)“ Even as Dr. Brown sought to explain the situation, the

Minuteman program underwent further changes. In late November 1967 the

Strategic Air Command urged the Air Staff to allocate money for a number
of new items including radiation sensors, a device to cancel a launch dlready
in process, and so-called "memory augmentation” for Minuteman's airborne

computer. While advocating these additions to the program, the command

opposed an OSD proposal to obtain the necessary funds by cancelling the
Mk-17 reentry system or delaying still further the operational appearance of
Minuteman III. SAC Spgl-{ésmen protested that these actions would "degrade
the Minuteman force' and urged deletion of less important items instead.28
(’u)m Despite SAC's objections, OSD prevailed, and Air Force head-

quarters in December 1967 issued a management directive eliminating the

Mk-17 and delaying the Minuteman IIT initial operational capability from

December 1969 to June 1970. The directive did, however, provide fiscal year

1969 funds for acquisition of the radiation sensors and launch cancellation

5 R A RS s

system desired by SAC. Funds also were provided for work on a high alti-

i N tude fuze, improved system hardness and survivability, and integration of

: f . missile defenses with the strategic missile force. The headquarters imposed i

a $5 million ceiling on Mk-18 reentry system development in fiscal yeai' 1969.

Installation of status authentication equipment was tied to the Minuteman

AT CH TR/ S st Sstmlan S ad

moderniéation schedule. Money for the purchase and installation of the enable

A A

command timer--a safeguard of debatable value against unauthorized launch--
o 29

was withheld, and the future of this device remained to be determined.

(j-")m Despite these cost-saving steps, it appeared uﬁlikely that

Minuteman financing would take a turn for the better during fiscal year 1969.

Although a high priority program, Minuteman was in competition for funds
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with other systems, particularly those having a direct effect on the war in

i Southeast Asia. Contract definition of the Mk-18 was formally postponed

beyond fiscal year 1969, and "produgtion——as distinct from development--of Mk-12

penetration aids was suspended until the need for them could be demonstrated.

Funds remained available for the memory augmentation computer at the silo to
relieve the airbor_ne computer of functions performed before launch, but the
pace of development was expected to be slow. A numbef of other new items
also were likely to be retained, including the radiation sensing network, the

; 30
launch cancellation system, and status authentication equipment.

Difficulties Overcome at Minuteman Operational Sites

C[_;)' During the winter of 1965-1968, the operation of several Minuteman

sites was disrupted after storms had severed commercial power lines and the

it ety o
SR i

R

R

diesel engines that were supposed to turn standby generators failed to start.

The refurbishment or replacement of standby power system components began

P

in 1966 with emergency modifications~~principally to the mechanism for switch-

NPT
Rz Dl rreist

ing automatically to internal power--in Minuteman Wings I through V. The

first series of alterations was scarcely under way when it was" discovered

that the new switching mechanism was overly sensitive to ﬂuctua‘tions in

" commercial current. The solution arrived at was to a;‘range a two-secqnd
delay between sensing a change in voltage and shutting off outside power. If
the weather &or some deféct in the commercial systeni cause;i a minor
variation in current, normal power vs;'as expected “to return within that time;
if the fluctuation persisted, the system would shift to standby power before .

31
any damage could be done.
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CLD' Interruptions Qf electrical power had been unusually freqﬁent at the

14

Minuteman II wing at Grand Forks, N.D. During the first six months of
1966 commercial power failed on 450 occasions, and 126 . times, almost one in
t.hree, the standby system did not work. Although commercial power was
usually restored within a quarter of an hour,. the diesel-powered sysfem was
clearly in need of Iﬁodificationg to make’ it more dependable. Repairs under-
taken included modifying circiit breakers, replacing diodes and relays in
generator circuits and switching panels, and providing diesel fuel pressure
gauges and shut off valves. When thls JOb seemed likely to last through 1968,
the Alr Force directed the Ballistic Systems Division (BSD) to schedule the
work in conjunction with routine facility update.

(d). The repeat:ed failure of the launch site generators also imposed a
severe strain on the storage batterives--32—volt for Miputeman I and 160-wolt
.for‘ Minuteman II--which were used as emergency sources of powe‘r. The
revisions in plans and delays in overhauling 1.:he unreliable diesel system
resulted'-in a continued reliance on eﬁergeney power to do what had been

planned for the standby diesels and exacted a.heavy toll in expended batteries.

The Air Force soon found it necessary to purchase more batteries in order

-to replenish a dwindling supply of spares. Recharging exhausted batteries

was a normal procedure, though the task regquired caution. These emergency
power sources--especially the heavier one used in Minuteman II--could
' : : 33
explode if filled too full with fluid or allowed to overheat.
(.’4 ) W During routine inspections conducted in 1967, technicians at the

Ogden Air Materiel Area, Utah, removed the igniters from sample

*Later absorbed in a new Space and Missile Systems Organization
(SAMSO).
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Minuteman first stage motors and diseovered cracks in the propellant. These
fissures varied from hairline to an eighth of an inch wide, were up to an
inch deep, and extended as far as 12 feet along the long axis of the motor.

Five of the cracked motors underwent static firing, and all performed perfectly.
Those technicians Wi’lo evaluated the tests concluded that the cracks had npl
effect on motdr performance. >
Cu>' By the sunifner of 1966, the Air Force appearc_ad to 'have solved an
especially serious problem--the unreliability of the NS-17 guidance and control
unit used in the LGM-30F missile. The solutioniadopted included modifying
the design, careful handling of the device while in transit to the site, and
cautious starting, especially in cold weather, 1o avoid a “thermal shock'
believed to occur when coolant was added too rapidiy to a unit being brought
to operating temperature. - ‘But despite these actions, NS-17's continued to fail
at an alarming rate. By April 1967, for instance, there were 107 fewer units
on hand for the Minuteman force than plans calleé for; the cieficit was due‘to
the unexpectedly ;arge number und_er repair. '

Qﬂ)“ Because of the importance of these units to the Minuteman II
force, the Air Force asked for and OSD provide'd $13. 7 million i‘pr modifica-

tions to begin in the summer of 1967. This sum, however, tunrn'ed out to be

a little more than a third of the amount needed. Meanwhile, AFSC and

BSD investigators studied_.the performance record ’of the NS-17 to determiﬁe
the circumstances under \;vhich units were failing and scrutinized both the
design é.nd the method of manufacture to identify probable cause of failure.
[u>m The TRW Systems _Corporation,. which participated in the
NS-17 probe, concluded that poor quality control and sloppy workmanship

were amohg the major -causes of failure. Another factor, according to the
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~approach would have eliminated the need for many of the modifications now
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BSD program manger, was that the manufacturer, Autonetics Division of North
American Aviation, had been overly bold in attempting to advance the gcience

of microminiaturized electronics. He suggested that a more conservative

required by the NS-17. As a result of these assessments, Systerﬁs c'ommand
tried /to persuade Autonetics to do a beiter job, mainly by reminding the
firm's executives of the impértance of the Minuteman II system to the nation's
security. ¥ .

L’IJ_ In the.aftérmath of the investigation came improved methods of
prodﬁction and numerous changes in the units themselves. Tach groﬁp of
modifications was identified by a color code, and SAC at one time found
itself with yellow, blue, and red dot NS-17 's in stock. By June 1967, however,
the modifications had been standardized so that there were only two types of
NS;17’S: ‘the old and the new, with the latter having increased r;adiaﬁon
sMeldﬁg as well as other improvements. As a result of the corrective
program,' mean time between failure of guidance and control units increased

from 1,400 hours in March 1967 to about 2,950 hours in July 1968. Some of
. : o 38
the newer units, however, had operated in excess of 4,000 hours.

(fj)’ Ancther problem of yet undetermined gravity appeared in March 1967

when an entire flight of Minuteman I missiles at Malmsirom went abruptly off

" alert. TExtensive tests at Malmstrom, Ogden Air Materiel Area, and at the

Boeing plant in Seattle revealgd that an electronic noise pulse had shut down
the flight. In gffec't, this surge of noise was similar to the electromagnetic
pulse génerated by nuclear explosions. The component of Minuteman I that

was most kru]nerame fo noiée pulse was the logic coupler of the guidance and

control system. Subsequent tests showed that the same part in Minuteman II
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was equally sensitive to this same phenomenon. At the end of fiscal year 1968,

17

however, filters were being installed to suppress electromagnetic effects, ang

. 39
these might also screen out noise.

Modifications to Improve Minuteman Effectiveness

(J>“ Among the modifications under development in June 1966 was
t«he enable command timer, a device to provide additional insurance against
unau‘chbrizéd launch. This electronic timing unit made certain that, in the
event of a break in communications within the wing, a period of time would
elapse before a launch control center received authority to enable* its missiles.

This delay gave wing headquarters an opportunity to restore comtact if the

- break was accidental or to arrange for other control centers to cancel the

enabling conﬁmand if it had been issued deliberately by two combat cfews
collaborating to circumvent normal procedures.

(‘Q)m The proposed system, modified to give an airborne launch

.controller the same degree of access to the individual launchers as the under-

ground launch crews already enjoyed, Ppassed its tests during June 1967, Ag

of December of that year, the Air Force pblanned to install the modified

command timer in Wing VI and one squadron of Wing I  Afterward, installa-

-

tion would insofar as possible coincide with the incorporation of the status
authentication system. When, if ever, this work would actually begin was
uncérfain. At the close of fisecal year 1968, funds for the enable command

40 .
timer were being withheld. ’

*Four switches controlled the status of the missiles: enable, inhibit, lock,
and unlock, .- The first alerted the missiles for launch, the second cancelled
the command to enable, the third prevented launch, and the fourth returned
positive control to .the combat crew.
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C};) AF The status authentication system was separated from the command
timer installation and linked to another improvement, the launch facility

Processor. This wag 3 general purpose Computer which was to be ‘installed

at the missile silo. This combination not only could encode cable signals
but aiso could serve as a key component in a command and control system for
2 new type of silo‘ anchored in hard rock fo minimize ground shock\and_ able to
accommodate more than one type of missile. * Estim;clted development and
Production cogtg were $92.9 million for status authentication ang $235. 6 million

41
for the launch facility Processor,

and the Army units defending them would require new computers at every. silo
to supplement or replace_ihe existing ones. There was a ‘possibility, hoWe;rer,
that cable conversation would be ummecessary and that a s;mple coded command
could tell the computer at the missile site Whéther or nc;t to launch. If no

exchange of data were needed, an increase in the number of plates in the

memory bank would brove adequate. While the Air Force was collecting

additional information on the relé’cionship between offensive and defensive

' Systems, it became interested in using the launch facility Processor to

: 42
supplement the airborne computer installed in the missile itself.

et

&

iy,

(Li) TSy 1 the computer currently in use at the silo, the airborne

, computer was Operating near capacity in storing instructions for Minuteman Ir.

*See Chapter 1V, Pp 58-61, - -
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However, Minuteman III--with multiple reentry vehicles, more elaborate pene-

19

tration aids, and possibly the enable command timer--would require as many
as 600 additional words. To forestall inundation of the airborne computer,
SAC reviewed the information currently stored there. One out of 10 words, it
discovered, dealt with preparations for launch, and these might be t;ansfexjfred
to a computer within the silo. .As of the summe:r; of 1968, the answer to
Minuteman memory saturation seemed to be to let the launch facility processor
assume some of the burden being carried by the airborne computer.43

(,..;) M For several years the Air Force had worked on deveiopment of
airborne launchAcontrol centers (ALCC's) as a form of insurance against the
possible desiruction of Minuteman underground control cénters. Late in 1965,
Air Force headquarters had ordered acceleration of this .program. " Work .
proceeded satisfactorily and the airborne system became operational on 31 ng
1967. The Strategic Air Command feported in February 1968 that sufficient
aircraft a‘md launchers had been fitted out with the necessary radio equipment
to permit the ALCC's to launch 476 Minuteman missiles.44
’ CL;Bm Another innovation that came into operational use during 1967
was the emergency rocket communications system designed to ensure that SAC
headquarters coula unleash the retaliatory force during or af’ce;: a nuclear
strike upon the United States. In August 1966, the Air Force awarded fhe
Bendix Corporation a contract to Iﬁanufacture transmitters, capable of broad-
casting automatically for 30 to 90 seconds, to be launched by Minuteman
boosters on high ballistic trajectories. In an 'erriergency, a modernized

squadrén at Whiteman AFB would launch six missiles, three on an eastward

‘trajectory and three to the west. One successful launch in each direéfcion

would provide the necessary coverage. This system attained an initial opera-
: 45
tional capability in October 1967 and became fully operational in January 1968.
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.ﬂ l CU) — The coming of the emergency rocket communications system,

along with improvements in low frequency communications, persuaded SAC

that there no longer was need for high frequency single sideband radios in

every Minuteman launch control center, though the sets might still prove use-

ful in wing and squadron command posts. This type of radio, installed as a
! supplementary link between SAC headquarters and the launch sites, was too
' B vulnerable to nuclear effects to be a satisfactory means of signaling the
B 48 . :

fgf L retél_iatory force into action.

Cu) -— Several other projects studied or actually undertaken during

figcal years 1887 and 1968 represented an effort to protect airborne digital
computers from the effects of enemy. nuclear detonations. These projects were

aimed at deteéting and reporting the presence of radiation, and enabling launch

A g

T o o T

crews to avoid exposing their missiles to X-rays or gamma rays. In the first
category were a high altitude radiation detection (HARD) system and a
propésed trans-attack envifonmental probe. The second category involved a

. . 47
mechanism for postponing launch after a valid command had been given.

SO RS A

Cu)-m ‘The high altitude radiation detector served to indicate

Uiy

the presence of nuclear effects that might inflict damage on a missile during

powered flight, In 1967 the Air Force began work on 2 network of ground

and airborne sensors that could detect and report both radiation and florescene,

SRR

i)}

pr the latter phenomena another indication of a nuclear detonation outside the

atmosphere. The first sensors deployed, costing $30,000 each, were to be

: ;; ' } . installt:ad in five airborne launch control centers and at one underground launch
!2 | ‘ control center in each Minufeman wing. On 1 January 1968 this provisional
§ . system atfained an inifial operational capability, but false alarms caused by
_ o defects in airborne antennas persisted fof about a month before techniciaﬁs
3 could isolate the source and correct it. + .
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&f’-f> WA The provisional system was to f-e supplanted by a network of
hardened sensors, each costing about $1. 8 million. Eventually detectors were
to be 1ocalteci in all post-attack command and control aircraft, all Minuteman
launch control facilities, and at two control centers in each Titan Wing.49
(L‘D AN The so-called trans-attack environmental probe‘,l under study
but not yet approved for development, was similar to a trajectory accuracy
prediction system canceled earlier because of high costs and limited effective-
ness. ~ Whereas the trajectory accuracy prediction device would merely signal
the successful completion of powered flight--an indication, but not positive
proof, that no disabling .radia'tion was present in the vieinity of the 1aunchér—~
the probe reported whether nuclear effects were present in sufficient strength
to cripple the missile. °

{Lg) - I the fall of 1967 OSD released $3.5 million in fiscal yéar

1968 funds to begin development of both the radiation detector and a companion

device called c¢ancel launch in process (CLIP). With existing equipment, if

~the sensor network. should detect hazardous radiation after a launch order had

been received at the silo, the combat crew could not.intervene to prevent the

- missile from huriling upward through the deadly X-rays or gamma rays.

-

CLIP would remedy this failing by providing the crew a method of canceling

51
a launch that could be invoked until the moiment the silo 1id opened.
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d II. TESTING THE OPERA’I’IONAL FORCE

(U) The best known form of System evaluation was the flight tegt in

which a missile fitted with Special monitoring equipment wag launcheq down

the Eastern or Western Tegt Range, signaling to ground stationg detailed
information on its Performance. The ICBM force underwent other types of

test, however. Among fhese were the Spectacular high explosive simulations,

é‘..i)' Once a migsile emerged from research and development testing, it

during follow-on Operational tegigs.

and accuracy factors. In October 1985, however, the Joint Chiefs of Staff

{ICS8) directed the group to -limit itg evaluation to the initial tests of certain
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retained 1ts Iimited respon51b111t1es for test evaluation.

quick reaction alert weapon, the Navy's Polaris A-3, and Minuteman II with

23

the LGM-30F missile. Appropriate commanders of unified and specified
-commands--in the case‘of Air Force missiles, the Commander in Chief,
Strategic Air Command (CINCSAC)-—assumed responsibility for other systems.
Under this arrangement CINCSAC evaluated Mmuteman I and Titan II, then
submitted his estimate to the JCQ:'-for review. In April 1967, WSEG's
director, Vice .:ﬂédm K.S. Maeterson, asked the JCS to relieve his group of
all responsibility for test evaluation because of a shortage of men and money.
The Air Staff, requested to\ comment on the WSEG request, expressed concern
.about the possible loss of the group's "experience, technical competence, and
objectivity. " The Joint Chiefs apparently felt the same way and assured

Admiral Masterson that, assuming Congressional cooperation, the necessary

money would become available. For the time being at least, the group
2

[U) m Four operational Air Force systems underwent one phase

of testing or another‘durlng fiscal years 1967 and 1968. Minuteman I, with

the LGM-30A missile, completed its foﬁow-—on operational semes late in 1968
and awaited retlrement from the operational force early in 1969 Minuteman I,.
with the LGM- 30B missile, underwent follow-on operational tests, anci.
Minuteman II, LGM 30F, began demonstration and shakedown operatlons.

Titan II vvas engaged in follow—on ope?atlonal launches. Of those that remained
under test in the summer of 1968, only Titan II he.d encountered no serious
difficui’cies. .3 .
(d)m Between 11 July and 22 September 1966, a dozen LGM-30B

missgiles were launched in follow-on operational tests of the Minuteman I

system. Seven of the flights ended in failure. An AFSC enalysis group,
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a series of special tests. If they did not disclose the solution, follow-on
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which included representatives from the miési‘le industry, sought to discover
some flaw that might have contributed to all the failures, but no pattern
emerged. On one test, for example, the retro-rockets which were to slow

the third stage after reentry vehicle separation fired too soon, so that their

"exhaust struck the reentry vehicle and propelled it some eight miles beyond

the target. . Two other failures were caused by defects-~a hollow retaining pin

that could not withstand the tension generated during launch and faulty motor

AW

insulatiqﬁ——that already were being corrected. The remainder appeared to be
random failures. A
(;_;‘) G By the summer of 1967, a problem arose with th'eALGM—SOB.
As the weight of its test reentry vehicles increased, the missile became
prc;gressively less accurate. The error was not characterized b;'y the random
enlargement of the impact pattern-~though the pattern tended to become
eliptical rather than circular--but by a shift of the center of this pattern
away fI;om the desired point of impact. Taking into account this bias-—as.
the distance between the actual center of impact and the desired ground zero
was %ﬁ:alled—-—the heaviest reentry vehicles had a circula'f error probable of
1.029 miles. To determine why weight thus ;':Lffected aééuracy, SAC proposed
5
‘cestlng would have to be suspended and a more intensive investigation begun.
(u)m The bias which affected Minuteman I manifested itself during
test flights from Vandenberg AFB into the Eniwetok target complex. To
determine Whéther range was a factor, the missiles were launched toward
Midway, a less distant impact area used since 1966. The Midway series
definitely eliminated.range as a contributing factor, and a check of the launch

sites revealed no survey error that could have caused the inaccuracy.

P T ey o s e
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Consequently, Air Force headquarters approved suspension of follow-on opera-
tional tests in order to begin a series of launchings designed to investigate
the problem. At the end of June 1968, the cause remained unknown. °

(Q”> M- The 1LGM-30F missile eme;ge& from R&D testing with a
record of 20 successes, two partial suécesses, and no failures. Despite this
impressive performance, Secretary Brown ord;ared a delay in starting the
demonstration and sﬂakedown phase. He considered a two-month postpone-
ment to July 1966 necessary to permit maintenance crews to eliminate a work
bécklog--principally the replacement of defective guidance and control units--
é.t the operational sites. The second phase of the test cycle began on 1 August
1966 with a launch that was a resounding succeés. Not only did the missile
perform as planned, but the launch controller succeeded in changing azimuths
prior to launch and the system rejected a launch command deliberately sent

7
before the enable command.

(g)«m Two minor defects soon appeared, howex}er. During subsequent
tests, wet tantalum capacitors, used in the guidance and control unit and in

all three stages, were found to leak electrolyte through defective seals. ' When
pPrimary power was applied during a system test or an actual launching, a
reversal of voltage sometimes occurred:thét short-circuited the« weakened
capacitors. This problem was resolved by replacing the wet cépacitors with ‘
solid onés ‘and broviding for better grounding to avoid the Jltage reversali °
The second minor flaw in Minuteman II surfaced Whén a test missile failed to
lift off despite a proper>command. Inveétigation disclosed tﬁa‘c a safety device,

installed to prevent damage during exercises, had automatically disarmed the

explosive squib which cast off the guidance énd controlAumbilical. A minor

8
modification enabled crews to override the safety device during an actual launch,
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[IJ)—- While these corrections were being made, SAC missilemen
enéountered a more serious problem--a tendency of Minuteman II reentry
vehicles to fall consistently short of the desired point of impact. A hasty
examination by BSD suggested that the cause was a tubular housiné——called a
raceway--that carried cables down the exterior of the missile and passed
closer to one of the third stage thrust terminatibn ports than to another. BSD
technicians theorized that at termination of thrust gases escaping through the
near port struck the raceway (whose position was unigue to missiles fired from
Vanaenberg) and imparted a spin that affected the flight characteristics of the

. 10
third stage and the attached reentry vehicle.

{ U)m SAC advised Air Force headquarters against completing

demonstration and shakedown operations until accuracy proved satisfactory.

" "

It suggested a series of tests to demonstrate whether the raceway was at fault,
to isolate the true cause if it was not, and ito verify the effectiveness of any
<

changes in design or procédur'es. Air Force headquarters, which had ear-

marked a million dollars to solve this problem, accepted SAC's reasoning as

did the JCS. On 9 May, the Joint Chiefs formally instructed CINCSAC to

undertake a ﬁine—missile test program to include two launchings formerly
listed as demonstration and shakedown operations. Missiles thus expended
would be accounted for "in future missile operational test authorizations. nll
[w)m While this special series, called Olympic Trials, was being
run, technical advisers from TRW Sys’cefns Corpofation discovered an error
in transcribing 'thg gravity measurement survey notes for Vandenberg's
Minﬁteman II launch corlf;plex; This, according to the strategic p@él of the

Air Staff Board in Washington, was "undoubtedly the major contribution to
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the inaccuracy of the LGM-30F." Correcting the error brought the probable
12
point of impact sufficiently close to the desired ground zero.

e

{u)_“—At the time of this discbvery, Olympic Trials had not been

i

completed. SAC wanted to go ahead with the remaining two launches both to

AT s
A R R

confirm the findings of the TRW organization and to obtain data that might

aid in the quest to improve LGM-30B accuracy. On 6 January 1968, SAC

representatives discussed the subject with Dr. Robert H. Cannon, Air Force
'Chief Scientist, who suggested that launching an F missile on a trajectory
of 20 degrees might provide data applicable to Minuteman I's continuing
problem. The final Olympic Trials launchings verified that the clerical
error in copying gravitational measurement was at fault as far as Minuteman 3
II was concerned but furnished no cure for the aiments afflict‘ing Minuteman I.1 ’
(u)- Between 1966 and 1968, the Air Forces-‘ test ranges had undergone
changes and further alterations were being planned. 'The first test reentry
vehicles plummeted into the Midway target area in August 1966. This new
complex p;c-ov-_ided a shift in azimuth of nine degrees from the Eniwetok impact
area and offered a reduction of 1,500 miles in range. Because_-of its desire o
to launch on a more northerly course--a track somewhat closer _to the

.

, probable wartime azimuth--SAC headquarters favored the opening of still
14
another impact area, this one in the Aleutians.

I T R N S T T e

Planners at Air Force headquarters also realized
that existing impact-areas, radars, and telemetiry equipment at the Eastern

and Western Test Ranges were inadequate o handle the weapon sjrstems that

would be undergoing test within the next few years. Tor example, Minuteman
II required telemetry monitoring for only three minutes after launch;
Minuteman IIl's LGM-30G missile would have to feport electronically for more

than 11 minutes. An LGM-30G carrying three Mk-12 reentry vehicles might require
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a target area as large as 10,000 square miles; WS-120A, with 28 Mk-18's,
might need 440, 000 square miles. Early in 1968, the Air Force took the
first steps io obtain the additional facilities. Tt awarded contracts for new
telemetry antennas at both ranges and began an ambitious expansion program
at the Western Test Range. At Vandenberg it took steps to centralize tele-.
metry data processing, arﬁo_ng other things by acquiring and modernizing a
Navy telemetry station at Point Mugu, and made plans to move a radar from

15
the Eastern Test Range to Eniwetok.

Tests at Operational Sites

(U-)" March 1965 had seen the first launching of a modified Minuteman
missiie from arioperational site temporarily iselated from squadron control.
An LGM-30B .capable of only seven seconde ef powered flight had leapt from .
a silo at Ellsworth AfB, S.D., soared aloft until fuel was exhausted, and
then plunged to earth. Since this type of Minuteman had perfo?med so well,
planners selected an LGM-BOFI for the next shot in Wha’e was then celled the

16
Long Life series. )

[u)-m The Minuteman II 1auneher for the second Long Life flight
was furnished by the 447th Strategic Missile Squadron aut Grand Forks AFB,
N. D Late in September 1966, the team conducting the test ieolated the
partieﬁlar silo from the squadron’s' cable network and installed an F missile
with seven seconds’ fuel, a functioning guidance and control unit, and a Mk-11A
training reentry vehicle. On 2 October the modified missile went on alert.
The flight was scheduled for the 12th, but on the 5th a power failure occurred
in the second stage. The tes‘c team removed the missile from the s1lo and -
shippedvit to Ogden Air Materiel Area, TUtah, where technicians replaced

. 17
faully components in the electrical system.
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(a)_—‘The repaired missile arrived back at Grand Forks on the 14th !
and went on alert three days later in preparation for a test on 19 October.

Just 40 minutes before launch, the missile again failed. This time the cause

was faulty diodes in a power supply drawer at ;che launch facility. A new

‘drawer was inserted, but on 28 October, seven minutes prior to launch, the

guidance and control unit failed as did a nozzle control unit in the inert third
stage. Ogden Air Materiel Area examined the defective missile and fixed the
blame on leaking capacitors--the same wet tantalum variety that caused
trouble during Minuteman II demonstration and shakedown operations. Because
the extent of the capacitor problem was not yet clear, the 1966 launch effort . .
was suspended. 18

(z/)” No LGM-30F missile had yet undergone a Long Life test. E;\ren (

- before the series of -;failureé at Grand Forks, the Stra‘cegic Air Command had
wanted to follow the Wing VI test with a similar seven-second flight from a
modernized silo. However, a survey of Whi’cemém AFB, Mo., where the
modernized sfstem Was first installed,. disclosed no site from which a modified
missile could safely be launched. 1 As a result, the Air Férce decided to
continue the series, redesignated Giaﬁt Boost m November 1967, by attempting
another launch from the Minuteman II wing at Grand Forks. 0;1 14 August 1968, ;
less tha.k seven seconds before the scheduled time of ignition, the test missile i
shut down for the fourth successive failure in the program. Subsequent
investigation attributed the malfunction to a faulty ‘;:().nnector pin~--it was too
short--that was to have provided electrical contact between the missile and its

ground equibment. The defective pin was one of four that could not be checked
20

by remote control during the countdown.
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(u)“- Secretary Brown discussed this latest failure with Secretary

30

of Defense Clark M. Clifford, who had succeeded Mr. McNamara in February

1968. They agreed that the Giant Boost test at Grand Forks should be

. abandoned in favor of a seven-second flight from Vandenberg AFB. The

i

California test, conducted on 1 September 1968, was a success. According to
Secretary Brown, it helped dispel the doubts about the Minuteman system
that had arisen among mel-nbers of Congress as a result of the series of set-

.21
backs at Grand Forks.

( d_ Besides pursuing Giant Boost, the Air Force urgec} long-range
flights from operationai silos to impact areas in the Pacific. ' This proposal,
called Glad Game (formerly Wire Net), was not carried out during 1967 or 1968.
Nothing, it appeared, would be done until the Air Force had acquired suffi-
cient safety data from additional LGM-380F launchings, analyzed the hazards
attendant on such a flight, and obtained the necessary airborne and earth-

- 22
bound range and safety equipment,

The Effort to Reduce Missile System Vulnerability

(u>m For some time the Air.Force had béen concerned about the
vulnerability of mis'siie systems to the effects of nuclear blasté, which en-
dangered both launch complexes and missiles in flight. For example, the
silos and launch control \centers were more vulnerable to shock (overpressure)
and electrbmagnetic pulse than to bombardr;ient by X-rays, gamma rays, and
neutrons, while missiles and reentry vehicles tha_L’c had ‘survived within the
silo emerged to face the menace of electromagnetic pulse and various forms

of radiation. By timing the bursts of nuclear weapons high above the silos,

an attacker could theorétically create a radioactive barrier capable of
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crippling any unshielded missiles, a possibility that might force a defender to

postpone his own launchings. Similarly, there was some concern that the
first warheads to detonate on an enemy target might create a radiation barrier

5 )
which would disable the reentry vehicles following after.

(u}m For some time the Air Force had studied the problem of

protecting launch sites. Its most Spectacular experiments, the high explosive

simulation tests (HEST.’S),. helped to determine their vulnerability to earth
shock from nuclear detonation. The essential element in these tests was a ]
grid of primacord attached to a wooden frame that was centered over the
launcher or launch control facility. A plywood platform covered the frame,
and the earth was heaped upon ’chig roof to 'prevent~the force of the explosion
from escaping upward. Through the progressive detonation of the explosive

cord, the sort of rolling earth shock characteristic of nuclear weapons was

2
produced. 4

(U}-u The first simulation test--during which a Minuteman I

launcher survived pressures estimated.at 300 pounds per square inch--was

conducted near Warfen AFB, Wyo., in December 1965. 1In th.e' éecond test
detonation at Warren in July 1968, .the launch control facility coﬁtinuéd to
function despité a blast that exerted a farce of 1,000 pounds per square inch.
The third test, on 22 September 1968, squected a Minuteman II launch facility.
near Grand Forks,‘ N.D., to overpressures estimated at 1,000 pounds per
Square inch., Although the launcher remained opel;ational for 72 minutes

i‘oilowing the blast, the facility suffered severe damage.

common in the region, and a high water table contributed to displacement and

flooding of the underground launch equipment room and some flooding in the

Loose soil, apparently '
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tube itself. Normally, the water within the launcher could have been pumped

32

out, but the movement of the shock—mounted floor of the equipment room had
been viclent enough to break the emergency power line, leaving the pumps

useless. The shock wave also forced mud into the air conditioning system,

dlsabhng it and insuring the gradual overheating of delicate electronic equip-

ment. Mud buried the batteries that provided emergency power but did not
25

disable them.

{ d)m The three tests disclosed numerous Weaknesses within
Minuteman launch complexes that made them vulnerable to earth shock For
instance, a blast might crush ducts or force dirt into brine strainers 'thus
depriving electronic components of the air conditioning they required. Floodi_ng.
was a clear thréat, creation of toxic gases in the launch control center was a
possibility, and the loss of emergency power could not be ruled out. Sub-
sequently, the Air Force initiated a so-called shock improvement effort which
included some changes in the design of pipes, blast valves, conduits, and the.
like, but consisted for the most part of correcting faulty welds, insuring
sufflclent cable slack, and otherwise adjusting existing equlpment The
estimated cost was "$49.5 rmlllon.26 |

ﬁ)—u Following the third test, AFSC suggested aba.ndéning the program,
but Gen. John P. McConnell, Air Force Chief of Staff, directed it to be
con’cj_nued.. One test, labeled HEST 4, was deferred, so the next scheduled
event, again the test of a launch facility at Grand Forks, -was designated
HEST 5. Tentative plans also called for conducting HEST 6 in August 1969
in conjunction with a Giant Boost flight. If necessary, the series could

continue beyond the summer of 1969.
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[L{)—"'To prepare. for HEST 5, the Air Force in October 1967 conducted
a scale model test in the Grand Forks area. Tig principal purpose was to -
correct a flaw in the simulation technique. During the first three tests the
earth covered roof, after being forced upward, had collapsed upon the facility
being tested, thus creating a second shock wave belie&ed stronger than the

first. The revised procedure employed during the scale model test caused

the d_ebris to scatter, reduced the secondary joli, but did not interfere with

28
creation of the rolling shock wave.

(q)" The next full-scale simulation test, HEST 5, took place on

5 September 1968, again near Grand Forks. The’ preliminary report indicated
that the launcher withstood the earth tremor far better than the silo complex
tested two years before. Even the air conditioning system performed ade-
quately after the explosion. The test crew shut down ;che missile for inspection,
returned it to alert for 11 hours, and then eubjected it to a launch exe:c‘cise'.29

(U>'m During the second of the HEST exercises at Warren, three
launchers went off alert for experiments designed to improve methods of
measuring electromagnetic pulse and calculating its effects. The measuring
techniquee refined at Warren, employed at modernized si£es near Whitemen
ATB, provided evidence that high voltage pulses, sueh as might be produced by
e nuclear blast, could break down elec;crical surge arrestors and disrupt the
hardeneé cable network linking the silos to the launch control centers. Electro-
magnetic pulse, it was found, could knock out cable communication within a
flight, although in some circumstances an autometic restart device would
restore the command link between launcher and control console. - To ever-
come this threat, steps were taken to insert electronic filters in the cable

network to protect it against electromagnetic pulse and the false signals.
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Installation of the,ser,dgyi_ces became_a part of force modernization. Cost was
placed at $5.4 million in fiscal year 1968 $4. 6 million in 1969, and $7 million
" in 15’70. %
[d)m To counter the threatlposed to inflight missiles by radiation,

the Air Force had directed installation of zircalloy shielding to prevent hot

sy

: R X-rays from penetrating the LGM-30F's guidance and control mechanism and

burning out its electronic components. By the summer of 1966, however, tests

showed that tantalum shielding offered the "best compromise for effectiveness

11

and weight.” Air Force officials estimated 170, 000 pounds of tantalum sheet,

roughly . 025 inches thick, would be required to protect the guidance and control
31

units of all F missiles, replacing zircalioy where necessary.
(u) SO Besides providing protection for the guidance and control
package from X-rays, the Air Force approved the installation of radiation
shielding elsewhere in the rr}issile. Certain nozzle components, for ezxample,
were vulnerable to X-rays. Also, -the angular accelerometer and related

: . 32
electronic guidance circuitry had to be kept secure from neutron bombardment.

( U)'m’ The second nuclear phenomenon that menaced missiles in

flight was electromagnetic pulse. Tests conducted during summer and fall of

1966 disclosed that safeguards previously installed against this nuclear effect
were inadequate. In the LGM-30F, for example, existing grounding and
shleldlng did not protect antennas and 1nduct1ve loops that were especially

vulnerable to electirical overload. Modifications to provide additional protection

were undertaken, while experiments continued to verify the adequacy of the
) 33
changes and to determine if other alterations were needed.

powered flight opened the way for a new tactic. As has been indicated, an

The effect of nuclear detonations on missiles during

: . SRR T aﬁ.m
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. devices mentioned earlier--the high altitude radiation sensor, the cancel

Tl

— |
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attacker, by detonating warheads some 300,000 feet above the silo that
protected the Minuteman force, could create a radiation barrier--X-rays,
gamma rays, and neutrons~-through which U, S. missiles could not safely
pass. 'This tactic was called "pindown’ because it would force SAC 1o

. 34
delay launching the retaliatory force until after the radiation had dispersed.

[l/)-“—-ln March 1967, the Director of Defense Research and
Engineering (DDR&E), Dr. John S. Foster, Jr., requested the JCS to
examine its "operational doctrines” to determine if the influence of a pindown,

\
whether the result of a direct pindown attack or an inadvertent by-product of

any nuclear \exchange, could be minimized. In addition, he inguired whether
if pindown could not become an effective American tactic "in case Soviet
missiles. .. exhibit a serious radiation vulnerability. "35
61_/)_‘ The '"inadvertent by-product" of which Dr. Foster spoke
included the possibility that too Amany reentry vehicles might plummet into
the same area within too short a time, so that detonations of the first would !
release radiation capable of disabling the arming and fuzing circuits of later
arrivals. In SAC jargon, the accidental "killing' of warheads within the
attack force became "fratricide,” which the command did not consider a
particularly serious problem. Unless extra shielding was installed to protect
the circuits, the solution lay in timing the launching of missiles so that the
cloud of radioactive dust caused by 01:1e wave would dissipate before the next
36

reentry vehicle arrived.’

The JCS responded to Dr. Foster's request with a

series of briefings, held during May, which outlined several proposals for

countering the pindown threat. These included installing the three new
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: \ *
launch in process device, and the trans-attack environmental probe. The

.briefings also disclosed that the fly-by-wire (mechanical linkage) guidance

systems and the analog computers used in Soviet missiles did not seem
37
vulnerable to pindown.

i

/H)-_ The changes suggested to Dr. Foster were simple and

would serve ag interim measures until a detection network was fully estab-
lished. When completed and tied in with other systems, this net would
provide information on the pattern of enemy attack and predict Whgre pin-
down was likely to occuri In the meantime, the JCS proposed to delay
launch as soon as pindown was detected and resume the countdown when the
radiation had diésipa’ced. A second interim sugggstion, which cc;uld not be
put into effect without a revision o'f national policy, was to fire at least part
of the rgtaliatory force either ﬁpon Warning of an attack or in the event of
strikes against missile warning radars, even if outside the United States.

{ ”)m Discussion of pindown continued. Dr. Alexander H. Flax,
‘Assistam: éecretary of the Air Férce for Research and Development, called
Mr. Brown's attention to the possibility that the very defensive system
deployed .to disable enemy reehtry vehicles streakingutbward missile launchers
iﬁ the United States could be equally as deadly to L/Iij;uteman missiles as they

rose from their silos “bound for targets in other continents. He suggestea a

© war game to 1earn the effect of pindown during a nuclear conflict. His main

recommendation, however, was to harden Minuteman so that it could survive

" the radiation caused by a defensive anti-missile system. "f we can do this,"

38
he declared, "the Soviet pindown threat should be secondary.”

*See pp. 20-21.
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[ L/)w Concerning the possible TU.S. pindown of enemy missiles,

Secretary McNamara on 6 December 1967 directed the Air Force to initiate
work on a high altitude fuze ito be incorporated into 150 Mk-11C Minuteman

g reentry vehicles. This device, first discussed as a means of disrupting Soviet

i
H
i
i

defensive radar, repregen’ced a hedged bet as far as pindown was concerned.
The Defense Atomic Support Agency, which had advocated development of the
fuze, pointed out, however, that vulnerability to pindown depended upon
missile construction, and detailed information on the construction of the
Soviet weapons was not available., Apparently the'Air Force soon concludéd
that information of this sort would not become available in the neaf future.
Within six _months it had suspénded work on the Mk-1I1C fuze, although it

retained the option fto provide one for .the Mk-18, a reentry vehicle that had
39

not yet beg‘u.n development.

2
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IT. REENTRY SYSTEMS AND PENETRATION AIDS

(Z/).— The Advanced Ballistic Reentry Systems (ABRES) program--managed
by ‘;he Air Force for the Department of Defense-——co{n’cinued to provide data
applicable to various existing systems and to lay ‘th{a technological foundation
for future development projects.. Emphasis was upon reentry systems that
could digpense several low or moderate yield warheads against individual
targets. Penetration aids, especially for reeniry vehicles already in service,

formed a major part of the program. Besides small muliiple reeniry vehicles

and penetration aids, ABRES planners and engineers worked on.materials for

" reentry systems, maneuvering vehicles and similar new designs., the radar

signatures of different vehicles, low angle reentry systems, warhead arming
and fuzing, vulnerability and hardening, and terminal guidance.

(‘ U\) XN During fiscal years 1967 apd 1968, -the SAMSO project office
concentrated upon two aspects of the program--solving certain problems that
had arisen in the use of small reentry 'vehicles and improving the ability fo
penetrate enemy defenses. The two merged in the multiple independently-‘
targeted reentry vehicle (MIRV),',an idea for using several small reentry
vehicleé to foil missile defensés. Test flights of A}BRES devices continued
at Vandenberg AFB, using full-scale systems, and from Green River, Utah,

where scale models were launched toward an impact area at White Sands,
N. M.

ABRES Projects

[ﬁ[)m In October 1967 SAMSO successfully completed a maneuvering
ballistic reentry vehicle test program, which demoﬁstrated that such a

vehicle could execute terminal maneuvers. This program had gotten off to
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& poor start when the first two launchings from .Vandenberg failed, the first
in August 1966 because of booster malfunction and the second in March 1967
because the inertial measurement unit in the reentry vehicle did not WOJ;‘k
properly. On 29 July, however, a reentry vehicle wag successfully 1a1mched
and Mmaneuvered as planned to strike a target some distance from the aiming
point. The maneuver involved a "pull-down" 10 nautical miles short of where
the vehicle would otherwise have struck. On the fourth and final shot, on

14 October 1967, the vehicle successfully performed a "pull~up/pull-down

and out of plane” maneuver to strike 20 nautical miles short and 10 nautical
miles to the right of the aiming pomt 2 "
( U) RN Aficr the maneuvermg vehlcle had thus demonstrated itg
capability, the Director of Defense Research and Engineering on 5 March T
directed the .Air Force to begin déveloping a prototype maneuvering vehicle,
with terminal guidance, that could simulate™ the Mk-12." He proposed to
start the program as part of ABRES for fiscal year 1969 and then set up a i

separate Program element for fiscal year 1970. SAMSO submltted a technical , ,‘

development plan in May 1968 which was under rev1ew by DDR&E at the end
3 . .

of June.

()

to have continued Wlth a 1aunch to demonstrate that a booster could actually

s
=

The boost glide reentry vehicle program - was

perform the pitch-over maneuver reqmred to place such a vehicle on a
suitable tra;]ectory. Unfortlmately, the booster failed durlng an October 1968
test flrmg but a similar experiment in May 1967 was a success. In the

interim, however, ABRES officials had reekammed the project and concluded

-*Nalty, USAF Ballistic Missile Programs, 1964-1966, p 33.
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that it had "no clear technological applicability to potential maneuvering
systems." Since immediate cancellation would have saved only a small
. ' fracfion of the fotal cost, the Air Force eiected to proceed with three
Ly lamnches already planned. '
( 1-/5 SRR TT o first launch of a functioning boost glide
reentry vehicle took place in November 1967. The flight, however, came
to an abrupt end when the range safety equipment inadvertently destroyed
the vehicle approximately three seconds after separation from the booster.
A second test flight, on 27 February 1968, was a complete success. The
vehicle changed i‘rom a ballistic track to a glide path as it neared the

impact area and was only two seconds behind schedule when it struck the

ocean some 4,000 miles from the point of launch. Since this flight had
achieved all the prbgram objectives, the thirdAlaunch was canceled.

(U) SN The year 1968‘saw work beéun on the so-called bre—
damaged vehicle program in which reeniry syst;ems exposed to simulated
nuclear effects were launched down the Western Test Range. A Mk-12,
damaged to .represent bombardment by cold X-rays wiaile passing outside the

atmosphere, yielded information on how a reentry vehicle exposed to th_ls

sort of radiation would behave while descending from 500, 000 feet to the

point of impact.

f§ Chaff experiments, which were carried aloft by sounding

rockets- at White Sands and Kwajalein .and Atlas boosters launched from
Vandenberg, also were conducted during the period. The MK-1A chaff

system, which carried prestressed titanium foil, proved more effective than

Mk-1 bag chaff and the improved system was selected for development. .
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An advanced chaff dispensing techniques program was begun and some test
6
flights were completed.

(u‘)—“ At the Green River launch site, encouraging advances were
recorded in. Athena reliability with severai dozen firings, all but two
successful, including both "triple" and "dual” launches. The gloomy days
of 1964, when Athena failures had for a time outnumbered succésses, seemed
only & memory. ABRES experiments carried on these flights included,
among other things, a fuzing and arming device, a Navy-sponsored reflector
deoéy, an advanced atmospheric decoy, an experiment dealing with radar
"signatures, " and a "hard point" decoy for the Advanced Research Projects
Agency. !

(J) EEEE) Toward the close of fiseal year 1968 SAMSO studied the
possible .advantages of developing an improved Athena booster (H model) to
support ABRES beyond 1975. Completed in May, the study was submitted to
Air Force Headguarters in June 1968. Among its conclusions were that:

(1) the more powerful Athena H was required for future ABRES payloads,
possibly including Mk-18 reentry vehicles; and {2) the cost of Atlas launchers
for ABRES Wouid increase when the Army stopped using them i'n 1970 since

-8
cost-sharing would cease and, with fewer launches, expenditures would rise.

OSD officials during the period chose ABRES as a prime target for budget

In the search for ways to reduce expenditures,

cuts. Part of the program's reduction in its funds was attributable to the
completion of various undertakings, but it was mainly because of using
Vietnam costs that ABRES suffered a financial drought.  RDT&E funds, for
example, sagged $10 million between fiscal years 1966 and 1967, some 331

million between 1867 and 1968, and a projected $1.5 million between fiscal

L
i
i
5
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1968 and 1969. The total budget for fiscal year 1968 declined during the
course of the year from a planned $125 million to $120 million and finally to
$106.5 million, a figure that included $2.8 million for the operation and

9
maintenance of radars at. White Sands.

Programs Related to ABRES

. (u:> WEMENENNR Two programs--Nike targets and the §eﬁ—aligning boost and
reeniry (SABRE) system—;were closely related to ABRES. In the former, the
Air Force designed, developed, and launched a x.rariety of reentry vehicles

to aid the Arﬁiy with its Nike missile defense system. Test bodies fired
from Vandenberg to Kv’r‘ajalein provided the Army with data on methods of
picking out an incoming warhead from among decoyé and employing an am?i—
missile system against it. This continuing program, for which $7 mil]ioﬁ
was available in fisca_:L year 1968, called for the firing of 52 missiles, 46 of
them surplus Minuteman ICBM's, over a five year period. Fourteen of the
launchers would involve "Jjoint-use' payloads fired as part of the ABRES

. 10
program or during Minuteman or Titan II operational tests.

KU)MThe SABRE project, initiated in 1964, was aimed at providing

the Air Force an advanced ICBM guidance‘ system. Designed to guide multiple
independently targeted vehicles through a 100 "g" reentry maneuver to strike |
W1th1n 600-900 feet of the target after traveiing 5,500.mi-1es,.it differed .
radically from the standard inertial guidaﬁce device. SABRE featured an

inertial measurement unit (IMU) floating within a spherical shell which

eliminated the gimbals--shafts or bearings upon which a normal unit rotated--

_ found in the ordinary system. The floated unit needed no external auto-

_collimator to maintain vertical alignment since it was gyro-stabilized. The




. advantages of these features was that SABRE could be aligned along any azimuth
i 1
and could shift target instantaneously upon receipt of the proper command.

i (L/)— During the period, however, the project encountered the sort
th 1

of financial difficulties experienced by ABRES. The Air Force fequested $13

million for SABRE in fiscal year 1968 but instead was allotted $6 million.

As a result orders for additional gyros were canceled, aerospace support was
reduced, and the test program at Massachusetts Institute of Technology (M.I.T.)

i was postponed. Meanwhile, evaluation of early test data, including a centrifuge

test of an IMU which subjected it to 42 times the pull of gravity, indicated i
12 .

that the SABRE system would exceed the hoped-for accuracy.

R

Reentiry Vehicles

W I June 1966 the Air Force was at work on three new Minuteman
e

P
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reentry vehicles. During the next two years one was canceled,  while work

|

t
- f{'

H

continued on the other two;j h »?“?
. ) ' |

( u}-ﬁ- Attaining the desired Mk-17 weight, something SAC insisted o

g et

upon, proved difficult because of the requirement to include greater protection A

against nuclear effects ;than originally planned. By November ‘1"966 engineers

- had successfully trimmed some 36 pounds from the Vvehicle, but it still

%

sk

weighed 938 poundé, 38 more than was acceptable. In December the Atomic

*The Mk-17 included an ascent shield, a phenclic silica nose cone and : i
primary heat shield, an attitude control system, and a 675-pound warhead. ’
Cémmle_;'_l_ts made by officers of the Missile Systems Division. Directorate of
Development, HQ USAF, indicate that 900 pounds was "somewhat of an
emotional number" and that "poor personal relationships across the interface'
between Air Force and AEC caused a misunderstanding about the importance of
this specification. Fortunately, "This was rectified (without change of personnel)
and the two groups jumped on the problem, " trimming "some 36 pounds' from
the estimated weight. [Atch B, to Lir, Ch, Msl Sys Div, Dir/Dev, to AFCHO,

11 Jun 869, subj: AFCHO Historical Study. ] .
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Energy Commission (AEC) Directorate of Military Applications called the Air
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Force's attention to a lightweight fuzing and arming system being investigated.
by Sandia Corporation. The diregtorate believed such a device would reduce
the system's weight without reducing the warhead's mass or total yield.

AFSC soon dispelled this i]lusion, howevér. Its studies indicated that the
alternative fuzing and arming system not only involved serious technical risks
but, even if successful, would save only about 17 pou_nds.14

(.’J> m In July 1967, following a review of the entire Minu‘cema;
program, Secretary Brown recommended that Mk-17's eniry into service be
delayed six months until July 1969. While action on this recommendation

was pending, in September the Director of Defense Research and Engineering

announced that Poseidon would not carry the Mk-17, or the smaller Mk-12,

as had been planned. Both would now be for the exclusive use of the Air
15 '

"Force.

{L_i) WIEENIS As time passed, the Office of Secretary of Defense became

convinced that Minuteman expenditures would have to be cut still further, and

‘the Mk-17 reentry vehicle became a logical candidate for extinction. It

originally had been designed for so-called "damage limiting" attacks against

targets such as missile sites whose destruction might reduce the damage
inflicted on the United States. OSD officials, however, considered limiting
damage less important than "assured destruction’--i.e., the ability to

respond to nuclear attack by destroying the urban industrial foundations of

an enemy's society. Although the Mk-17 was intended to be slightly i’nore

- powerful, somewhat more accurate, and a great deal less vulnerable to

nuclear effects than the operational Mk-1IC, the differences were such that

the new system could not do .2 markedly better job of assured destruction.
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As a consequence, Secretary McNamara on 8 December 1967 announced

18
s cancellation of the Mk-17,

E‘; . . D@ 'é:
5 b

I
" The Mk-18

T s

was fo serve in multiple independently targeted vehicles for either Minuteman

I or the proposed advanced ballistic missile. In January 1967, the Air

R

Force decided to begin development in 1968 in order to achieve an initial

operational capability (IOC) in July 1871. At the end of the year, however,

shortages of funds caused Secretary Brown to recommend postponing the I0OC

to July 1972. The Secretary of Defense accepted the proposal, Which. meant

dela.yingr the start of Mk-18 development until Fiscal year 1969.1'7

(u} _ Scarcely had instructions for the year’s delay been issued ;
than the Space and Missile Systems Organization suggested December 1872 . ’
as an appropriate date for Mk-18's initial operational capability. Although

"SAC considered the weapon a 'significant improvement over Mk-12," it

expressed a willingness to do without the Mk-18 if funds would be provided to

expand Minuteman's computer "memory."” Since OSD seemed willing to

postpone the program, further slippage of the date for initiating work on the
18

system appeared Aprobable.

Cancellation of the Mk-17 and delay of Mk-18 left the Air Force

with the Mk-12 as the only new reentry vehicle under full-scale development.

i 9

e

§ 0=

()

The PBV with its post boost control
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system, was a reentry vehicle dispenser able 1o direct each Mk-12 at a
different target. In this fashion, the Mk-12 served as a key component of

19
a new multiple independently targeted reentry vehicle.

(u)_ Mk-12 flight testing, begun in the spring of 1966, got off to
a discouraging start when the first three test vehicles broke up after re-
entering the earth's atmospheref Examination of data collected during these
tests disclosed several problems involving the nose tip and heat shield. Of
these, the heat shield seemed to have the most serious defect. Technicians
concluded that the resin that held the binding in place melted early in reentry,
thus exposing the edges of the ablative wrapping and permitting the miniscule
ridges to act like turbine bladesA in imparting spin to the reentry.body. As
altitude decreased and 'aAir grew thicker, the spin raté built up to 2, OZOO'
revolutions per minute, a rate capable of exer‘cin;g_,T forces 1,000 times that of

20
gravity and tearing the vehicle apart.

(},{m To help dissipate reentry heat in the fall of 1968 engineers
placed a teflon cap over the Mk-12 nose tip and strengthened the antenna
windows and the vehicle's internal structure. They also covered the heat

shield so that the wrapping formed an angle or less than one-half degree

with the long axis of the vehicle. A Mk-12 modified in this fashion performed /

21
successfully in January 19867.

This success, the first in four attempts, did mot mean
that all Mk-12's ﬁroblems were solved. 3 Although sﬁbseqﬁen’c flights- dis-

closed that the increasing rate of spin and resulting buildup of destructive
forcesnno longer occurred, thg Mk-12 still had to contend wﬁ'th the loss or

reversal of spin. If rotation stopped or reversed, the vehicle suffered no

structural damage, but it did stray from its planned trajectory. Indeed,
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the dispersal pattern could become so erratic-"—up to 3,000 feet exclusive

: ) 22
of booster error--as to be unacceptable for a warhead of only moderate yield.

/4)” Minor” additional chahges in the nose and nose cap

helped ease this newest problem but did not guarantee satisfactory accuracy.
m the summer of 1968, the Minuteman System Program Office endorsed a
proposal made by the General Eleciric Company. The firm's technicians
suggested increaging the. programmed rate of spin frorh one to two revolutions
per second, a simple change that would all but eliminate the likelihood of a
vehicle's losing or reversing its spin. This proposal was under study at the

23
end of the period.

Lemcrtig RS ” e PR B T

@f) SRR Cost of the Mk-12 development, méénwhile, soaxl;ad dramatically.
From 1963 through 1967, the total value of contracts rose from é148 mi]lion to
some $306 million. Much of the increase WE—.S due to n;gotiated changes.

These included: two increases tp brovide hardening against nuclear effécts,
$13.5 and $23.9 million: pénetr'-ation aids, $68.8 mil]ion; adjustments té
provide. for the projected use of multiple independent reentry vehicles, $44.8
million; and changes resulting from the selection of a new third stage for

Minuteman III, $30.8 million. Also included in the total was a $16.4 million

increase negotiated in 1963 to permit the use of Mk-12 with the Poseidon

Doz

b(




fleet ballistic missile, an effort later abandoned. Of the total increase of

48

over $158 million, slightly more than 10 Per cent was atiributed to increased
overhead on the part of co:n'.'tratc:tors.z5

{ u)_ Pending completion of Mk-12 development, the ICBM force was
dependent on. two reentry systéms, the Mk-6 for Titan II énd the Mk-11

series for Minuteman. Two problems affected the latter. A routine inspection
of warheads used in the Mk-11A disclosed cracks in certain polyethelene tubing
that could cause a loss ;>f air pressure in the reentry vehicle. This, in
turn, would lead to a breakdown of electrical circuits and a misfire. To
correct th'e defect, a new type of tubing more resistant to corroslion was
placed in production in November 1967 and plans were made to replace the
defective tubeé. The other problem, also solved by substituting an improved
component, involved the failure of the elecirical circuit used to trigger
ground bursts. The culprit was an argon tube that aged more quic‘kly than

: ’ 26

anticipated. It was replaced by‘ a more Sserviceable neon bulb.

(f.s) EEERNEREIRS /< financial and technical problems with the Mk~17 and

other reentry vehicles developed, the Air Force became concerned about the

possibility of a shortage of Minuteman reentry vehicles sometime in fiscal
year 1968. To- avoid this situation it decidec} toj modify‘m—ﬂB’s into more -
satisfactory Mk-11C's by, . among other things, providing additional shielding
fc;r the arming and fuzing circuits. . By the end of June 1968 some 80

Mk-11B's were rebuilt in this fashion, and 91 new Mk-1I1C's left the production

" line. At this time the Air Force had on hand 151 of the C model, not quite

one-third of the 494 to be either rebuilt or nianufacturéd. The large number

was deemed necessary because of the OSD decision to cancel Mk-17 and. use
27 :
Mk-11C in its place.
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Penetration Aids

[u>— Fitting Air Force strateg';c missiies. with penetration aids
proved a slow process. By mid-1967 thé Titan II's, which carried decoys,
constituted the only portion of the fleet that was so equipped, but work was
in progress to install tumble rockets on 160 Minu‘cemaﬁ I's at three bases.
This modification, which was 1o be completed during fiscal year 1968, Would. \
insure sufficient separation of the reentry vehicle from the third stage to
deprive the enemy defense of a convenient aiming point. Tests also were
in progress at. this time on a chaff dispenser, the Mk-1 penetra;cion aid, for
use with Minuteman. In addition, two more advanced systems, Mk-1A and
Mk-12, were in the process of’ development. “

(1,/)“’ The Mk-1 program made little headway at first. Early designs
required extensive change, and the first tests of the com’ﬁleted system
revealed that the clouds of chaff released from the dispenser did not fully
screen the reentry body and the third sfage from defensive radar. Despite
improvements in the quality of the chaff, the density of the clouds, and the

timing of their release, Mk-1 remained somewhat erratic in its ability to

- conceal the Minuteman third stage. This imperfection was acceptable,

however. Lt Gen Joseph R. Hol;apple, Deputy Chief of Staff f;r Research

and Development at Air Force headquarters, voiced the prevailing sentiment

when he declared that Mk-1 would be adequate against existing Soviet defenses.

The first -Mk-1 units were installed as scheduled .at’ Wing I, Malmstrom AFR,
29 :

in January 1968.

In the spring of 1967, Air Force plammers concluded

that Mk-1 would require extensive changes if it was to counter the types of

radar likely to appear within a few years. For this reason, the Air Force
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I
. E decided to deplpy only 150 Ml?:—l's——lS others would serve as spares——gnd to
b begin development of a new chaff dispensing system, Mk-1A, to join the
strategic force in January 1868. Changes to the Mk-1 electrical system and
j substitution of foil dispe;asers for chaff bags would, in effect, convert Mk-1's

30
into Mk-1A's.

' f:: _ (g{,j)“Although Mk-1A development mox.red ahead without
it encountering serious difficulty, General Mcéonnell became concerned about
the exacting schedule that would have to be met if the new system was to
attain an initial operational capability as scheduled. In February 1968,
.because the Soviets did not seem to be improving their radar as rapidly as
expected, he sﬁggested easing pressures by postponing the debut of Mk-1A
until July 1969. The Air Staff agreed, and in May 1968 Secretary Brown
approved the delayed deployment subject to two conditions. The first,
subsequently rescindéd, required the Air Force to obtain funds to purchase
50 additional Mk-1's for use during the six-month postponement., Second,
the phasing out of Mk-1, scheduled to begin in November 1969, would have‘

31 -
to be postponed three months.

S 1\canwhile, the Air Force had initiated studies to deter-

mine the type of penetration aids required for the Mk-12 reentry systemf

It investigated two concepts. The first, intended to overcome combined

area and terminal defenses, called for 10 decoys and 12 chaff clouds to be
- H
released from a carrier that also contained two Mk-12 vehicles. The second,

designed to cope with high-altitude area defense, employed no decoys.

Instead, the post boost vehicle contained three Mk-12's and 15 clouds of chaff.

The Air Force's ultimate goal was to devise a combination of chaff and

decoys capable of confﬁsing the defenders until the actual reenmtry vehicles
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were about 50,000 feet above the earth, Although development of Mk-12

51

penetration aids got under way, production and deployment would wait until
: 32

oy

intelligence provided evidence that these devices were really needed.

i

[ U>—/— Masking the reentry body in chaff and misleading the defenders

with passive decoys were the two simplest approéches in the development of

penetration aids. Both chaff and decoys were bulk}lr, however, and active

;
¥

jamming devices--more cor.npact though infinitely more complex—~app¢ared

attractive. SAC maintained that more than 300 fciny transmitters capable of

jamming t_he maﬁn beam of defensive radars could be stored in the space {
used by the nine bags of chaff in the Mk-1 system. By the end of 1966,

however, little progress had been made in overcoming the technological

obstacles that blocked the de?relopment of these miﬁia‘ture devices. In fact,

the only experimental jammers tested had proved so heavy, mainly because
' ‘ 33

of their batteries, that ‘thejr'had to bé installed in large reentry shells.
[Mil_e the Strategic Air Command was considering the merits
of using lar;ge numbers of active jammers, the MITRE and Bendix corpora-
tions suggested another method of using radio waves to disrupt enemy radar.
rI“hey proposed to use the emergency rocket communications system--designed
as a last-resort method qf issuing an attack order to the retaliatory force--
to broadcast sigﬁals that would impede enemy radar. SAC, taking about the

same stand as AFSC, rejected the idea because the transmitter used in the

emergency 'system would be vulnerable to the effects of nuclear weapons and
34 :
to other countermeasures.

b Convinced that chaff and passive decoys socon would

become obsolete, SAC urged Air Force headquarters to turn its attention to




52

devising "a system capable of deploying several hundred individual jamming
transmitters covering the required broad spectrums in either separate clouds
or in one giant swarm that may deny all range and velocity information until
the reeniry cloud is within 100-300 nautical miles of the defensive'r-adar. "
Air Staff officials agreed that active jammers of this sort would prove
valuzble, but the development of dependable miniature, transmitters would '
take several years. Meanwhile, experiments with active jamming devices,
already in progress at White Sands missile range és part of the ABRES

35
program, would continue.
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IV. MISSILES AND LAUNCH FACILITIES OF THE FUTURE

(U) Althoug'h‘ the Air Force made satisfactory progress in the develop-
ment of Minuteman III, it failed to obtain OSD approval to begin contract
definition of the proposed Advanced ICBM, WS-120A. Studies of this
advanced missile led to the éonsideration of new and improx}ed launch facili;
ties which could provide_ three times more protection against earth shock
than tﬁe Minutemgm IT system. Inveétigation of the more durable launch
complexes showed the value of having them accommodate either Minuteman III
or the Advanced ICBM, and the Air Force undertook to design 'a dual purpose
launch facility. Other development activities also continued, among them'a

program to perfect a Short-Range Attack Missile (SRAM). '

Minuteman II : ,

[ ‘«9—“’ Two innovations--a posti boost vehicle and. an improved third
stage--helped distinguish Minuteman III from its predecessors. The liquid-
fueled conirol system, which enabled the PBV to maneuver for the release
of the reentry vehicles it carried, became the subject of debate during the
summer and fall of 1966. ‘From the purely technological view*poi.nt, a post
boost system employing storable fuelg similar to those used in ’_[:i‘can II was
the easiest to design. SAC, however, disliked the idea of introducing
liéluids into a 'solid system because of the danger of leaks. In late June 1966
. the command recommended against a liguid .control system for Minuteman III.
It argued that the need to install leak detection gear and to make moré
frequent inspection of alert missiles might "exceed the cost of a parallel

1
solid development. "
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[,,;) WEOEER- The Ballistic Systems Division, which looked into the matter,
later reported that two firms were at work on '"solid approaches” that
showed great promise. = And it seemed a solid system would be simpler in
its workings and easier to store than a 1iquid. post-boost propulsion unit
under development. TUnfortunately, only theoretical calculations had been
completed by these contractors, and neither had done this theorizing with the
new Minuteman missile in mind.2

@/) SN .\ir Force Headquarters accepted SAC's reasoning and in

November 1966 asked OSD for $27.3 million to begin work in fiscal year 1967

.on a solid system to replace the liquid fueled device. However, ‘the system

which was described to the Director of Defense Résearch and Engineering
also would include liquid fueled reaction motors and, in his opinion, would
therefore have leakage and safety prdbler.n:s of its own. Since the choice
appeared to lie betweén a hybrid using both kinds of fuel and a system using

liquids 'only, he directed the Air Force to proceed with the latter, upon which
3
more work had already been done.

(‘g) B8 Although liquid fuels made the task somewhat easier, development

of a reliable post boost control system remained difficult. The July 1969

«

deadline established for the initial operational capability of Minuteman III
allowed little margin. for error. Because the technological risks in the
liquid system were serious, and also partly for financial reasons, the Air

. . 4
Force decided to delay the debut of the new Minuteman until December 1969.

or

emergence of technical problems during third stage development. Air Force

} Another factor contributing to-this postponement was the

management specialists voiced concern that Aerojet General, the firm

responsible for its development, was taking "substantial risks" in order to
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save time and thus benefit from incentive features in its contract. For
example, the contractor could find no reliable way of making sure that the
third stage motor would stop burning upon receipt of a thrust termination
signal. Subsequently, Aerojet General and the Space and Missile Sys‘gems
Organization solved the problem by reversing thrust rather than shutting do\wn
the motor. This method, though it worked sétisfactorily, iJ;lvolved a weight
penal‘ry.5

(U) The development of the more powerful third stage also ran into
cost problems. Thus, when Aerojet General received notice of the five-month
postponement of Minuteman IIT, it submitted an estimate of costs that more
than doubled the price of each third stage motor manufactured. General
Ferguson, AFSC co.mmandgr, concluded that 'the contractor 'bought in!
durin.g competifcion” by submitting too low an estimate and was "now attempting
to recoup his R&D and projected production losses with this contract change.’
The general‘suggested and steps were taken to solicit bids to manufacture the
remaining 392 motors--343 were covered by the earlier contract--from

B

Aerojet's design. The new contract, signed in October 1968, went to 'I"hiokdl.

(d)::m In the meantime, a tight budget forced still another postpone-

-ment of Minuteman IIl's initial operational capability. December 1967

OSD issued a management directive which delayed the IOC from December
1969 to june 1870.  Although the additionai delay was due primarily to a
shortage of funds for fiscal year 1969, the move coéuld be justified by intelli—
gence reports that the Soviet Un.ion was working more siowly than anticipated

7
to strengthen its antiballistic defenses.

()

into the future, Secretary Brown expressed concern to OSD that delays in the

b As Minuteman III's initial operational capability thus receded

o i o
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program and the retirement of aging bombefs would stretch USAF strategic
forces too thin. He felt that the two ‘pos,tponemen'ts to Minuteman III, plus
the need for B-52's in Southeast Asia, were "compelling arguments' for

the retention of four B-52 units scheduled for retirement during fiscal 1969.

8
OSD disagreed, however, and endorsed the existing schedule.

(Lﬁ) IR - £\ |though the Secretary's concern for Minuteman III
was not unjustified, the program did enjoy its moments of triumph. For
example, the first research and development launching, which took place on
18 August 1968, was an unqualified success. The third étage, the post boost
vehicle and its propulsion system, and the réentry shroud performed as
planned, and each of three unarmed reentry vehicles on board hit its target.
[d;m Even before Minuteman ITT R&D test launches got .under way,
Air Force officials discussed further improvements to the Minuteman system.
Two possibilities for more powerful weapons evolved from informal con-
versations within the Space and Missile Systems Organization. One would
consist of Minuteman HI's secoﬁd and third stages, a new first stage, and a
new and much larger post boost vehicle. The second would be the largest
missile--all stages 90 inches in diameter--that could be fired from existing
silos without using some form of "cold" launch suci'; as ejection by com-

. 10
pressed air before first stage ignition.

' An Advanced Ballistic Missile

(o

with the development of the Advanced ICBM, WS-120A, which would be

} By the summer of 1966 the Air Force was eager to proceed

capable of hurling 7,000 pounds a distance of 5,500 nautical miles (later

sk
%k

Earlier,

extended to 6,500 NM) and achieve a CEP of .2 nautical miles.

*See Nalty, USAF Ballistic Missile, 1964-~1866, p 47.
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OSD had provided funds for advanced ICBM .studies and technical develop-
ment, but refused to approve contract definition, the initial step in a formal
development program.

(d) S Secretary Brown had recommended to OSD spending $28 million
in fiscal year 1968 to begin the contract definition phase. The plea fell on
deaf ears because, or so_Secretary Brown Believed, OSD wanted the Air
Force to select a "basing concept” that was 'viable! despite the possible
Soviet use of multiple{ independent reentry vehicles. To meet this supposed
objection, in early November 1966 he advised OSD that studies already
completed showed three kinds of bases that could survive attack by multiple‘
reentry systeins. The advanced missile could soar aloft from mobile trans-
portexj—launchers,' from caissons sunk in pools that were connectedr by canals,
or from silos similar to those usned by Minuteman. He indicated the Air
Force leadership wanted to get on with de{relopi.ng the missile, Choosing the
bestr typé of launcher seemed a lesser challenge, since so many good possi-
bilities were available. OSD, however, stll would not approve development

. il
until the Air Force specified a type of launch complex.

. (y‘) W In December Secretary Brown renewed his reguest,

agking again for $28 million to begin contract definition plus $10 million for
aévanced ICBM technology. As an alternative he suggested that OSD might
provide the full $10 million for the acivanced technology projects in fisecal
vear 19 68 while trimming to $9 rﬁillion the ar'x;oun’c spent on contract
defi.niﬁpn. On 9 December 1966 OSD approved the alternate proposal, which

would spread over two or more years work the original recommendation

would have done in one. The $26 million would have pérmitted an industry

‘competition for the WS-120A contract; the $9 million would postpone
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selection of a contractor until fiscal year 1869, assuming that the balance of
12
$17 million was approved for expenditures in that year.

) (d)_’ Air Force officials meanwhile, continued their studies of possible
t. ' kinds of launchers. Officers from Strategic Air Command headquarters
]

0 witnhessed a demonsiration of a mobile transporter-launcher that, after

¥
]

extensive changes, might serve as a prptotype for a mobile system. The
RAND Corporation had already introduced a water basing concept and a great
deal of time and energy was spent examining the feasibility of encaéing
missiles in portable caissons which copld be towed through a maze of canals
and hidden in deep pools. Neither of these methods, however, seemed
preferable to a gilo hardened to resist overpressures of 3,000 pounds per
square inch, -

(é‘.i") MR In early 1967 Air Force headquarters dispatched a requirements

action directive to AFSC and-.other affected commands, requesting submission

of a preliminary technical development plan by 1 September to substantiate a

formal Air Force request to start contract definition in January 1968, While

work on the plan proceeded, DDR&E on .8 May 1967 published a guidance

letter on the Advanced ICBM, indicating tentative funding of $9 million in
: 14 ) :

fiscal year 1968 for contract definition.

(u>m In late August, General McConnell reviewed the status of the

Advanced ICBM studies and the preferred basing concept-~-hardened silos

capable of withstanding pressures of 3,000 psi. He endorsed this concept

and directed that it be established as the formal Air Force position for the

- Advanced ICBM. Subsequently, the preliminary technical development plan,

f coordinated with several commands, was completed and forwarded to OSD




on 29 September 1867. In October, ilowever, Secretary McNamara dis-
approved full-scale contract definition in fiscal years 1968 or 1969 because
other altei"natives"presumably involving Minuteman III--would be available,

if the Soviet missile threat should prove greater than expected. In December
the Air Force, in an iﬂternal budget action, allocaied $6 million in fiscal
year 1969 to continue work on advanced technology. ”

(u') “The next major USAF effort to gain OSD approval for WS-120A
contract definition came in the spriﬁg of 1968. The Air Force prepared a
new position paper, which suggested starting contract definition in fiscal year
1970 1o achieve an initial operational capability with the Advanced ICBM in
fiscal year 1875. It proposed building a WS-120A force totaling 280 missiles
by the end of June 1977. Under Secretary of the Air Force Townsend Hoopes
forwarded fhe request to OSD on 24 May, pointing out that it would be better
to dévelop a wholly new weapon for 1975-1985 than to continue to try to
'improve Minuteman. Action on this recommendation was not yet completed

16
when the fiscal year ended.

Hardrock Silos

(‘Im The investigation of what sort of launchers were best suited
to the Advanced ICBM had aroused interest in building silos' anchored in.
rock and able to withsté.nd‘shocks up to 3,000 pounds per square inch. As
Air Foi‘ce headquarters was ‘reaching its decision that this x;vas the best
kind of facility for the WS-120A4, Secretary Brown suggested examining the
poséibili’cy of putting Minﬁteman missiles in these new silos. A subseqguent
study disclosed that it would be possible to begin installing Minuteman

missiles and related equipment as early as fiscal 1973, thus providing a
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"hedge" against delays in WS-120A development. The proposed hard rock
launch complexes, because of their versatility, received the grotesque title
of "dual capable facilities.' On 30 October 1967 the Secretary of Defense

17
approved development of such facilities.

( U_ Strategic Air Command headquarters liked the idea,
though with some reservations. First, the command wanted to be sure
that Minuteman IIl's comparatively short range did not restrict the entire
force to bases in the northern ﬁnited States. Second, it insisted that the
3,000 pounds per square inch hardness include a comparable dégree of
protection against radiaﬁon anti electromagnetic pulse. On this second point,
the abproved program--~called hardrock silo development--aimed at providing
"a well balanced nuclear hardness'’ which would include consideration of
effects "other than blast or thermal.” Goals established for the effort were
a silo, suitable for either Minuteman III or WS-120A, that could withstand
pressures of 3,000 pounds per square inch——’cﬁe equivalent of a one-megaton
blast at 1, 000 feet—;and a launch éontrol center able to survive 6, 000 pounds

18
per square inch--one megaton at \800 feet.

()

upon geological conditions as well as military considerations. Tentative

Exactly where the new silos were built would depend

Air Force plans called for the first 10 sites to become operational in fiscal
year 1972, with 100 to 150 Minuteman II's eventually being deployed in the
complexes. When WS-120A missiles became available, they would replace

; 18
Minuteman III at the rate of 140 launchers--one wing--per year.

oy

contract definition, at a cost of $4 mil]ion, in 1968. The .following year,

The proposed Air Force schedule called for starting

for which an estimated $38 million was sought from OSD, would see the
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completion of contract definition and the start of system design, development,
and testing. On 25 April 1968, the Office of Secretary of Defense indicated
that $1.8 million would be available to begin the hardrock silo development

20
program, and the following month it released $1. 2 million.

Other Related Programs-

CL/>— Related to hardrock silo development was the advanced ICBM
and basing program, an Air Force research undertaking that had the objective
of establishing ''a technical base for subsequent...weapon systems' and

advancing ''general ballistic missile technology through the exploitation of

 selected critical technologies. This project included studies of the surviv-

ability of missile facilities and equipment, guidance for independently targeted

reentry vehicles, and new methods of launch ejection. In fiscal year 1968,

working with a budget of up to $5 million, the Air Force placed the emphasis

upon technology to support hardrock silo development. In 1969 USAF officials
planned to concentrate on technical problems associated with the development
of a hardened, high-speed computer for future ballistic systems.21
(y).@ High performance solid rocket motor development had for its
goal the discovery of some lighter Welght substitute for the alumlmzed
propellants currently in use. As reentry systems--with multiple .vehicles,
decoys, and larger warheads--grew heavier, rockets would have to become
more powerful, but existing propellants were very bulky. The designers of
new missiles thus found themselves under constraints because they had to
reduce their products to fit silos of practical dimensions. Lighter weight,
‘more corﬁpact fuels offered a possible means of increasing 1ift without
increasing volume. Beginning in fiscal year 1969, the Air Force planned to

22
spend $1 million to identify and purchase promising fuel ingredients.
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(: u}” Besides the investigation of lighter materials, four other(
research programs dealt with such agpects of rocket propulsion as improved
insulation, new fuels, and improvéd solid and liquid motors. All were
continuing programs.
The Short-Range Attack Missile

( H)m Although sometimes compared to the cancelled

Skybolt, a ballistic missile designed for launching from B-52 bombers, the

Short-Range Attack Missile actually was a complex air-to-ground missile

rather than a true ballistic system. Like the Hound Dog missiles already
carried by SAC bombers, SRAM was to be used either to suppress defenses

or to destroy targets before the aircraff came withip range of defensive
weapons. Unlike Hound Dog, however, the shorter 'range SRAM could be
iaunched on a vériety of trajectories: low-altitude like Hound Dog; near-
Ba]listic, though sufficiently different to frustrate defenses against ballistic
missiles; and finally, .in the so-called "skip trajectory, ""a combination of bo’ch.23
During the summe? of 1966, OSD studied broposed changes in .
the charactefistics of SRAM. Among the issues was whether the Air Force
should omit the skip trajectory in which the missile followed a near-b.allisﬁc
path, .restarted its motor, and continued at low altitude toward the target.

By omitiing this feature, the Air Force hoped to obtain greater range. at low

altitude. MX

z

e R

Such an 1nnovat10n-—espec1a11y if it were accompamed

— st AT

by ~dévice enabling the missile to home on sources or radar waves--would .
increase SRAM'S effectiveness against targets of opportunity. 'The Air Force,
however, was unable ‘co find a homing device suitable for this missile, and

it therefore favored leaving space for a possible future installation rather
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than incorporating an interim device that might be less than satisfactory.
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On 1 July 1966, the Director of Defense Research and Engineering advised
Dr. Flax that all these recommendations had been approved. 24

(u)~ Meanwhile, the Air Force had been evaluating the project
definition proposals submitted in March 1966 by two competing contractors--
Martin-Marietta and Boeing. Not until the end of October did Air Force
announce that Boeing would develop and manufacture the weapon. On 21
November the company received an engineering development and acquisition
contract for some 700 missiles. The original target price was $143. 3 million.
They were to be used initially to _equip the FB-111 force of 525 aircraft and
would provide the option for incorporation into the B-52G and H bombers.
Concerning the latter, ‘the Secretary of Defense on 11 December 1987 approved
modification of two B-52H squadrons to carry the SRAI\/[E.!5

/ o )mAs the development program got under way, a number of
technological problems arose. During laboratory tests at the Air Force
Inertial Guidance Test Facility, Holloman AFB, N.M., the gyros and
accelerometers proﬁuced for use in the SRAM guidance unit failed., Work
began to correct the deficiencieé in design of the guidance and control
mechanism. Ancther annoying I-JI‘Oblem was the lack of compatibility between
the SRAM and the FB-111. For example, it was found the miss:‘;le‘ fin scraped
the rc;of of the weapon bay when the plane was engaged in certain maneuvers.
Moreover, thé kind of instruments desired for the missile exéeeded the basic
capacity of the FB-111 instrument panel. Questioné érose whether the pivoting
pylon devised for the ”svvi\ng wing” bomber -could accommoaate SRAM without

subjecting the missile to unendurable aerodynamic forces. The answers to

these questions hopefully would be _resolved in wind tunnel tests.
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/u)-(-S—G-p-—:)'-)—Besides failure of guidance components and the problem of

integrating the missile with the plane,

engineers suffered disappointments

with SRAM's two-pulse rocket motor. In order to intensify the burning of

the solid propellant, the manufacturer used ferrocene catalysts. These
additives unforiunately tended to crystallize at low tebnperature aoalto escape
at high temperatures from the propellant itself into the insulation lining the
rocket casing., Also of concern were failures of

26
second stage igniter.

the rocket nozzles and the

[”>_.(.S=—Gi+—3+ During the period several drops of a SRAM dummy were

made from a test B-52 bomber. The first from the B-52 pylon was made

on 25 January 1968 over the Smoky Hill bomb range at Salina,
27 .
Mach .6 and 1,000 foot altitude.

Kans., at

/z/> (S—mu_tiumi\l—(}p 37 At the end of June 1968, the SRAM motor still had

not demonstrated its reliability. Propulsion development lagged a half year

behind schedule and threatened to delay the Weapon S appearance in the bomber
fleet, set for February 1870. The slow pace of development did, however,

‘glve the Air Force an opportunity to replace an FB-111 test craft which had
28

been destroyed in a crash. The stubborn problems tha_t plagued motor

development contributed to a startling increase in research and development

costs. By August 1968, SRAM development had cost roughly $149 million,

29
some 42 percent more than ant1c1pated for this period.

(u}-(-&—@_&)a Even as the SRAM program lurched forward, the Air Staff
began thinking in terms of an” air-to-ground missile to replace it when an

advanced manned strategic aircraft entered service. The new plane--under.

study but.not yet approved for development--would require an air launched

missile with much greater accuracy and "wider range of yield options'' for

30
use in "a carefully controlled strategic response.
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24, Rprt@), Strat Panel Mtg 67-22, 17 May 67, in AFCHO, -

25. Ibid.; Memo (U), Robert N. Anthony for SECDEF, 16 Jun 67, subj:
Minuteman Prgm; Memo (TS), Asst SAF (R&D) for Secretary Paul,
19 Jun 67, subj: Minuteman Prgm, both in OSAF 130-87.

| 26. SAF Directive () 67-30, 3 Jul 67, in AFCHO; Memo (S-RD),
' SAF for SECDEF, 20 Jul 67, subj: Adjustment of Minuteman
Prgm, in OSAF 130-67, voll. -

27. Memo (S), SAF for SECDEP, 17 Nov 67, subj: PCR (F-7-090), in
Msl and Space Systems Div, Dir/Production and Prgming F-1.

28. Msg (S), SAC to CSAF, 281919Z Nov 67 (AFIN 17193).
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Lir (S), w atchs, Dep Dir/Aerosp Prgms to Asst SAF (Fin Mgt) \
et al., 15 Dec 67, subj: USAF Decn 67-82, LGM-30 {Minuteman), in i
Msl and Space Systems Div, Dir/Production and Prgming F-1; Rprt :
(8), Strat Panel Mtg 68-I6, 18-19 Apr 68, in AFCHO,

Air Staff Summary Sheet (S), 23 Aug 68, Maj Gen Thomas 8. J effrey,
subj: Minuteman PCR 68-157; Minuteman/Improved Minuteman (S),

31 Jul 88, in Msl and Space Systems Div, Dir/Production and Prgming
PCR 68-157 and B-3. ; :

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2,
pp 423-424; Jan-Jun 67, vol 2, pp 358-359,

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2,
Pp 433-434; Jan-Jun 67, vol 2, p 365,

Ibid,, Jul-Dec 67, vol 2, pp 326-327.

Talking Paper on Minuteman Stage I Propellant Cracks (S), n.d.,
prepared by Msl and Space Systems Div, in Msl and Space Systems
Div, Dir/Production and Prgming B-4.2.1. 1. :

Background Paper on Minuteman II Guidance and Control (8) n.d.,

in Msl and Space Systems Div, Dir/Production and Prgming B-2; see
also USAF Ballistic Missile Programs, 1964-1966 (TS-NOFORN),
(AFPCHO, 1967), p 21. :

Alr Staff Summary Sheet (8), Msl and Space Systems Div, Dir/
Production ard Prgming, 21.Oct 66, subj: Minuteman Guidance and
Control Failures; Msg (S), AFSC to CSAF 2012282 Oct 66 (AFIN 19052)
both in Msl and Space Systems Div, Dir/Production and Prgming B-2;
Lir (S), Comdr AFSC to CSAF, 8 May 67, subj: Minuteman II Guidance
and Control Reliability Prgm, in Msl and Space S ystems Div, Dir/
Production and Prgming B-2, :

Ibid. ; Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67,

vol 2, p 361; Lir (S), Comdr AFSC to CSAF, 8 May 67, subj: Minute-
man II Guidance and Control Reliability Prgm, in Msl and Space

Sys Div, Dir/Prod and Prgming B-2.

Hist (TS-NOFORN-RD-AF Eyes Only), SAC, Jan-Jun 67, vol 2,

Pp 362-383; Background Paper on Minuteman II Guidance and Control
(S), n.d., in Msl and Space Systems Div, -Dir/Production and Prgming
B-~2, '

Ibid, ; Jan-Jun 67, vol 2, p 358; Minuteman/Improved Minuteman (S),
31 Jul 68, in Msl and Space Systems Div, Dir/Production and Prgming
B-3. : ' '
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40.  Chronology (S), Enable Command Timer; Lir(C), Sys Prgm Dep

_ Dir/Mimuteman, to AFSC, 30 Sep 66, subj: Enable Command Timer
Dy ' Program Plan, both in Msl and Space Systems Div, Dir/Production

’ ‘ and Prgming B-3. 10; Hist (TS-RD-NOFORN-AF Eyes Only), SAC,

‘ Jan-Jun 67, vol 2, p 367; Rprt (S), Strat Panel Mtg 68-16, 18-19 Apr 68,
in AFCHO; Lir (3) w atchs, Dep Dir/Aerosp Prgms to Asst SAF (Fin
Mgt) et al., 15 Dec 67, subj: USAF Decn 67-82, LGM-30 (Minuteman),
in Msl and Space Systems Div, Dir/Production and Prgming F-1.

41, Memo (S) for Gen Jeffrey, n.d., subj: Minuteman Launch Facility
Processor/Status Authentication System (LFP/SAS), in Msl and Space
Systems Div, Dir/Production and Prgming B-3.14; Hist (S), Dir/Dev,
Jan-Jun 68, pp 131-33.

42. Litr w atch (S), Dep for Minuteman to Msl and Space Systems Div, Dir/
Production and Prgming, 8 Oct 68, subj: Minuteman Launch Facility
Processor (LFP), in Msl and Space Systems Div, Dir/Production and
Prgming B-3.14.

43. SAF Directive 67-30, 3 Jul 67; Minutes (S), DSMG Mtg 67-3, 22 Jun 67,
both in AFCHO; Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 87,
P 346; Minuteman/Improved Minuteman (S), 31 Jul 68, in Msl and Space
Systems Div, Dir/Production and Prgming B-3.

44, Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 67, vol 2,
p 65; Msg (S), SAC to CSAF, 2315007 Feb 68 (AFIN 49433),

45. Minuteman (LGM-30) Sys Suppox:t Prgm Rprt (S-RD), 31 May 68, in
Msl and Space Systems Div, Dir/Production and Prgming E-1,

48, tr (C), Dep Dir/Comd Control, and Comm, 25 Jan 68, subj: Minuteman
HF/SSB, in Msl and Space Systems Div, Dir/Production and Prgming B-7,

47. SAF Dife'ctive (S) 67-5, 17 Oct 67, in AFCHO: RAD (S) 8-158(1),
6 Nov 67, subj: Radiation Sensor (HARD), Recall (REXX), and Probe
(TEP) Capability for Minuteman, in OSAF 130-87, vol 2.

48. Lirs (TS), Ch, Aerosp Doctrine Div, Dir/Doctrine, Concepts, and
Objectives, to DiJg‘/Opl Ramtis and Dev Plans, 11 Jan 68, subj: Request
for Instl of HARDS in Ground facilities, both in Plans RI(68)49
(1 Jan 68--); Memo (S), SAF for SECDEF, 5 Aug 68, subj: Minuteman
PCR, in OSAF 51-68, vol 4; Hist (TS-RD-NOFORN-ATF Eyes Only),
SAC, Jan-Jun 67, vol 2, p 355; Atch (T8~RD) to JCS 2012/300-7,

21 Jul 67, in Plans RI{67)49 (JCS 2012/300); Hist (S-RD), Dir/Opl
Rgmts and Dev Plans, Jan-Jun 68, p 194. . ’

49,  Atch (TS~-RD) to JCS 2012/300-7, 21 Jul 67, in Plans RI(67)49
(JCs 2012/300); Lir (S), Ch, Aerosp Doctrine Div, Dir/Doctrine,
Concepts, and Objectives to Dir/Opl Rgmts & Dev Plans, 8 Jan 68,
in Plans RI(68)49, V
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RAD 8-158(1), (S), 6 Nov 87, subj: Radiation Sensor (HARDS), Recall
(REXX), and Probe (TEP) Capability for Minuteman, in OSAF 130~ 67;
Atch (TS) to Litr, Ch, Msl Div, Dir/Dev, 11 Jun 69, subj: Draft of
AFCHO Historical Study.

Msg (S), SAC to CSAF, 1920207 Jul 67 (AFIN 52385); Memo w atch
(8), SAF for SECDEF, 5 Aug 68, subj: Minuteman PCR (88-142)
and Titan IT PCR (68-~142,143), in Msl and Space Systems Div, Dir/
Production PCR 68-142, 143,

Chaptefc I

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67, vol 2, p 310.

JCS 1620/470-12, revised 23 Jun 66, w atch, in Plans RI(66)40

(1 Jan~-31 Jan 66); JCS 1620/504(S), 2 May 67 w atchs; Memo (S-RD),
Lit Col John E. Merriman for CSAF, 18 May 87, subj: Assignment of
Studies Dealing w Strat Wpns and Strat Warfare (JCS 1620/ 504-1);
Memo (8), Dep SECDEF for CJCS, 26 Jul 87, same subj, the last
three docs in Plans RI{67)49 (1 Jan-30 Jun 67).

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2,
p 378; Atch (TS-RD) to JCS 1620/470-15, 22 Apr 68; Lir (TS),
Dep DlI‘/ Plans to DC5, Plans and Ops, 14 Feb 68, subj: IDA Rprt

" R-129 Force Structure Implications; JCSM-368-68 (S), 13 Jun 68,

Encl A to JCS 1620/470-19, all in Plans RI(68)49 (1 Jan 68--).

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2,
pp 394-398; Litr (S), DCS, S&L, to CSAF, 29 Dec 66, subj: Minuteman
Test Failures (S), in OSAF 255-68.

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67, vol 2, pp
317-318; Msg (S), SAC to JCS and CSAF, 311600Z Aug 67, AFIN 61607
(31 Aug 67), in Msl and Space Systems Div, D1r/Produc1:10n ard
Prgming B-2, 4,

Hist (S), Msl and Space Systems Div, Dir/Production and Prgming,
Jan-Jun 68, p 48; Msg (S), CSAF to AFLC et al., 2722547 Dec 67;
Minuteman I/II Accuracy Briefing for Strat P: Panel Mtg 17 Jan 68,
prepared by SAC; Msg (S), OOAMA fo SAC, 090014 Sep 67, AFIN
2759 (9 Sep 67), in Msl and Space Systems Div, Dlr/Productlon and
Prgming B-2, 4, .

Memo (8), SAF for SECDEF, 13 Jun 66, subj: Silp in Minuteman II
DASO Program, in Plans RI{66)49-3 (1 Jan 66--); Hist (TS-RD-NOFORN-
AF Eyes Only), SAC, Jul-Dec 66, vol 2, p 399.

Memo (8),. DDR&E for SECDEF, 13 Jan 87, subj: Minuteman II Launch

Failures in OSAF 130-67; Hist (TS-NOFORN-RD-AF Eyes Only), SAC,
Jul-Dec 66, vol 2, pp 431-432,
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Memo (S), DDR&E for SECDEF, 13 Jun 67, subj: Minuteman I
Launch Failures, in OSA¥ 130-67. '

Msg (8), SAC to JCS and CSAF, 0622007 Apr 67 (AFIN 51533).

Encl A w app (S) to JCS 1620/503, revised 9. May 67, in Plans
RI(67)48~3 (1 Jan 67--); Hist (TS-RD-NOFORN-AF Eyes Only),
SAC, Jan-Jun 67, voJ'. 2, p 324-325,

Rprt (S), Strat Panel Mtg 68-3, 16 Jan 68, in APFCHO; Msg (S),
SAMSO to OSAF, 25190027 Oct 67 (AFIN 21832); Atch (TS) to Lir,
Ch, Msl Systems Div, Dir/Dev to AFCHO, 11 Jun 69, subj: AFCHO
Historical Study. ‘ : .

Msgs (S), SAC to JCS and CSAF, 1514487 Nov 87 (AFIN 65735);

(S) CSAF to AFLC et al., 111100Z Jan 68, both in Msl and Space
Systems Div, Dir/Production and Prgming B-2. 4; Hist (TS-RD-
NOFORN), Dir/Plans, Jan-Jun 68, p 363,

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2,
pp 398-399, .

DAF Supporting Data for FY 69 Budget Estimate, Descriptive
Summaries (S-RD-NOFORN), Jan 68, pp 165-168, in Msl and Space
Systems Div, Dir/Dev; Hist (S-RD), Dir/Dev, Jan-Jun 68, pp 130-131;
Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67, vol 2, p 332.

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, p 402;
Rprt (S), Exercise Long Life, 25 Mar 65, in OSAF 190-65,

Discussion of Long Life Failures, Sys Update ECP's and Sys
Effectivity as Related to Giant Boost (S), 31 Jul 68, in Msl and
Space Systems Div, Dir/Production and Prgming C-4; Hist
(TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2, p 403.

Tbid. . A :

Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2,
p 404. ’ :

Memo (S), SAF for SECDEF, 22 Aug 68, subj: Giant Boost, in
OSAF 38-68; Atch (TS) to Ltr, Ch, Msl Systems Div, Dir/Dev
to AFCHO, 11 Jun 69, subj: AFCHO Historical Study.

Memos (8), Exec Asst to SAF for Asst VCS, 28 Aug 68, no subj:
SAF for SECDEF, 19 Sep 68, subj: Minuteman Test Launch Prgm, in
OSAT 38-68.
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22, Minuteman/Improved Minuteman (S), 31 Dec 67, Minuteman/
Improved Minuteman, Rprt on Implementation of Minuteman Wpn
Sys (S), 3 Feb 67, in Msl Systems Div, Dir/Dev; Atch (TS) to Lir,
Ch, Msl Systems Div, Dir/Dev to AFCHO, 11 Jun 89, subj: AFCHO
Historical Study.

23. Rprt (S), Strat Panel Mtg 67-18, 25 Apr 67, in AFCHO; Atch ('TS)
to Litr, Ch, Msl Systems Div, Dir/Dev, to AFCHO, 11 Jun 69, subj:
AFCHO Historical Study.

- b

24. Memo (S), Col Seaberg for Dep Dir/Dev, 23 Mar 65, subj: ASB Mtg
24-Mar 65, in Msl Systems Div, Dir/Dev, reader file.

25. Msg (S), AFSC to CSAF (AFIN 12036); HEST Test 3 Preliminary ] ]
Results (8), 1 Nov 66; Memo (TS), Dep Dir/Rsch, DCS, R&D,
for SAF, 4 Oct 66, subj: High Explosive Simulated Test (HEST 3),
all in OSAF 255-66.

26. Rprt (8), Strat Panel Mtg 67-18, 25 Apr 67; Minuteman In-Place
Hardness Prgm (S), 1 Apr 68, prep by TRW Sys Gp, in Msl and
Space Sys Div, Dir/Prod Prgming B-3. 2.

7. Tist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67, vol 2,
. - p 357, :

28, 1Ibid., Jul-Dec 67, x}ol 2, p 302; Atch (TS) to Lir, Ch, Msl Systems
Div, Dir/Dev. to AFCHO, 11 Jun 69, subj: AFCHO Historical Study.

29, Test Conductor's 8-Day Rprt, HEST V (S), prepared by USAF
: Special Wpns Center, 12 Sep 68, in Msl and Space Systems Div,
Dir/Production and Prgming C-1. '

30. Hist (TS;-RD—NOFORN—-AF Eyes Only), SAC, Jul-Dec 66, vol 2,
p 421; Rprt (S-Gp 3), Strat Panel Mtg 67-18, 25 Apr 67, in AFCHO.

31, Ltr (S-RD), Asst DCS, R&D, for Dir/Mil Applications, AEC,
5 Jul 66, subj: Minuteman Prgm, in Msl Systems Div, Dir/Dev'l. 1

. ) 32. Atch 2 (S) to, Litr, VCS for SAF, 4 Dec 67, subj: Request for a ’
T Comprehensive Study of Msl Launch Prgming and Battle Mgt, in A
' OSAF 323-6T7. ’

‘. < 33, Rprt (S), Strat Panel Mtg 67-18, 25 Apr 67, in AFCHO; Memo (TS-RD),
f Dep for Rsch, DCS.R&D, for Col Richard L. Minor, OSAF, 23 Feb 67,
subj: Minuteman EMP, in OSAF 130-67.

34. Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67, vol 2,
pp 353-354, )

35, Memo (TS), DDR&E for CJCS, 9 Mar 67, subj: Wpn Sys
Vulnerability, in Plans RI{67)49 (1 Jan-30 Jun 67).
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i . 36.  Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67,
ARV pp 351-353,

JCSM-264-67 ('TS-RD), 10 May 87, Encl A to JCS 2012/300-1;
Atch (TS-RD) to JCS 2012/300-7, 21 Jul 67, both in Plans RIL(67)49
(JCS 2012/300).

Memo (TS), Asst SAF (R&D) for SAF, 30 Oct 67, subj: SAC
Evaluation of the Pindown Threat, in OSAF 323-67, g

Memo (TS) Maj W.B. Ratliffe for Asgat Dir/Plans for Joint and

NSC Matters, 26 Dec 67, subj: Wpn Sys Vulnerability (JCS 2012/ 313/
4/1), in Plans RI{67)49 (1 Jul 67--); JCSM 534~67 {'TS), 5 Oct 67, Encl A
to JCS 2012/300-8; Atch (T'S-RD) to JCS 2012/300-10, 4 Dec 67, both

in Plans RI(67)69 (JCS 2012/300); Lir (TS), VCS to SAF, 4 Dec 87,

Subj: Request for a Comprehensive Study of Msl Prgming and Battle
Mgt, in OSAF 323-67,

Chapter IIT
Advanced Ballistic Reentry Sys (ABRES) Fact Sheet (S), 13 Mar 67,

in Msl Sys Div, Dir/Dev FIN 1-4; Hist (S-RD), Dir/Opl Rgmts &
Dev Plans, Jan-Jun 68, p 214,

Advanced Ballistic Reentry Sys (ABRES) Fact Sheet (S), 13 Mar 67;
Atch (8) to Litr, Ch, Msl Sys Div, Dir/Dev to Engrg Gp, Dir/Dev,
22 Nov 67, in Msl Sys Div, Dir/Dev, Adm 7-1; Hist (S-RD), Dir/
Dev, Jan-Jun 68, p 135; Hist (S-RD), Dir/Opl Rqmts & Dev Plans,
Jul-Dec 67, np.

Memo for Record (S), Col C. L. Scoville, 13 Feb 68, subj: ABRES
Prgm Review, in Msl and Space Sys Div, Dir/Prod and Prgming
3-15; Weekly Activities Rprt (S), 8 Mar 68, in Msl Sys Div, Dir/
Dev Adm 7-5; Hist (S-NOFORN), Dir/Opl Rqmis & Dev Plans,
Jan-Jun. 68, pp 213-214. ’ ’

Atch (8) to Lir, Ch, Msl Sys Div, Dir/Dev, to Engrg Gp, Dir/Dev,

22 Nov 67, in Msl Sys Div, Dir/Dev Adm 7-1; USAF Mgt Summary
(S-NOFORN), "Designated Systems”, 29 Nov 67, 31 Jan 68, 29 Feb 68,
24.May 68; Memo (S-RD), DDR&E for Asst SAF (R&D), 14 Dec 66,
subj: Prgm Review, in Msl and Space Sys Div, Dir/Production

and Prgming B-1. 4; Atch (B) to Litr, Ch, Msl Systems Div, Dir/

Dev to AFCHO, 11 Jun 69, subj: AFCHO Historical Study. .

Rbrt (8), Strat Panel Mtg 68-3, 16 Jan 68; Hist (S-RD), Dir/Dev,
Jan-Jun 68, pp 133-134; Advanced Ballistic Reentry Sys (ABRES)
Fact Sheet (S), 13 Mar 67,

Rprt (8), Strat Panel Mtg 68-3, 16 Jan 68, in AFCHO,
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7. Hist (S), Dir/Dev, Jan-Jun 68, pp 133-134; Rprt (S), Sirat Panel
Mtg 68-3, 16 Jan 68,

8. Hist (S), Dir/Opl Rgmts and Dev Plans, Jan-Jun 88, p 214; Rprt (S)
Strat Panel Mtg 68-3, 16.Jan 68, in AFCHO.

9. Rprt (8), Strat Ranel Mtg 68-3, 16 Jan 68, in AFCHO; USAF Mgt Summary
(S-NOFORN), "Designated Systems',""Highlights and Problems, " 30 Aug 68,

10. DAF Supporting Data for FY 69 Budget Estimate, Descriptive Summaries,
(5-RD~-NOFORN), Jan 68, pp 129-130, in Msl Sys Div, Dir/Dev; Hist
(S-RD), Dir/Dev, Jan-Jun 68, p 137.

11.. Insert for Record of Appropriations Committee (S), 6 Mar 68, subj:
Breakdown of the $413. 4 million in FY 69 for Minuteman II and 1IJ,
in Msl Sys Div, Dir/Dev Adm 1-1; DAF Supporting Data for FY 69
Budget Estimate, Descriptive Sumnmaries (S-RD-NOFORN), Jan 68,
pp 153-154, Msl Systems Div, Dir/Dev.

12, Talking Paper (S), SABRE Advanced Dev Prgm, n.d., in Msl Sys Div,
Dir/Dev Adm 1-1; Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67,
"vol 2, p 375; USAF Mgt Summary (S-NOFORN), "Research and Develop-
ment, ' 19 Dec 67, p 10; Hist (S-RD), Dir/Dev, Jan-Jun 68, p 138.

138,  Hist (TS-RD-NOFORN-AF Eyes Only) SAC, Jul-Dec 86, vol 2,
pp 407-408.

14.  Lirs (S-RD-Gp 1), Dir/Mil Applications, AEC, to Asst DCS, R&D,
28 Dec 66, no subj: Dir/Ballistic Msls, DCS, Systems, AFSC, to
Dir/Dev, 1Feb 67, subj: AFSC Eval of Sandia Corp Fuze, in Msl
Systems Div, Dir/Dev 1.1, -

15. Memo (S~-RD), SAF for SECDEF, 20 Jul 67, subj: Adjustment
of Minuteman Prgm, in OSAF 130-67, vol 1; Msg (S), CSAF-
to AFSC, 211700Z Sep 67, in Msl Systems Div, Dir/Dev Adm 1.1.

16. Memo (S), DDR&E for Asst SAF (R&D), 3 Jan 68, subj: Mk"17,
in OSAF 38-68; Rationale for Canceling the Mk=17 (8), n.d., in
Msl and Space Systems Div, Dir/Production and Prgming B-1. 3.

17. Memo (S-RD), SAF for SECDEF, 20 Jul 67, subj: Adjustment of
Minuteman Prgm, in OSAF 130-67, vol I; Rprt (S), Strat Panel
Mtg 68~16, 18-19 Apr 68, in AFCHO; Hist (TS-RD- NOFORN—AF
Eyes Only), SAC, Jan-Jun 67, vol 2, pp 345-348.

18.  Air Staff Summary Sheet (S), 23 Aug 68, Maj Gen Thomas 8. Jeffrey,
subj: Minuteman PCR 68-157, in Msl and Space Sys Div, Dir/Production
Prgming PCS 68-157; Rprt (S), Strat Panel Mtg 68-18, 18-19 Apr 68,
in AFCHO; SAC Eval of Minuteman Prgm Review (S-RD), 29 Apr 68,
in Msl and Space Sys Div, Dir/Production and Prgming E-1.
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19. Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2,
p 407,

20. Memo (5), SAF for SECDEF, 13 Sep‘66, subj: Mk-12 Reentry
Vehicle, in OSAF 255-66.

21, Ibid.; Minuteman Launch Flash Rprt (8), 11 Jan 67, Msl and
Systems Div, Dir/Production and Prgming B-1. 2.

22, Hist (S-RD), Dir/Dev, Jan-Jun 68, p 130; Lir (S-RD), MajEisling
for CSAF Sik, n.d., w aich, subj: Accuracy of Mk-12 Reentry
Vehicle, in Msl Sys Div, Dir/Dev Adm 1-1.

23. Memo (S), SAF for SECDEF, 17 Nov 67, subj: Minuteman PCR
(F-7-090), in Msl and Space Systems Div, Dir/Production ard
Prgming F-1; Rprt (S), Strat Panel Mtg 68-16, 18-19 Apr 68,
in AFPCHO; Insert for Record for Senate Armed Services Committee
(S), 29 Feb 68, subj: Rationale for Delaying Minuteman III, in
Msl Systems Div, Dir/Dev Adm I-1.

24, Minuteman Additives (S-RD), 31 Jan 68, in Msl Sys Div, Dir/
Dev Adm 1-1; Weekly Activities Rprt (S-RD), 23 Feb 68, in
_Msl Systems Div, Dir/Dev Adm 7-5,

25. Memo (S) w atchs, SAF for SECDEF, 22 Jan 68, subj: Cost Growth
of Mk~12 Reentry System in Msl and Space Sys D1v, Dir/Production
and Prgming B-1. 2.

26, Minuteman Additives.(S-RD), 7 Mar 67, in Msl Sys Div, Dir/Dev 1-1;
Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2, pp
408-409.

27. Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67, vol 2,
pp 343-344; Hist (S-RD), Dir/Opl Rgmts and Dev Plans, Jan-Jun 68,
P 210; Memo for Record (S), Maj A.A. Eichelkraut, 21 Dec 87,
subj: Cancellation of Mk-17 Prgm and Related Devs, in Plans °
RI(68)49-3 (1 Jan 68--); Atch (TS) to Lir, Asst Dep Dif/ Force Dev,
Dir/Plans,to AFCHO, 23 May 69, subj: Draft of AFCHO Historical
Study.

28. Hist (TS-RD-NOFORN-AF Eyes Only), SAC, Jan-Jun 67 vol 2,
pp 346-347.

29, Ibld Jul-Dec 66, vol 2, p 412; Rprt (S) Stra‘t Panel Mtg 67-14,
il Apr 67, in AFCHO; Litr (S), DCS, R&D, for DCS, Plans & Ops,
and DCS, S&I1., 26 Peb 68, subj: Minuteman Mk-1 Penetration
Sys, in Msl and Space Sys Div, Dir/Production and Prgming B-15,
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30.

3L

32,

33y,

34,

35,

Hist (S-RD), Dir/Opl Rqmts and Dev Plans, Jan-Jun 68, p 208;
Atch (TS) to Litr, Ch, Msl Systems Div, Dir/Dev to AFCHO, 11 Jun 69,
subj: AFCHO Historical Study.

Msg (S-NOFORN), CSAF to AFSC, 161030Z Feb 68, in Mzl Sys Div,
Dir/Dev Adm 1-1; Memos (S), Asst SAF (R&D) for SAF, 4 May 68,
subj: Mk-11A P enetration Aids Dev Prgm, and Asst SAF (R&D)

for VCS, 29 May 68, same subj, both in Msl and Space Sys Div,
Dir/Production and Prgming,

Test Range Problems in Eval of Penetration Effectiveness of
Strat Ballistic Msls (S-RD), Nov 67, prepared by IDA and Systems
Eval Div under contract to WSEG, in Plans RI(68) (1 Jan 68--);
Atch (B) to Memo Routing Slip, Strat Div, Dir/ Op Rgmts and Dev
Plans to AFCHO, 29 May 69. .

Hist (TS -RD-NOFORN-AF Eyes Only), SAC, Jul-Dec 66, vol 2,

p 413; ROC (S-NOFORN) for Effective and Survivable Active Msl
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