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MIRV: 

A BRIEF HISTORY OF MINUTEMAN AND MULTIPLE REENTRY VEHICLES (U) 

Abstract (U) 

The Soviet deployment of MIRV systems on the new strategic 

missiles (5S-17, -18, and -19) raise5 the question of motivation 

behind these de~elopments. In particular at this time, without 

the threat of extensive ABM defenses in the U.S. and China, are 

the advantages provided by MIRV sufficient to justify the 

expenditure? (U) 

A useful step toward shedding some light on the decision-

m a k; n 9 pro c-e s s ; s tor e vie \~ s o"m e 0 f the t e c h nolo g i cal mi 1 est 0 n e s 

in the history of MIRV in the U.S. (U) 

This document is a compilation of the technological events 

which, over a decade and a half, reflect the c~imate, the condi

tions, the constraints, and the requirements surroun~ing the 

concepts and developments asso~iated with MINUTEMAN MIRV. (U) 

The history clearly demonstra~es that the two principal 

reasons which prompted the U.S. to··"·adopt MIRV systems for IRBM 
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and ICBM forces were the requirements for the penetrability of 

ASH defenses and for the expansion of the number of warheads in 

response to the increasing number of targets. (U) 

• 

• ',,-0 • 
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The deployment of MIRV systems in the United States has been 

one of the major technological steps taken in the incessant 

. search for improving the performance of strategic mis.sile sys-

t e ms . ( U) 

The improvements were motivated by a concern for the pene

tration of antiballistic missile defenses and the need for an 

increasingly large number of warheads to ma~ch the growing list 

Qf ta~gets. During the decade which preceded the deployment of 
• 

MIRV systems, the single RV system of MINUTEMAN was subjected to 

numerous modifications. These improvements were very modest 

compared to th~ complex and expensive solutions suggested by 

numerous studies made during the late 50·s and throughout the 

6 0 ' s . I n _ t.h e i n t e rim t s i g n i f i .c ant t e c h nolo g i cal b rea k t h r 0 ugh s 

occurred·in the fields of rocketry, guidance and control, radar 

design and nuclear weapons design. Concurrently, sophisticated 

intelligence-gathering methods provided the su~stantive data 

regarding the expansion i"n enemy military power. (U) 

It is this environment, characterized by the -proliferation 

of advanced Soviet systems, which g~nerated a sustained pressure 

to maintain the capability of MINUtEMAN. The force was mandated 

to inflict, regardless of circumstances, a certain level of dam-
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age which had been deemed adeq~ate to constitute a credible de

terrence. As a consequence of the self-imposed limitation on the 

number of missiles as a result of DOD Secretary McNamara IIcost

effectiveness ll criterion, most of the pressure for upgrading our 
-

land-based systems was applied to~ard changing the configuration 

of the payload. The small throw weight of the missile did se

verely restrict the ability to implement the various schemes 

suggested ~o remedy the deficiencies of the system as they became 

known. The missile was modified on two occasions in order to 

increase the throw weight. (U) 

The main objective of this report is to present a chronicle 

of the technolo·.gical developments which led to the concept and 

the implementation of MIRV for MINUTEMAN. However, one must bear 

in mind that the history of the technological development of 

large weapon systems such as MINUTEMAN is intimately associated 

with a great variety of issues entering the decision-making 

process at the highest levels of government. (U) 

The forces which, over the last decades, shaped the con

figuration of the presently deployed MARK-12 MIRV reentry· system 

were exerted through an intricate network of channels. These 

forces were generated simultaneously .within a large number of 
.' .. ~ . l 

organizational entities whose relative power shifted with time, 

depending upon the domestic as well as global conditions and to a 
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large extent upon the views, prejudices and convictions of the 

policy-making individuals. Most of the evidence in this category 

was not recorded. (U) 

In this country the principal sources of influence which 

generate the variables controlling the decision-making process 

associated with large weapon development may be divided into 

types: institutional and non-institutional. These two general 

types can, in turn, be subdivided into broad categories which are 

. themse1ves highly structured. The institutional organizations 

comprise mainly: the Defense Department, in association with the 

military-industrial complex, the other departments and agencies 

of the Executive Branch, and, finally, the Congress. Among the 

non-institutional sources of influence, quasi-independent of the 

government, are: the threat, the state of the economy, and the 
-

state of the art of technology. (U) 

Ultimately, the course of action taken is the end result of 

a long decision-making process grounded not ne~essarily on "real

ity" per se but rather on the "perceived reality" based upon 

available facts and their interpretation. Furthermore decisions 

must also account for future progress by extrapolating to ex

pected conditions several years h~nce. (U) 

MRV and MIRV reentry systems are among the major steps taken 

in the arms race. They were, in part, a response to the develop-
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ment of ABM defenses. Reciprocally. as a penetration aid. they 

stimulated the growth and complexity of the U.S. ABM and possibly 

also influenced the design .of the Soviet ABM system. At the same 

time their expected effectiveness in defeating ABMs constituted 

the ground upon which, in the U.S.~ the detractor~ of ABM systems 

rested their technological arguments. It has been speculated 

that the cost-effectiveness of MIRV compared to that of defensive 

countermeasures lead to the agreement of SALT I. (U) 

In the domain of international politics MIRV was the center 

of major controversies at the highest levels of the U.S. govern

ment. Its deployment was viewed by some as ha~ing a stabilizing 

effect on the balance of power between the U.S. and the USSR. On 

the other hand. others perceived its import on the existing stra

tegic equation as a destabilizing development. Insofar as the 

U.S. MIRV systems were perceived by .the Soviets as strengthenin9 

the U.S. counterforce capability (high accuracy of low yields) 

and improving the U.S. first-strike capability (larger number of 

warheads) they probably contributed to an esca)ation in the arms 

race. (U) 

Since the SALT I and preliminary SALT II agreements, the 

efforts to increase the capability ~nd flexibility of the U.S . 
. '.':,. . 

MIRV systems continues. The principal areas of investigation 

are: precision navigation (highly sophisticated G & C systems 

- .. .. . - . . . 
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such as stellar update). increased yield. maneuverability of RV's 

during reentry into the atmosphere. daily update of weather con

ditions at the target and mobile deployment (either land or air

borne). (S) 
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11. SUMMARY AND CONCLUSIONS (U) 

In the United States, MIRV provided the solution to the 

problem of maintaining the effectfveness of the land- and sea

based ICBM forces. This updating ~ad to be accomplished within 

the economic contraints while taking full advantage of the most 

recent technological advances. (U) 

For a decade the threat of Soviet ABM systems and the list 

of targets had been growing steadily, thus rendering the mission 

more difficult to accomplish. In this environment, beginning in 

the mid-50's, the requirements were generated for the features 

afforded by MIRV. (U) 

By 1962 the MIRV concept was widely discussed in the scien

tific community. Initially the system was not without opponents 

who would-h~ve preferred to increase the number of missiles. 

Their objections were directed mainly at the small yield 

resulting from the fractionation of the MINUTEMAN payload. There 

was some justification for their arguments sin~e, at the time 

multiple warheads were proposed, the" MIN"UTEMAN "III missile had 

not yet been approved, the reliability was unproven; the location 

of point targets was not accurate a~d the hardness of hard " 

targets was increasing and ill deffned. With the passing of time 

though, some of these problems were resolved and the self-imposed 

ceiling on the total number of missiles left no alternative. (U) 
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MIRV development was finally authorized in 1965 and the de

ployment of the MARK-12 MIRV Reentry System occurred in 1970. 

( U) 

From the time of its inception, MIRV was designed therefore 

to fulfill the U.S. requirements for enhanced penetrability and 

increased capability. to attack a larger number of targets. 

Although the avowed intent was the preservation of the U.S. 

deterrent capability, the issue of first strike capability was 

raised and widely discussed. How this development was perceived 

by potential adversaries is not known, but the fact that the 

Soviets are presently implementing the system is tangible 

evi de nce tha t tbey are· convi nced of i·ts va 1 ue. (U) 
\. . 

Throughout the history of MINUTEMAN one can discern four 

fundamental reasons underlying the motivation to develop a MIRV 

reentry system; All these reasons are closely interrelated. (U) 

A. The requirement for more warheads (U) 

The purpose of MINUTEMAN has alwajs been one of deter

rence. Originally all ICBM targets were soft and most were 

u rb an - i n d u s t ria 1 c e n t e r s . The rea f t e r ' the numb e r 0 f mil ita r y 

targets kept increasing and the hardness of some of them began to 
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increase. J\.s . a consequence, a larger number of warheads became 

n ,e c e s s a ry, a d i ve r sit yin del i ve re d y i e 1 d was des ire d as well as 

a greate~ accuracy. (U) 

B. The requirement to penetrate ABM defen~es (U) 

In the late 1950's the Soviets were postulated to be 

developing anti-ICBM defenses as was the U.S. The fact was con

firmed in 1960. As a consequence of the growing ABM threat the 

characteristics of existing reentry systems had to be redesigned 

and new ones developed in order to ensure the penetrability of 

the U.S. reentry vehicles. (U) 

c. MIRV ~s more cost-effective than ABM to strengthen the 
strategic posture (U) 

In the process of balancing the power equation for 

attack or deterrent purposes, the in~estment of resources into 

strengthening the strategic missile forces by using MIRV is a 

more cost-effective avenue than building an ABM system. In 

addition, by effectively overwhelming ABM defenses for a com

paratively small e~penditure, MIRV afforded a powerful political 

argument against the large deployment of ABMs. (U) 

_.. ........ : ~~: ... . .-. 
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Every development made in the technological fields 

associated with ballistic missile weaponry suggests methods to 

accomplish the mission more effectively and reliably. Among the 

main advantages afforded by MIRV in that regard are: 1) the ac

quisition of flexibility through payload fractionation and 

footprint availability; 2) an economy of silo, missiles and lo

gistics; 3) a more optimum utilization of nuclear materials by 

reducing the waste inherent to an arsenal made up ' exclusively of 

large-yield weapons, thus allowing a more appropriate distribu

tion of nuclear materials over a large number of targets; and 4) 

a reduction of collateral damage when not desired. (U) 

-l~ summary we conclude that the development of MIRV has 

been and still is fully justifiable on the basis of two entirely 

independent reasons: penetration.of defensive systems and the 

large number of strategic targets. If both of these reasons 

exist simultaneously with the present state of space technology, 

the deployment of MIRV becomes imperative. (U) 

The advantages afforded by MIRV are: 

.. ~ 
e Saturation of the defensive system through high arrival 

rate of threat objects. 
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o Widening of the threat tub~ by approaching the same 

target along different trajectories originating from a 

single missile and/or by cross targeting with several 

missiles. 

o Causing an increase in the complexity and cost of the 

defensive systems by presenti ng an 'overwhelmi ngly 

con f u s ~ n g and un pre d i c tab 1 e t h re a t t r a in. T his i s 

achieved by including masking or emply chaff clouds and 

by adding decoys. 

o The enhancement of a first-strike capability and of a 

reserve capability. 

o A higher pro~ability of retaining a second-strike capa

b i 1 i ty . 

o An economical way of increasing the number of warheads in 

th ears en a 1 • 

o An increased reliability of destruction of prime targets 

through cross ta~geting. 

o An increased efficiency in the utilization of missile 

t h row wei g h tan d n u c 1 e a. r mat e ria 1 s • 

J - ... ". ... .. . . . 
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o A reduction of collateral damage by matching the yield to 

the target. 

o A reduction in maintenance expenditures by requiring 

fewer silos and missiles for a given force capability. 

(U) 

The inherent disadvantage of MIRV is the reduction in 

number of hard targets to draw enemy fire. This weakness of the 

~oncept is not without remedies such as the deployment of a 

mob i 1 e force on r a ; 1 s ton r 0 ads t ; n wa t e r 0 r i n th e air • All 0 f 

these concepts have been under constant study since the mid 50's. 

Rail mobile deployment has been implemented and abandoned already 

whereas other mobile concepts are under current investigation. 

(U) 

.... 
-_. 
~ , . -- .. 
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III. DIGEST OF MINUTEMAN MIRV HISTORY (U) . 

In the next few pages two different formats have been used 

to summarize the content of the more detailed history presented 

in Section IV. One of them is a lI.chronology" of the most rele

vant events which provides the reader with a quick reference of 

the mile~tones. The second m~thod is a "dialogue" of important 

questions and answers in the development of MINUTEMAN MIRV. (U") 

CHRONOLOGY · (U) 

1955 

1957 

1957 Oct. 

Proposals of the early concepts for penetration aids 

(decoys and fragmentation of the booster). (U) 

Proposal for multiple warheads. (U) 

Soviets place the first artificial satellite in 

- ... 0 r bit . ( U) 

1958 Spring Report of the Reentry Body Identification Group 

issued. (A comprehensive listing of penetration aids 

including multiple warheads.) (U).· 

1958 Aug. 

1958 Oct. 

. .. .. p. : .-. ... 

MINUTEMAN Weapon System requirements are issued· 

·(determined the dimensions and payload capability of 

MINUTEMAN for a long time · to come) • . (U) 

LOGAN Event (undergrounn ·exposure of materials to 

, DoE ~ (:!» ) jJJJ (5 ) 

- -. p.: . ; - p' . -



1959 Aug. 

1960 Apr. 

1960 

1960 Oct. 

1961 Oct. 

-
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Report of Navy's Re-entry Body Committee (a proposal 

for the POLARIS A-3 MRV reentry system). (U) 

ABLE-STAR deploys several satellites from a single 

p 1 a' t for m (M I R V pre d e c e s s 0 r ) • ( U ) . 

, . ~;";"de_:_~:'~ _so::~ "A~_~~~~~~~~e-~t ~~_t-sa ;;" sha-~~~I 
First MINUTEMAN I production missile. (U) 

\~- .; . ,., 
too' • 

Soviet ABM-related high altjtude nuclear tests. (S) -# .1 
Statement by Soviet official announcing successful l~~ t 

. I 

intercept of RV. ( U) 
. .. ~ 

------------ ----
1961 Early study by BSe of multiple RV for MINUTEMAN 

(MK-l2), TITAN II (MK-13), ATLAS/TITAN I (MK-14). 

(U) 
_~ ________ • ___ .... - __ . . .• 0.· _. _. , .. 

Sino-Soviet targets in the mission were soft. 

A BMw ere ass u me d to bet e r min a 1 de fen s esc 0 n sis .t i n g .• .";; ___ 
- ~, .:(~ .. o.1 __ Ltp_9r.a de.d._SA~2 -an tL.sA.~ 4 __ . .( S ) .. " ..... . 

1962 June MARSHMALLOW under ground n ucl ea r effects tes t~€ '.{Sat1 
.( S RD) 

1962 Development of the concept of MIRV. (U) 

1962 Aug. ~. »OK 
MK-12 Phase I Study single RVs: .MK-12 (light) with~· 'l~ 

tDDE'. ~(3) .Ji el d an<M'K-12 (heavy) wi thClbF- . S" 
b{3) ~ield. hardening and penetration aid 

:atb • 
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1962 Oct. Begin development of MK-I1A (hardening). (U) 

1962 Oct. First operational MINUTEMAN I flight. (U) 
- -~ .... ~------..-..~.-------. .- .. , 

1962 Oct. tFurther Soviet ABM-related high altitude nuclear 1 

I...tesis.. ..... --<5) ''' ___ ..•. __ ' ~ • . . • ..... -: .--.j 

-D-e-c-.-·()fi~ redirect M~l~;iiir~gram- MK:.Ii4i weight reducetl 

to~S 6£.1) :.:.s~Oc~ "!.3) ~for use as mUlti-\ 

p 1 e ; n a M R V con fig u rat ion. ( S R D) ...... :;::::::a.c: 4 --... ~--.. ~~ 

1963 April MK-12 Phase II completed. (U) 

1964 June MK-12 Phase III authorization (MK-12 is still a MRV 

system for MINUTEMAN II). (U) 

1964 June MK-12, MCS and STS issued. (U) 

1964 Sept. Deve~opment of MK-IIB (hardening). (U) 

1964 Sept. First MINUTEMAN II flight. (U) 

1965 Jan. .-Study of MK-18 (Seven 150 lb (68 kg) RVs without 

~ decoys on MINUTEMAN II}. (U) 

J)O,a;, E-'--\ ~ .... 196.5 Apr. GUM 0 R 0 Pun de r g r 0 un d 

ir'~ '. • ~£JP)'~ (S) 
------- SL-----··--

1965 Spring PEN-X reports issued. (U) 

MINUTEMAN II MIRV requirements. ( U) 

')"'"\ 
- --



1970 Apr. 

1970 June 

DIALOGUE (U) 

ing}. (U)· 

First production unit. (U) 

MINUTEMAN III operational. (U) 
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Q - When did the" concept of multiple warheads originate? 

( U) 

A - In the middle 1950's. (U) 

Q - When did the concept of MIRV originate? (U) 

A Du r-i n g 1962. (U ) 

Q - Why is the payload of MINUTEMAN so small? (U) 

A In 1956 solid-propellant engines of the MINUTEMAN size 

were representatjve of the frontier of technology of 

the day. Funds were never authorized to enlarge the 

missile and silo. (U) 

. ' :" 

--- -----~ 
-...a..-.. . __ -"""" 

. 
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i'The res u 1 ts of t-h~~;--p-;:~r-a'~~-71-;;;ly demons t~-;~·~d· tha ~ 
) . . . 

the development and production of large solid-

propellant engfnes for ballistic weapon systems, while.l 

demanding of the state of the art, could .be aChieved.~ 

'--_{S) - .- ... ....-.- - -------------~-~-- ---.-- - . . 
. ... _ . ' 

Q - Why was a MRV configuration never deployed on MINUTE-

MAN? (U) 

A - An influential element of the Air Force favored large 

yields to accomplish its mission and was reluctant to 

fractionate the payload to increase penetrability. 

Decoys were the preferred method to increase the number 

of reenteriryg objects. By the time the multiple RV 

configuration (MRV) was adopted in 1963, the MIRV 

concept had already been under consideration fo~ a year 

in the government and the aerospace industry. The 

decision to MIRV MINUTEMAN II came in. the middle of 

1964 before any ~ignificant progress had been made on 

the Air Force MRV system. (U) 

Q - Why was MINUTEMAN II not MIRVed? (U) 

A - The throw-weight was too small to allow the design of a 

viable system which could fulfill the requirements in 

range; number of wa~heads, yield, penetration aids, and 

" £ _ 522£ i 
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footprint. This inadequacy pr~vided the impetus to 

enlarge the third stage of the missile and thus create 

MINUTEMAN III. (U) 

Q Why was MIRV finally chosen? (U) 

A - MIRV, with its improved guidance and control subsystem 

and maneuverable bus, was a solution to the three most 

important problems whi ch. had arisen si nee the deploy

ment of ICBMs. These problems were: 1) penetrability 

of defensive systems, 2) the increasingly large number 

of targets and 3) the increasing hardness of some 

military targets. (U) 

By providing greater accuracy, a footprint capability 

and the flexibility to tailor the attack configuration 

f~~ each target, it afforded the most economical ap

proach for maintaining effectiveness. (U) 

Q - Would the U.S. have adopted MIRV for the sole purpose 

of improving penetrability? ~U) 

A - The answer is probably yes. (U) 

As history has shown, the U.S. has demonstrated since 

the late 1950's a will to ~pgrade the penetrability of 

MINUTEMAN against all aspects of the ABM threat. (Be-

ginning in 1962 three hardened versions of the MK-11 



-- - -

~~ ~.t.WfOq: --

_ ,',' ,i.": L' ;::: ~ r::-, i\" i-\~- . ;r: HI'L ",' 9' A!JK _ r •• ;..~ __ ' .' -" .. J....... U\I'. 
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were deployed. Chaff penetration aid was added to the 

last version. Penetration aids, pr~ferably decoys, 

were required for each of the three main configurations 

adopted successively for ·the MK-12 reentry system (sin

gles, ·MRV, MIRV). As a response to the deployment of 

ABM systems, MIRV was more cost-effective than adding 

new silos and missiles with a single warhead. (U) 

Q - Would the u.s. have adopted MIRV for the sole purpose 

of increasing the number of warheads? (U) 

A - The answer is probably yes. (U) 

To retain its credibility as a deterrent force 
\ 

MINUTEMAN must be assured a second strike retaliatory 

capability. There are four ways to incr'ease the number 

of'warheads surviving a first strike: 1) increase the 

hardness of the silos, 2) increase the number of silos, 

3) increase the number of warheads per missile, 4) keep 

the launch pad on the move. These methods can be im

plemented singly or Simultaneously. The decision was 

made to stabilize the number of missiles and use the 

other methods. It should b€ noted, however, that even 

though ~ _ MRV system increa;~~ the number of warheads, 

the system is too primitive a concept to effectively 
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fulfill the required mission. Its advantage is limited 

t~ drawing more interceptors and, perhaps in some 

cases, to overloading the enemy capability to act. A 

MIRV system on the other hand, with its f90tprint 

capability combined with retargetabi1ity, truly 

provides the potential for a credible retaliation on a 

large number of targets. (U) 

Thus, assuming that the number/yield/accuracy 

trade-offs are satisfied, the MIRV system has been the 

cheapest way to keep up with the mission and threat 

requirements. However, this approach presents a 
\ 

drawback. In the process of redu·cing the number of 

silo/missiles, the number of enemy warheads drawn is 

e~ual1y reduced. (U)-

Q - What are the main reasons which caused delay in the de-

p10yment of MINUTEMAN MIRV? (U) 

A-I) The re1uctanc.e by an important faction in the Air 

Force to reduce warhead yield. (U) 

. . . .. --- .. -... - -. .. .. -. ....-.-~ .... -_. -- . I 

in the U.S. of nuclear weapons with 

a g~eat variety of radiate~ output spectra brought 

forth, by virtue of the concept of "mirror-technology" 

est i mat ion, a whole s e r i e s 0 f kill . me c han isms to'; 

~
~ .. . ...... . 

N 

. -. c . " . 
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i pr~-~~~~ against. This expanding diversity in thr~at""'l. 
! I.! i ' 

characteristics caused several design changes to I~i 
! eliminate newl u discovered weaknesses. This upgrading ! 

: J . ~~ 
" effort caused numerous delays. (5) ......---

--- I· . 

3) Although the go-ahead for MIRV was given in April 

1965 it· was not until 1966 that the decision was made 

to increase the throw-weight available by enlarging the 

missile third stage. It is on that date that the de

sign of the present MK-12 MIRV configuration really 

began. (U) 

roll-resonance difficulties were encountered 

: d uri n g the e·a r 1 y f 1 i g h' t t est s 0 f th e R V • The de t e r m i - i 
nation of the appropr~ate corrective measures caused 

s i g n i f i can t del a y. s_ •. , ( 5_ ) .'. . _ ... _. .. . ' . 

Q - Why was the MK-17 cancelled? (U) 

(A1The ;.eoE- 6(3) ~ -sJie1d of the W67 compared to 

__ .ooe 6,( -3 ) ... ·MK-ll was not s i gni fi cant enough to 

1 

justify its deployment. 

MK-lIC and MK-12. (SRD) 

Th e fo rce mi x n,ow cons; sots of ~; 

J1-, __ --.. __ .. _ .. _.. . I . 
*,.'-- ~ 

.' . 

- '- . 
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Q - Why did the Navy become involved in the MK-12 program 

and then drop out? (U) 

A - The concept of communality of components was highly 

favored under the leadership of DuD Secretary McNamara. 

It was part of the quest for cost-effective approaches 

to R&D and deployments. In 1961, at the instigation of 

DDRE t the Na·vy and the Ai r Force agreed to a joi nt man

a.gement of the MK-12 ,program in order to i n'tegrate into 

the design the requirements for both sea-launched IRBM 

and silo-launched ICBM. Such a hybrid reentry system 

would inevitably possess all the features necessary' for 

both applications, thus' reducing the effectiveness of 

either individually. In the meantime the AEC had begun 

a program for the devel'opme,nt of very small nuclear 

warheads. As early as S'ep-t. ' 1964 ,a Navy-AEC study . 

group was formed by DDRE. This effort lead eventually 

to the design of a new reentry system, the MK-3 

~ ~~ 
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prototype, for the POSEIDON missile system. In ·Oct. 

1967 DORE formally terminated t~e requirement for 

comp~tibility of the MK-12 for FBM systems since the 

MK-3 reentry system had been chosen to equip the C-3 

mi s s i 1 e . ( U) 

Q - Were there any technical arguments against the concept 

of MIRV? (U) 

A - No records were found to indicate that any existed. 

Most of the early opposition came from a faction in 'the 

Air Force who favored a higher yield on an expanded 

missile force and correctly viewed MIRV as an 

alternative to an increase in the number of MINUTEMAN 

missiles. finally, during the last stages of devel

opment, argument of a political nature were advanced by 

members of the U.S. Congress. (U) 

Q - Why were the MK-13 and MK-14 never authorized? (U) 

A - These systems neyer went beyond the stage of studies. 

This writer was unable to find any details regarding 

these proposals. It is the opinion of individuals in

volved with new systems evaluation in 1961 that a) 

Atlas and Titan I had alre~dy reached obsolescence and 

were in the process of being replaced by MINUTEMAN; and 

~/ 
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b) there were not enough TITAN II missiles to warrant 

an entirely new system. However the possibility of 

putting multiple warheads on TITAN II was not com-

p 1 e t e"l y a ban don edt hen. I n 1 9 64th e .. M K - 12 R e - en try " 

System Design Criteria" states a potential use for the 

RV on TITAN II. (U) 

Q - Why was the MK-18 never deployed? (U) 

A - The reason why the MK-18 program was not authorized to 

go into phase III has not been stated explicitly in 

technical memoranda. It was replaced instead by fur

ther studi es, the ABC" and PAVE PEPPER programs I to con

tinue the development of small RVs which could accom

plish the Alr Force mission of "assured destruction and 

da"mage limiting." Un"til now the capability of such 

payloads has not been judged adequate to fulfill the 

mission and displace the MK-12. (U) 
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IV. MINUTEMAN MIRV HISTORY (U) 

The events which preceded the advent of the MIRV concept in 
• 

1962 constitute what might be called the pre-MIRV history. These 

few years are highly significant and can be regarded as the ges

tation period during which the fundamental requirements evolved, 

the mission underwent a constant transformati~n and technology 

progressed rapidly on all fronts, especially in space ~ystems, 

electronics and nuclear weapons. In order to account for most of 

the crucial factors which led to the concept of MIRV and to 

demonstrate the continuity of purpose ire the part of the U.S. 

throughout this evolutionary process, the pre-MIRV history is 
'\ 

considered here an integral part of the subject. (U) 

Generally speaking, the U.S. deployment of strategic mis-
-

siles carrying multiple reentry vehicles with nuclear warheads 

took two major technological steps, the MRV system, and the more 

complex MIRV system. (U) 

With a MRV ~ystem t~e missile is aimed at the cen~er of the 

target and the reentry vehicles are dispersed in a simple pattern 

over the area. The Navy adopte~ MRV in 195~ for the POLARIS A-3 

but the MINUTEMAN weapon system was :never equipped with it, al-
.. ~ 

though it was studied for ma~y years. (U) 

A MIRV system affords excellent targeting flexibility but 

is more costly than MRV and requires the attainment of definite 

?-



-, 

COVD-1571 

Page 27 

levels in each of the technologies involved. The RVs are ejected 

from a singl~ missile but can be aimed at separate targets or can 

approach the same target on quite different trajectories. MIRV 

reentry sy~tems were deployed by both the Navy (POSEIDON) and the 

Air Force (MINUTEMAN III). (U) 

Both MRV and MIRV reentry systems (R/S) are capable of dis

pensing penetration aids with the RVs. (U) 

Throughout the history the reader will find references to 

numbered "notes." These notes are collected in the Appendix to 

provide added details or some examples associated with the sub

ject under discussion. (U) 
\ 

A. Pre-MIRV history (U) 

Th~ MINUTEMAN weapon ~ystem requirements were issued in 

August 1958. The basic objective of the program was the devel-

opment of a "simple, economical ICBM system cap~ble of surviving 

a nuclear attack and of striking back." r-The use of solid \ 

.. IproP~ll;~t-'~'~~-i~e;whi-~h-p;;;itte~DoD Cb)[O ': 

_ ~. ~as itself one of the major technological breakthroughs J 

\ ~. . 

twhich transformed the U.S. strategic missile forces. ; Both 
~ ~.- - --- . __ . . -.. . . 
hardened silo housing and rail mobil~ configurations were 

initially deployed, (see Note 1) but the mobile system was later 

abandoned. A renewed interest in the concept is presently 
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demonstrated by programs investigating air mobile and road mobile 

systems. (U) 

The original decision made regarding the size of the 

missile, that is its small throw weight capability, was to have a 

tremendous import in later years on the options available' in the 

design of future paylo~ds, notably MIRV, and on the delays in 

deploying a suitable MIRV system. (U) 

Simultaneous with the development of ICBM systems, 

substantial efforts were devoted to counter the Soviet missile 

threat. The approach to ABM design which prevailed at the time 

in the U.S. was the upgrading of the Nike-Hercules SAM system 
"1 

(Nike-Zeus. Nike-X). ljimilarl Y the model of Soviet ABH defenses! ~1 
. . ---

was for some time assumed to be an improved SA-4 SAM system':] (S) 
."_ .' ___ ~ . ___ . . . . ... ' . . . . . .... . "''''7 

As a consequence of t~e postulated existence of 

wi~espread and effective ABMs in th€ future, inquiries were 

undertaken into the means for reducing the vulnerability of 

offensive systems. The concept of penetration aid~, in 

particular decoys, and the 'advantage of fragmenting the last 

stage of the booster before reentry had been recognized by 1955 

(see Note 2) and the possibility of putting several'warheads or 

decoys on the ATLAS missile was c()nsi ,dered by engineers at 

Convair in 1957. 3 (U) 
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At the time of the MINUTEMAN development the idea of 

dividing the payload of an ICBM was seriouslr discussed in the 

U.S. It was shortly after the Soviets had placed their first 

artificial sate'llite into orbit in .October 1957. , The Reentry 

Body Identification Group (Bradley Committee) had been formed by 

the Office of the Secretary of Defense. Its objective was to 

determine whether or not the designers of offensive ballistic 

missiles should consider seriously the possibility of a threat 

from anti"-ICBM defenses. In early 1958 the commi ttee reported 

that missile defenses should be given consideration and described 

a number of countermeasures available to the offense. Most of the 

countermeasures proposed were intended to confuse the radars and 

are k now n as, pen e t rat ion aid s • Inc 1 u de din the pro po's a 1 was the 

use of multjRle warheads to overload the defensive system and 

exhaust its interceptors. (U) 

The concept of a workable anti-missile defense weapon 

system had been in the development stage for quite some time in 

the U.S. As c'an be expected, the understanding of kill mechanisms 

was fundamental to the justification for such systems. (U) 

The fi rs t 'Ameri can 1 a rge-s ca 1 e experi ment des i gned to 

2xplore the effectiveness of nuclea~:weapons as a means of 

destroying ICBM reentry vehicles was conducted by the AEC (now 

ERDA) at the Nevada Test Site.[: DoD bU) . :::J 
DOE 
tlG) 
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-------------------------------------_. ~-~~ 
b(3) 

poe h(3) 

! 

~,------------------~~e-----~--~ag~ ... ~ 
~ The result of this early and serious concern for th 

survivability of reentry systems was soon to appear in hardware 

design. The decision to ensure penetrability by using one of the 

cor.cepts mentioned by the Bradley Committee was made for 

application on the POLARIS submarine. In August 1959 the Navy 

published the findings of the. Reentry Body Committee regarding 

the design concept f9r the A-3 reentry system of the second gen-

eration POLARIS. One of the justifications for the choice of 

,mUltiple reentry bodies states tha'~_--~=·~······ l ' ': " - .I' ; .... 

__ Pl!..!?. .. 6 ~.!~ .. __ ...... __ ._ .. __ ... _. __ ~ ..411 ~ e No te 3.) (S ) 

By the year 1960, the threat of Soviet anti-ICBM T:.-: .-

defense began to materia~~.~e.r= 
r-

t (:';. 
...to 

~-a--
I 

i . .. OOD .},(I) 
______ ~ __ -_. __ . _ •••• __ 0 •• • ' . __ _ 

•.. - ~_.J0wevert the capabi 1 ity of the 

systems which would event~ally~ deployed could not be L· ° . 

established on the basis of the intelligence information. [2';-'-. f! 
... - ... -.. - .... ---~.-- ..... -.-.--.-.. --... . -'-. -. . --... -

1 a c k 0 fda t a, the e f fee t i v en e s s 0 f t.~ e U. S . . s t rat e g i c for c e was 

still evaluated against postulated upgraded Soviet anti-aircraft 
\ 

1m; s s il e s y: t!! ms and th e ~~ ~ ; 9 n s 0 f th!.~}_ ~.-:}.~Y.~ ~,_ ):_~.~_~,:my'~~ _. __ 

if; r s t ge n era t ; 0 nAB ~ I ( S) it;:1.... 

~ .~~ 
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It is significant that the ABM models used, in 

particular NIKE-ZEUS, could easily be defeated by the known 

c~untermeasure techniques. At that time the requests for funds 

necessary to deploy the U.S. ABM were being denied. One of the 

major arguments against its deployment was the ease with which it 

could be overwhelmed by a multitude of targets under the form of 

penaids and/or multiple warheads. In Congressional testimony in 

May 1960, Jack Ruina, Assistant. Director of DDR&E for Air 

Defense, and previously a member of the Bradley Committee, listed 

among the reasons why NIKE-ZEUS should not be deployed "the 

probability that the enemy can, without prohibitive cost to 

. himself, provide foi nearly simultaneous arrival of multiple 

tar get s, e i the r dec 0 y s· 0 r per hap s eve n t rue wa rh e ads. The nit i s 

clear that 5.0 its present desig'l the NIKE-ZEUS firepower can be 

rather easily saturated ... 3 '(U) 

The poor definition of the Soviet ABM threat was noted 

in 1961 by the President's Science Advisory Committee: 

"\)' ~ G;;--;;~b le~i s tha";--in - ~-h-;-;b~~-;;~~ ~i-';;;~oncl us i ve 

-\;l \\, technical intelligence on the USSR AICBM, the model of the Soviet' 

'> I ~ threat used in considering the vulnerability of the U.S. missiles~' 
I 

s bas e don the cap a b i 1 ; t ; e s 0 f the .. O .. S. N IKE - Z E US s y s te m ... 2 (S Tl 
•• - .-----.---••• - .... - .-. . - - •• ., . ~-. ..... ..~ . .. -"'"Y~""'~ -.. ... _- -_ •• -- -_ • .....--.1 
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boO /:, (/) . :L . 

:.~the success of the 

experiments were announced publicly by Soviet government leaders 

a few days later (Note 4). (S) 

It is in this uncertain threat environment that the 

first generation MINUTEMAN became operational in October 1962. 

None of the features known to· increase penetrability of even 

simple AICBM defenses were included in the design of the reentry DOE: 
------------------------------------------~2~~~i 

sin g 1 e R V had a 1 a r g e nos e - 0 ncr 0 s sse c t ion (0. 5 m) . ~. ·-1 

DOl? b (I) 
\ 

ere pro v ide d . 

The short time al·located to fiel~ the system had not permitted 

the incorporation of any of these features into the first 

payload, which was to be limited to Wing I only. However an 

awareness of the desirability of incorporating some of these 

features is evident in the plans formulated in 1960 under the 

title of "Re-entry Vehicle Product Improvement Program." Among 

the items proposed for the next gener.tion were a sphere-cone RV, 

penetration aids, orientation of the,RV, and hardening of the 

. structure against blast and x-ray effects. (See Note 5.) (S) 

i 
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As the MINUTEMAN force began to go into production the 

concern for .its effectiveness in a few years hence was the object 

of intensive studies at the highest level of the Department of 

Defense. The o~ly potential threat to the performance of the 

strategic forces in the mid-60's (i. ·e., to the credibility of the 

U.S. deterrence) was 'seen to reside in the postulated 

effectiveness of the Soviet ABM systems. A paper entitled 

ItMissile Penetration Study" was prepared in August 1961 by the 

¥j,. O~fi ce o~ .. the Di re ctor of Res ea rch and , .E.~~~ n~e~i n9· 0:-' ____ ~ 
forecasted the disastrous degradation which upgraded SAM SA-2 and~ 

, SA-4 coul d infli ct on our offens; ve warheads if these .ABMs were 

: to acquire the same effectiveness against single RVs as our own 

NIKE-ZEUS was beli eyed to possess. (, boD "(I) 

.... _. - 0-

...... J (See Note 6. n ('S) 
.-.. ~ . ... -. -_ ..... --........ . ~ ... ........ -- . 

A number of other concepts for deceiving and 

overloadi ng .the defense were developed in the It.Report by the Ad 

Hoc Panel on Warhead Vulnerability to the President's Science 

..• ~ A~~~~.~~~~_~.~it ~~_~'~. ~f June 1 ?~l. .liropos ed--s~i'~ ti·~ns. to th e 

-* \problem of penetration inclUde( 

, DOD k( I) 
"0 

.. ~) , 

"-.. 
\ ~(see Note 7 . ) (S) .. _-

.... ... ...... ~ "' - .. • - .. 0 .. .. ": • , 4O:: 
... .. " i: " .. 
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_____ F-.....It i; .n~~e-w·;rthy that all the sc~e~~-s-k:::-~;;;;-f;r 
]increaSing penetrability of ABr~ defenses had _been conceived 
1 

~before 1960~ Not only were the techniques well developed, but 

the multiplicity of problems to be encountered were clearly 

foreseen. In particular~ 

';~~··-~-0-t~-·8~-)·--(-S) -----.-.------ --- ------_._-
------- ... --~ 

~ 
In followi'ng the history of the MINUTEMAN reentry 

-
system it is evident today that MIRV provided the optimum 

_ solution to the growing number of requirements imposed on a 

missile force with a fixed number - of missiles. The mi'ssion 

assigned to'MiNUTEMAN and the c6hditions under which this mission 

had to be accomplished kept fostering demands upon the system. 

The task of maintaining MINUTEMAN's effectiveness led to a large 

number of MK-11 modifications and revisions in the· MK-12 design 

until technology. allowed MIRV to be implemented. -(U) 

Thus, unti 1 1961, in spite of all the known techniques 

to offset defensive countermeasures, only one had been funded in 

the U.S. It was the Navy's MRV A-3 reentry system. (U) 

4l--j 

.... 

) I I 
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When the given development of the 
DoB ~ 

1 _ f*:, R V for MIN UTE MAN I 1II.:!, .. -_/)_()_E._b-..;(~3....,.&... ___ --.~ me of the improve- ; 

De vel 0 fim~n t P 1 a n II 0 f 19 6 0 w ere ments suggested in 

included in the requtrements. The design phase began in June 

r 
,QF\1 ;tnd ended in June 1962 with an IOC ~f No_v~mbe~ 1963. ~ -J l 

DOE ,,- ----

; II ~ IJ(3) ; Jr 
# 
L . 

f,( 
< "-

\ " ~ 

~ . 

u , 
ODD 

I 
. 

-Th e d i 1 emm a ass 0 cia t~ d wit h the de s i g n 0 f pa y loa d s ~ -

a strategic missile force which can provide the flexibility 

necessary to deal with a great variety of attack situations is 

treated with great thoroughness in the DDR&E "~issile Penetration 

Study," 1961, (see Note 9), and the "Report of the Ad Hoc Panel, If 

1961, (see Note 7). The "wish list" was always larger than what 

could be accomodated within the thrQw weight available. 

Furthermore, the technological state -of the art did not permit 

swift modifications or short design time schedules. (U) 

~ 
-~ .~~ 

- - .. .... ..... ~ 
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During 1961 the Ballistic Systems Division (8S0) of the 

Air Force Systems Command was studying a series of new reentry 

vehicles for use in the "multiple mode". They were called the 

MK-12 for MINUTEMAN. the MK-13 for TITAN II and MARK 14 for 

ATLAS/TITAN I. Several mechanisms were considered for releasin~ 

the reentry vehicles. such as individual rockets to propel each 

RV or a spinning platform. The MARK 13 and 14 were never 

authorized. An- example of the type of studies conducted at the 

time is the report entitled "The Penetration and Target Damage 

Effectiveness of Single and Multiple Reentry V~hicle Systems 

Against an Active Te~,i"nal Defens_:.:..~(:.~': __ No~e lo:.~Eo types of I 
: depl oyme n t 5 ch em~s were i nves t i ga ted: a spi 'n de pl oymen t and an. ;~. J 
in-line deployment. The effectiveness of several payload ~~ 
configurati~~s varying in the n~mber of RV and decoys was 

determined for three missile systems. 
I 0 • d 0 

:In lcate: 
j 

poD b (I) 

The major ~onclusions 

JS) 
€ 1962 the ·ta rgets ass i gned to the HI NUTEMAN sys tern 

were mainly Soviet. r DoD 6 (J) 
L. _0 I 

Ld:;1 
I \.' 

:'~f V 
, 
; 
I 
• 

I 
l 

__ .. - __ -_____ ... __ -4,some of ' the pOint-::ff_ 

targets were expected to be hardened in the future. Most Soviet -~ -___ .. -''--'' _ .. -._ .... 1.. (\ ... 

targets were assumed to be defended in the future by terminal ~ t~ 
ABMs such as upgraded . 2..~:3_2.r SA-4J(Se~-O~--;;:)--(S)- .... .... - \. 

~ 
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The concept of maneuv~ring reentry vehicles (MaRV) as a 

means to evade interception was also seriously'investiga~ed in 

the early 60 IS. For ;'nstance, a design study and a study of the 

effectiveness 01 MaRVs against terminal defenses were conducted 

~.~J.r'-4n 1962 by AVCO with emphasis on d~_~~n_s_e of hard t~·rget<t:---:· 
v DoD "h(J) 

~ t "~"~ J 
\." ~(see note 12.) 

( S ) 

The fi r s t 0 f a s. e r ; e s 0 f DO 0 e x per i me n t s "i n ten de d ""t 0 1 
DOE 
~ Ie) 

~i-n-y-e-s-t'-'g-a-t .. as the MARSHMALLOW Event 2fJ 
June 1962. A large exposure area was provided at the end of an 

D~ evacuated pipe. ~\" ) 
· ~r" ---- DOE. h (3 

l . - .. ----------

J 
~ .,1 I nth eye a r s to f 0 1 '1 0 \~ 

m a "y de vic e.s ". we red e s i g ned who sec h a r act e r i s tic r a d i a t ion 

~OE resembled blaCkbOdy_radiator~~_~.~~b~O~E~'~(_3~)~~~~~~~~~_:~ 
"ll(3) S R D) 

-~::==::;'p~a~r~a;l~l~e;l~i~n~g~"~t~h:-:e~d;-:e~v~e~l:-:o:-:p:-:m:-:e~n:-:t~o:-:f;-:v~a~r~i~o~u-:-:S~-:D::():::~:-.L:-:(:'S:)---- "/ 

sources with higher radiating temperatures, advances in nuclear 

technology produced devices with enhanced neutron and gamma 

outputs. These changes caused sever~' redesigns of the MK-12 

reentry vehicle and warhead, thus c~~sing delays of the IOC date. 
b-n- -(S RD) 
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Despite the numerous studies i~dicating a keen interest 

on the part of DDR&E and the Air Force Systems Command in the 

fractionation of the payload into multiple RVs, the first -~\- -. 
I' 

_ pro p os a 1 for a M K - 12 con fig u rat ion s till inc 1 u d e d tw 0 d iff ere n t 

"single" reentry vehicles, the so-called IITwin-RVs". (U) 

The MK 12 Phase I study was published in August 1962. 

It described the reentry system for MINUTEMAN II Wing VI. 

Authorization was given for the development of a diversified 

payload within a throw-weight of 1100 1b (500 kg). (U) 

Each missile would carry a single RV with or without 

PIA, depending on mission and target: 
~ __ .__ .-'.-- r::;:;::: .. -. _.- _-.0 __ - _ .• - ... - - -~ .- - . -

/JoD J,(3)tbCO 
to~ b~?) 

_____ n(l~ 

A grea t number o·f des i gn req ui rements were i nc1 udedP' in 

the proposal, all directed at improving the penetrability of 

future defenses: 



~& •• 
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t 

pOD b{l) f b(3) 

J)o~ lb)~ 
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I 

ABM system assumed to be a threat to MINUTEMAN 
'\ 

years hence, i.e., for the time period 1965-1968 I th r~:-" to- fo u r 

fwas still the 
'f -to i 

-- ).~ ~capability it 

SA-4. Because of the SA-4 relatively low altitude 

was expected tha .~ L l . f -... 

, 

l( i) 

OoIJ 60) 

'--:sf s } 
'4) .Penetration aids could include 
.~ 

a) Decoys, or:
~ 

~",:~~ . b)" chaff. or .. . , : 

~ 

c) E eM. ( See Not e 1 3. ) ,'( S ) 

~couPle of months after the publication of this Phase 

n document, in October of 1962, the Soviets conducted their , . ..' - " , ._ , , 
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-:, ... : . ,'._- I " I • ••• 

. ''; 5 eco-nd -;e~·i e ~--~ fh i 9h~;·i· ~-l-d-h --.. -... ~---.- .... . . 
DoD b-( J J--- ... . . --~-~ 

, 
'4----

Despite ~issuance of the MK-12 Phase ~ Study (the 

Twin-RV concept) and the request by SSD for proposals from 

industry, the interest in multiple RV reentry systems had not 

waned. , In December 1962, the month that DDR&E interrupted the 

MK-12 bidding and r~directed the pro9ram, an interoffice 

memorandum of the A~rospace Corporation titled IIMK-12 

Optimization Studies" discussed at length a multiple RV 

configuration. It contains warhead data furnished by the AEC 

(ERDA) which served as the basis for defining the characteristic 

of the RVs to be used'in a multiple mode. The proposed RVs 

represent a. ,drastic departure from the Phase I instruction of a 

few .months earlier. Interestingly enough, the optimized weight 

and yield are es~entially those of the present MK-12 RV. (5) 

r
~--n part, the conclusion states: ~ 
~ ----------------------------~ 

DOl 

~: DO~ (h)(~\ 
Do D "( J J ( b (3 ) , 

J 
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In December 1962 also, DOR&E requested the AEC to 

cooperate with DOD in a joint ~hase 2 Study ~or the MK-12 R~

entry System. There were still two different warheads under 

consideration." However, the wei"ght and application of the 

MK-12(L) had changed. The RV was to be used for single and/or 

multiple (clusters, i.e., MRV) application 

penetration reentry system. The yield was now 

"consistent" with an RV weight oft.60b &(/) 

j&St:<--: wei ght of approximatel Ll:YJE 1:.(3") _ . The 

J-Ifl 

remained unchanged. achievement of a high 

invulnerability of the warhead_and the reentry system was 

particularly emphasized without specific goals being defined. 

(See Note 15.) The "Tw;n-RVs" concept had thus been changed to a 

" T win - Con f; _ ~"~ rat ion s ," 0 neb e i ~ 9 a M R V pay loa dan d the 0 the r a 

single large single RV. (S) 

Following the action of DDR&E in December, a revision 

of the August 1962 Phase I Study for the MK-12 Re-entry System 

w~s prepared by the Air FQrce Special Weapo~s Center and issued 

in January 1963. (U) 

.. . ~ 
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~ ... 

.,. . 

--II~ith a beta of 1400 lb/ft 2 (6835 kQ/m2DI(s) 
:.i · ~ 

lL .. -
!c!!I-;JYiel d requirement for thek00D (,0) · ...... -.. - .-.-.-.1 

-----.. -=It ,-1 -=1f-' ~ 
...., Doc- ~-(:sY' -s(arheadd,- i _ 

(5RD/CNWDI) , 

~see Note 16.) At this 

time also, DDR&E reported that the Department of the Navy 

., 

-, 

"desires to participate as an observer" in the development of the 

MK-12. (5) 

This was the first MRV configuration authorized for the 
. ... ~- ._-_._ ... .. -.•. ~ .. 

MINUTEMAN reentry system. ---------_ .. _. - .. -

DOD 

.. - . - . - .- ~ } 

~ 

------ .. _. --------.-----ok 
-4 

j f '.-:".-

.,f. 
~=t. 

I ..• 
. -., . 
." r • 

L-/1 
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~- ... 
The need for off-loading RVs in order to reach the most 

distant targets indicate clearly that the relatively small throw

weight and small diameter of the missile third stage had become 

stu~bling blocks in the design of the MRV and, later on, of the 
... ~ 

MIRV reentry systems. This fact became more evident within the 

next few years. The components and configurati~ns required to 

ensure the effectiveness of the system at all ranges against 

hard, sdft, defended or undefended targets were not compatible 

within the existing c~nstraints. The difficulties were not 

resolved until a new third stage was introduced in 1966 

(MINUTEMAN III). (U) 

The MK-12 program passed the next milestone in April 

1963 when the "Report. of the Phase 2 Feasibility Study of the 

Warheads for the MINUTEMAN/MK-12 ICBM" was released by DASA Field 

Command (now DNA). Three warhead designs, varying in hardness, 

weight and yield were proposed for in 

yield afforded b las also given. The 
~ ~ ~ 

requirement for ~DI.")fl:.(3) ~for the MK 

12(H) was stated to be "not technically feasible". Two W/Hs wer 

c()nsi~ed possible. how~ver:C. --~ •. ,- --

DoD h(-I} ~ . .i.(31 - - (SRD/CNW 01) 
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~... .. 

Until 1962 a vast amount of theoretical knowledge had 

been accumulated on the subject o~ the countermeasures and 

tactics available to the offense to ensure better performance in 

an hostile reentry environment. In practice, the adaptation of 

the conceptual designs to real hardware lagged significantly. ~, 

Until a hardened MK-12 could be deployed, the U.S. was determined 

to reduce the vulnerability of the existing RVs in the force. 

This was done piecemeal by hardening thr~e versions of the MK-ll 

to successively more stringent requirements against x-rays, EMP, 
----- -_. -.~ 

and __ ~_~!~_~:_ ~ cha ff penet ra t ; o~_ .. _~ i d~_._~ ..u~-~l.~ t~~ __ w_a.~._ a~.~e_d. to th e ~ 

~1aS t vers; ~~i~_~-_l~ C L.; / Th e s e r ; es 0 f ; mp rovemen ts b ro ugh t to th e 

MK-11 reentry system began in October 1962 for the MK-11A and 
\ 

ended in 1966 for MK~llC. (See Note 17.) (S) 

B. Th'e MIRV Concept (U) -

The concept of MIRV is 'purported to have evolved during 

the period of late 1962 and early 1963. Several independent 

"inventors" are credited with important contributions to the 

idea. The need for a MIRV-type system had arisen from the 

growing number of ever more numerous and complex requirements 

which had sprung up during the few preceeding years. Technology 

had progressed on many fronts; the time was at hand to pool the 

;I>DfIPJ?I.MJI.,-
.- - .... -. . ....... - ... -
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o p po r tun; t ; e s pre sen ted ,b y t h ~ res u 1 t s 0 f re sea r c han d to 

synthesize 'new means to fill the needs. {U} 

The major areas where innovations and developments 

brought about results useful to the impl~mentation ~f the bus 

concept were in propulsion systems {restartable rockets}. 

guidance and control (gyro design, on-board computers, stellar 

update). reentry ,vehicle design and materials. and warhead . 

design. (U) 

In the early 1960·s, fallout gained from several space 

programs. not all associated with military applications, was a 

series of develoRments directly adaptable to the realization of 

maneuverable platforms for ICBM use. Two such programs, ABLE

STAR and TRANTSTAGE, are direct predecessors of the MIRV bus. 

Both involved space vehicles designed to place successively 

several satellites on different orbits. (See Note 18.) (U) 

Simultaneously, at the Nuclear Weapons Laboratories, 

research programs were directed toward the design of small 

thermonuclear warheads and AFF packages. The success of these 

programs contributed the prime component necessary for t~e . 
producti on of RVs of a si ze requi red ~'by HI NUTEMAN HRV ~nd MI RV 

systems and by POSEIDON MIRV system. (U) 

An area of R&D which offered an alternative to 

multiple warheads, or at least had the potential for reducing the 
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number of warheads on the bus, was the design of decoys. 

~_rOUgh~U t -th;-d;;~-l op~;~-;- ~f -penet ~-a t;-~n· a; ds~or the M~=~~--~~ 
:MK-12 reentry systems, the Air Force showed great interest in the r 
; 

f 

~use of low altitude decoys in order to overload te~minal defense , 
t 
I !systems. The efforts proved fruitless, in the end, for decoys 
i 
~could never be designed to the specifications desired. 

I 
None have' 

i 
~y€t become operational. One of the most severe constra;nts was 1#=-:i 
I 
i 
ithe small weight allocation. Studies had alr~ady shown in 1963 

I that unless the term;nal ABM ;s capable of . ; ntercept;ng a very 
i 
f 
1 large number of objects, multiple warheads are of greater benefit· 

I
'to the offense than decoys, even if they arer- _ i 

. Doo._~!.!2__· . - - __ .' -:;(F~-r -~;:xa-;;-;:-;;;';~-~-e 
~.) (S) 

As· ··w e h a ve poi n ted 0 uti nth e pre fa c e, the m iss ion, the 

extent of deployment, the expense outlays and the other aspects 

of key weapon systems such as SAFEGUARD and MINUTEMAN, which have 

a major impact on int~rnational politics and national security, 

sometimes generate controver.sies at the highest levels -o'f the 

decision-making hierarchy. (U) 

It is not our charter to a~~lyze this particular 

subject; however, it is worthwhile to mention one of the 

important arguments advanced at one time against MIRV at the 

higher echelons of the Air Force.' Its impact on the early phases 
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of development of the MK-12 program is manifested by the 

inclusion of a MK-12(H) (heavy) until the cancellation of the MK-

17 program in 1968. (U) 

Within the Air Force there seems to have. been a faction 

resisting the MRV idea until the mid 1960s. The main reason for 

this opposition was a preference for large, rather than small 

warheads, particularly by the Strategic Air Command Chiefs of 

Staff le May and McConnell, and by Assistant Secretary of the Air 

Force McMillan. In part, this preference was a legacy from the 

massive retaliation strategy of the 1950s. The Soviet de

velopment and testing of very large weapons in the early 60s 

could have also reinforced this preference. Given the Air Force 

mission to destroy counterforce hard targets, another reason for 

the opposi~ton to low yield wapheads was perhaps a reluctance to 

r~ly on the complex and unproved mechanisms necessary to fulfill 

the yield/accuracy trade-offs. In addition the location of point 

targets was not known with the necessary accuracy. (U) --.-- -.- -.-.~. -, 
. The reta1iatorY'mission of the MINUTEMAN force in 1963- l -----....-

19 6 4 s till co n sis ted 1 a r gel y 'i n th e des t r u c t ion 0 f. s 0 f t u r ban -

industrial and military targets. The 222 major cities situated 

ithin a 5500 nmi (10 200 km) range,·\.represented one-quarter of 

the population and Sixty percent of the industry of the USSR. 

~mong the growing list of military targets, most of the locations 
--_ ... __ .-..---_ ._--_._-- - -_. __ .. _ .• _-----.- ••• _ ... -,. _ .. --.-$"~'-":" '~ 
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\ -----_._-_.---
!were poorly defined. As a matter of fact, of the 70 ICBM launch 
i 
f pads known. then, only about ten percent had coordinates'within 

4= DOD ,(I) ~ 
. _ ~as soon as satel1ite· ;~ 

f surveillance systems became operational. Furthermore, the . I' 

f 
~ available information intelligence did not . provide adequa~e data 

i to assess satisfactorily the hardness level of new military sites 
• r which were "expected to be hardened" in the future.' (See Notes 
J~~_.~_~ 1 iJ (S) --.- .. - ., .. _-_._.-. - .... - - .. - " '. '-'-- . ., .. 

. There was also a feeling within the Air Staff that to 

support MIRV would have hurt the Air Force1s case for a larger 
). 

MINUTEMAN force commensurate with the increased list of targets. 

Acceptance of MIRV and the resultant increase in warheads would 

have weakened the case for more. missiles. This is precisely the 

advantage that Secretary of Defense McNamara saw in MIRV and the 

view which prevailed ultimately~ MIRV, in his opinion, offered 

the least costly means to increase the number of warheads. 

Furthermore, MIRV constit~ted one of the measures which could be . 
taken to discourage the dep~oyment of ABMs, the effectiveness of 

which he doubted seriously. (See Note 22.) (U) 

The desire to equip MINUT~MAN with multiple RVs was in 

favor' within the Ballistic Systems Command of the Air Force. At 

the end of ~arch 1964, just before the release of the MK-12 
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Military Characteristics (MCs), the "General Electric Company, 

under contract to BSe, published a "Multiple Re-entry Vehicle 

System Study". The constraints were relaxed for this 

investigation fo pe'rmit the design of two vehicles lighter than 

the MK-12 "Prime," i.e. the MK-12(L) as defined in the Revision 

~~~~se I StUdY.~ 

DOD b (/) 

24ii.SI 
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~ .. 

-- ~ h POD b (/) u c an increase was proposed by STL and Aerospace. 
'. - - .. __ . . - -~ 

(S) . 

In October 1963, the Director of Defense Research and 

Engineering requested the Assistant Secretaries (R&D) of the Navy, 

and the Air Force to initiate a study to determin~ the 

practicality of dual application of the MK-12. As a result, a 

joint management agreement between the two services was issued on 

January 1964. The MK-12 RV was to be used without modification 

on MINUTEMAN and POLARIS missiles. (U) 

The immediate effect of the joint effort entai led the :.:.~:~ .. 
tfl{ 

adoption of common vulnerability requirements. The vulnerability 
\ 

criteria required by the Navy were significantly higher than 

thos e ori gi na lly set for th e Ai r Fo rce s,Ys tern. ~~e neut ron fl ux L\ :~ 

I r ----""'!'!"--- ~ , ~ 111. 
req ui rem~ nt ~.- for ; ns tance, ~ DOD 6(1) - f £ {:s . . a>~--~.--~~--~----~--~~~~~~~--------~ , ... 

. It was adopted in December of 1963 for the 

proposed MK-12 Military Characteristics. (SRD) 

The final go-ahead for the MK-12 MRV reentry system was 

given in June 1964 with the issuance of the Military Charac

teristics and the authorization for Phase III of the W62 

warhead. In the same month the Stockpile-To-Target Sequence was 
.'.~ 

also distributed. (U) 

.A6~@Il!Mt? 
"' t~F?n 
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A month later (July 1964) BSD published the "MK-12 Re-

entry System Design Criteria". 21 (U) 

.. ___ . ___ ._.~~.e . . s_~~te.d p.~~~~~i.~.l .. _u_s.es for th~ _ RV we.re: til as a i 
(

single ·RV with or without penetration aids on MINUTEMAN II (LGM-l 

30F missile) and, 2) as multiple RVs mated with the deployment 'I' . 

.1 module (a) on the same LGM-30F missile. (b) on the Advanced \ 

; F 0 L A R ISM iss i 1 e S y s t em and (c) 0 nth e TIT A N I I (L G M - 25 C m iss; 1 e)" :'. 
-. _ .. _ .. - . - - - .-. ~ .. . --.. 

(S) 

The reentry vehicle .specifications had not changed 

subs tan ti a llY.C ---- _. , -- - :--.~-.--

\ 

DOD b(l) " 6(3) 

~ -, 

During the 

~(S) 
summer of 1964 a re vfew of the MINUTEMAN I I 

scheduling and the delays in the MK-12 program led to the 

decision to deploy the missile with the old MK-l1 reentry vehicle 

as a stop-gap measure during the development of a MK-12 MRV 

system for MINUTEMAN II and with a ~arger version of the Navy B-3 

(later renamed POSEIDON C3) which w·ou·ld also carry a MRV front 

end. At the same time a revised version of the MK-12 heavy, 

call e d the M K - 1 7 , was a 1 s 0 fun d e d. for des; g n de v ~ lop me n t . I t was 
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:- .. . 

intended for use on both MINUTEMAN II and POSEIDON in a mixed 

force of MK-12 1 s and MK-17 I s. (5) 
. 

In the meantime the MIRV concept ha~ gained wide 

acceptance. To make the deployment of the MK-12 MIRV possible, 

the Military Liaison Committee changed the MCs on November 24, 
-- --~....:..1., .0<. 

1964. 
r 

L 
~ ~ 

Finally in ear.:ly Spring 1965 the decision was made by· ::: 0 

DDR&E and Secretary McNamara to fund i~ FY 1966 the MK-12 MIRV 

fer retrofit onto MINUTEMAN 11. 3 Studies began immediately to 

evaluate the effectiveness of various configurations of the MIRV 

payload which could be acc_o~~c:.~~ted on a bull 
.-... .,: 

b lJ) "". w . S) . 
d 

"The major issue still undecided about the MINUTEMAN 
M I R V i n ear 1 y 1 96 5 was the pre cis e des i 9 n 0 f th e ··0-

missile that would carry it. The authorized program 
called ·for the Mark 12 MIRV and the Mark 17 to be 
retrofitted onto the MINUTEMAN II booster. But there 
were problems wi~h this approach. Although the Mark 12 . 
had originally been sized so that a Minuteman II could 
carry three of them to full range, it was soon 
recognized that weight increases. would reduce the " o -.;~~ 
missi1e 1 s range ·and that °an undesirable "hammerhead •. ,: 
design would be .required •. __ One of the MINUTEMAN engine 
contractors had been trying for years to sell the Air 
Force a wider and more po~~~ful third stage which would 
have eliminated both. these problems. Although the 
utilization of this new stage had long been recom
mended, the development program as approved for FY 1966 
did not include it. Instead, probably to recover some 

f .. • • • - - - .6 ...... - .......... ", .. 
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of the original range, only two Mark 12 reentry~·V'ehi
cles were planned. Through 1965 the advantages of a 
more powerful third stage became increasingly evident. 
These included, besides the ability to carry three 
reentry vehicles and eliminating the hammerhead, 
room !or more penaids and more propellant for the 
bus .... (U) 

The expanding knowledge about the output of nuclear 
.. 

weapons was also interacting with the design of the MK-12 RV. In 

November 1964 the Navy suggested a change in the x-ray 

vulnerability requirement from the origina 

~E I'., ., Doc 6(3/ 
~~ __ ~ __________________________ ~=::J~-=nThe change was adopted on 

December 1964. On 11 December the Air Force proposed another 5~ 
~1 change which reduced the 

a brief summary of the impact of these changes in 

the warhead design program, see Note 24. (SRD) 

-- ., ....... 
.:J.., 

- 'I 

.' The second majo ~xperi ment sponsore 

40f by the DOD, the ,GUMDROP Event, ~ fi red on 21 Apr; 1 1965. The 

,_~ source was agai . (S) 

_. ____ ._ .. __ ·tE.n~~" ~~-u ."S·~ . t~~h no 1 Og~';-'j-s -a-s s u~e tI-ho'~;I,,[f"d?'>r-
.. I _. '4tl 

~'); lalso to potential enemies, each achievement r ..... I;~j "'"'': f'. 
~!:Y---.is __ ~ . ..!l_~_~ fe a ~_~_~_e,. a dde d.~_~e th rea t ).If) Ie I. T It ~~ 

J::A! !, " 
.:. '. 
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y .- . - _. - ... -. '. .-... -.. ~~.-. --..... -.. ~ ~ 
";1' -, 
- '1' ~ 1 .. / 

1 · l ·f-
enhancement of the neutron output remain~d largely an area of 

concern -for the ERDA components (wa rh ead and. AFF). However, the' 

increase in temperature of the radiating sources affected every 

,item of a reentry vehicle and penetration aids. It also created 
j 

~ a lethal environment at very low flux levels for the missile . , 
I 

: components during ascent and aggravated the pin-down problem. An ~ 
; 

; immense effort was devoted. beginning in 1966, toward acquiring 
I 
t 
I 

, I 
I 

; the basic data necessary to harden missile systems, offensive and ~ 

:defensive, against a wide range of possible characteristics of If.- ~ 
i the nuclear environment. The main thrust of the activity, 

I involving the exposure of sample and hardware to the radiation 
I 
i 
i from nuclear explosions, was directed toward the collection of 

, i raw· data.' the develoP1'1ent of mathematical models and the proof 

I te 5 tin g~f des i gn ed h a..r.Q.w.pi.!!:Js·)· - .. 

po--____ I The-fi;st~£'{J) ;!st was conductea by the ~EC 
\ (ERDA) in a vertical hole with -;- few small material samples 

! 

DOE 
IG) 

llocated near the ground level_. __ ~ ___ O_o_O ____ ~_(_·)_) ______________ __ 

~i ____________________ . ______ ~~~· Subsequent large scale ~-~ . ~ 
experiments which bear on the development of the MK-12 are 

reported in Note 24 • . They were conducted mostly under the 

auspices of DNA. Structures and whole reentry vehicles were 

exposed at various flux levels underground in horizontal tunnels 

and at the ground level above vertical holes. A wealth of 



COVO-1571 

Page 55 

,:"" .. 

information was acquired through these programs • . -- ,. -'~~'--------------------=!!!!.!-.~~--~I:;iii~ 
~.:- /)()O M./) ~ 4 ~3) -...::::r:;:: 

.t • 

(s RD) 

In 1964 an intensive seven months study, _the PEN-X 

Study, was conducted for the office of the Director~ Defense 

Research and Engineering to review the technological base for 

planning payloads for U.S. strategic missiles during the next ten 

years. Consideration was to be given to the possible Russian BMD 

systems. The products of the review were the PEN-X Papers, a 

series of more than 80 reports representing specialized, a~ hoc 

studies performed and written by the members of the PEN-X staff 
\ 

which was composed of IDA staff members, IDA consultants, defense 

contractors under contract with ARPA, BSD (AF), Special Projects 

Off ice (U S N ).. and the A E C. . ( U ) 

The timing of this comprehenstve study, whose repDrts 

were issued in 1965, is significant to the history of MIRV as 

well as MINUTEMAN. It represents all the expertise which the 

nation could muster immedfately before the decision was made to 

increase the throw-weight of MINUTEMAN. To what extent the 

results of the PEN-X study influenc~d the final configuration of 
t 

the MK-12 reentry system is difficult to ascertain. (U) 

A few examples of the .type of research conducted during 

this period are mentioned below and their content outlined. For 
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further details the reader is referred to the PEN-X publications. 

(U) 

1 . .p EN - X Pap e r 3 9 - " S tag e Dis po sal Cap a b i 1 i t Y 0 f 

Strategic Missile Systems" (U)24 

Several techniques were investigated to obtain 

significant random separation between the reentry vehicle(s) and 

the spent terminal booster stage or post-boost-vehicle. The 

various methods analyzed in this study were: 
r:\----...... - -
'~~) Ret ro rock ets . 

i 
b) Reentry vehicles ejectionl , 
c) Post boost control syste1l 1 

-t ( ; ') 
'd) Booster impulse . 
e) Ex p los i v e f rag men tat i O!L :'~~ f( S ) 
__ e. __ .. ___ • _.,; - •• _. __ ._._~. _____ ~-----

2. PEN-X Paper 49 - "Ballistic Missile Weapon 

Delivery Accuracy: Present and Future" (U)2? 

The report reviews the accuracy of MINUTEMAN I 

based on error analysis, R&D-ETR firings and Qperational-WTR 

!,.i ri ngs. WNUTEMAN II error an a iy~'i~-i-;-;e'po-;:-t-~dt~"p-redi ct-~-l ~'. 'i. 

Gi -. DOP~ I. (I) q ••• ~::;HHOW-;~~-~~-~ ~ve~~l-i;;;;~~-~'e-~ts--;;;;~~-ed -~: 
. ~toneti cs were expected to rs the gui dance and control 

~~_~ (I) __ ._ .. ____ . he comments related to 

future MIRV systems on MINUTEMAN II are the following: (~) 

~jg6iMi1'E 
.ssanw 
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tlAl'thOU~h'th-e °threOe MK-I2' reen~o;o~ v·~-h·i~ ·i-~--Opayloa·d:~ . 
primarily useful against soft targets. predicted _ .. ~~I 
improvements in inertial guidance system technology,_!!, 
r:ealized. also can give MINUTEMAN"ll MIRV a h~r:-~ tarm 

LP..a.b.jJ..i . .ty jn the early 1970's." '(S) --_. o · ' . _,0 

In 1964. BSD and the Aerospace Corporation estimates 

;~~o~ .we~pon delivery accuracy of a bus system was,"Dt,; (,0)_ 

., . ..'-- '_ .. ' ,.- :::Js ) 
.' ._ .. _ .. __ L_A.dvanced systems such as SABRE (Self-Aligning, Boost. 

u' and Reentry inertial guidance system) and maneuvering vehicles 
,; 

I are also discuss,ed. In part the concl usion states: ( (S) 

1 
II ff the des i g nob j e c t i v e s for ins t rum e n t per for man c e" . 

. are realized, then a whole new set of options becomes 
javailable to the strategic force in warhead design, in 
i.multiple independently-targeted reentry vehicles, and 
Lin r e en try man e u ve r i n g t act i c s ... (S) - .0 • ..-~ ----.......- ..... _ .. . -_ ... -

3. The study of concepts for future systems is 

summarized in PEN-X Paper 58 en"titled "USAF Advanced ICBM 

concep~~'~ __ ~our SYSi_:~~-..!:oposed: ( .-

IJOD 6 ( J) 

-0 

, 

- {U -t;:./ 
. .. - " . . , '" 
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.. .. 
The gui dance and control system of each of these w.eapon ;b P 

systems was · expected to be considerably improved, including the 

use of versatile general purpose Airborne Digital computers. 

Excerpts and figures from the section on payload description for 

ICBM-X are reproduced in Note 25. (S) 

The general conclusions of the PEN-X Study were 

p.resented in Report 112. They are reproduced in Note 26, (U) 

As the design of the MK-12 passed through one version 

after another, the perceived threat loomed more and more 
"-

eff~ctive and extensive. Intelligence information indicated ~ . .. ~ •. " ' :- 'i· /. -
: . 

-U . .....t • 
~-

fast rate of interceptor deployment by the Sovi·ets. ~ximum 
.. _._ ... --- - ......... -.- . .. ~-' . . . . .... .. . _ .. . f · -

plausible proj.e.ctions, made in January 1965, postulated an ABM 
. : 

\ threat of 2000 area interceptors by 1971 and 8000 termi~al 

I interceptors-by the. ~_e~r_ 197sJIsee Note 27.) (S) 
1 . .... . _~- .. _.,.._. 

The prospect of a very strongly defended Soviet Russia 

during the service of the MK-12 reent~y system of MINUTE~AN II 

prompted the study of interim solutions to maintain the U.S. _ ~ 
• I .. 

"Assured Destruction" capability which was defined as t~~ -'-=ff'.'~'~-" 

de 1 i very ./)i:>t:J b (I) ::::;;Jh e .... 

new payload under study was the MK-18 reentry system. This was 

poe I:,(3) . .ith yields 
JD~~ 

-__ --. __ ~_I 
-~ 

~---------------

the Air .Force . designation for a gen~~ic class 

- -. - - .. ..... ' . -.-
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DOE ~?~::::::::-;;..;~;....l>_C_b_(_\),,;:;) __ -:"!:,.}The program was 'variously called HALBERD; CRESS I ,1 
L 1(3) _"':'r ~ ~ 

or MK-IOO. The study was conducted for DDR&E by the Systems 

Review and Analysis Group of the Office of the Deputy Dir~ctor 

for Strategi c and Space Sys-tems. A comprehensive report was 

issued in February 1965. The princ~pal configurations examined 

as potential payloads for the lGM-30F missi'le of Minuteman II 
--.---- ------ i!!It~ -------------

-4(~ .~Cl.~~~~.--~ RV~ h::::7n 6~:)iu-:r~/;~~-d~-~-~-~ ~heud·~~~;~-;·~-~tion 
" --~....uI 

of the effectiveness of various MK-18 reentry system 

configurations and deployments in place of the planned _._ 

DOE I:' ?o.~_~t.;j~--_--=-:=----~~~;.!ll~he use of-;eacto'r" -

.1ii3) prod uc ts was su gges ted ri n 0 rde r to inc reas e tcg;oot:." 6(3/ :l 
*?' the ield of the ~ 6(3") .. llocated to the warhead.q A r 

new third stage for the missile was discussed. (S) 

The MK-18 program was never authorized. ~owever. a new 

study program of small reentry vehicles begun in June 1970. It 

_ was the ABC program (Advanced Ballistic Concepts) which lasted 

j)O~~ until the middle of 1973. 

~-~~ --,,_~? with a /JOB. _~!' .. 9 ___ ,_.,_ 
J ~ / called for a hardness 

1;( 1 -

wei gh e . po6_~(3.2. .,. -
The vulnerability requirements 

n an 

~<'l) attack configuration considered more-· realistic, i.e .• for defen-

sive detonations occurring on the leading and trailing RVs. The 

program included a few flight tests. At the end of 1973 a new 

. .. . ' " - , .. - ....... -:. ,:.r, ..... '. A-- I" · - . 
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program for the development of a seven RV capability for MINUTE

MAN III was initiated and is still going on at this time. It is 

the PAVE PEPPER program. (SRD) 

In the late '60s and early '70s the Air Force 

considered an ICBM version of the Navy MK-3 called MK-3A as a 

backup system. (5) 

In February -1966 the "Mark-12 Reentry Vehicle Design 

Criteria" dated 10 July 1964 were superseded by BSD Exhibit 65-

59A. lhe MINUTEMAN III had not yet been formally authorized and 

the requirements were still for use with the MINUTEMAN II LGM-30F 

missile and the Advanced POLARIS Missile system. Of particular 

interest to this history of MINUTEMAN MIRV are two major changes: 

fuzing options were spelled out in greater detail and the vulner- J)Cd 
Ji;;;;; .,.-,-: . \ 

ability to x,.ray at reentry had. been lowere~=Do(; J.{32 16) 
~---lM~ ._ . ~~ 
i- d 9a ins t the des i res of th e Na vy. (See Note 28.) (SR.D) f 

C. MINUTEMAN III Missile and Reentry System (U) 

In March 1966, the MINUTEMAN III was officially 

authorized .for development. A new third stage was the major 

change in the design. On April 25, 1966, BSD issued the new "Re

entry System Design Criteria" revisi-ng BSD Exhibit 62-59 dated 15 

June 1965. The R/S was to be designed for common use with the 

MK-12, MK-17 and MK-18 reentry vehicles and their associated Pen-

..- :-. ;: -,,:: --
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Aids. The document contains a detailed set of requirements for 

the PBV (bus) and the various configurations of ;ts pay~oads 

which included MK-12 RVs, chaff and decoys. Requirements for the 

MK-17 and 18 systems were not defined since these two systems had 

not yet been authorized for deployment (and never were 

th e re a f te r ). (S) 

Following is a summary of the principal requirements of 

Do/::> be,) 
.~~~=i""'~-s-)---·-----·--· 

-. ---'''-.. ... :n 
Missioos: capabi1ity of attacking -- ------...... _. __ .-- - ... 

undefended targets 
~. 

target(s) def.ended by an area defense only; 

target(s) defended by an area and terminal:·· 
--------U!!~----'-.. .,. .... . -.. --'.~-.-"""---.-.. -- .... ---.. -.-.- .. -
i de fe n s e!1 (S) 

-I/t3 
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Configurations designed to fulfill these missions. 

Con fi gura ti on 
Name Components ;.,::=====----------------_._-_ ... __ ._- .. ~ 

~' 
1 
l 
i 

... -, 
\. 

. - I . In - -
DoO 

~~ 

vary 

I 
I 
! , 

\ ! 
s) J 

)11 
~, _~_ ... _ -______ .-•. __ ._.~ .. - __ .. _ _-.---_ ... - •..... . .::. .. -.;e~$) 

~~ lift-off weights associated with these payloads .---froe DO~', .b.~J!.~. ___ , __ u JS) 1>,1:; t>('j .:r ~. 
Fo·r more details see -Note 29. (U) 

After an extended period of planning, a development 
·,t~i..! 

~~>f 
~-------------~~ 

contract for the MK-17 was awarded in April The W-67 ~ 

warhead design goal inclu~ed at::. bDl) !JO) 1.::-tt-!2 
and the highest practical output temperature within a weight of 

_ J~]Y one part~al nuclear tesVE- 'I)) ..;}as 

fire~. The follow-on test was neve~ shot and the program was 

cancelled in Janl!~_~t._1968. (See Note 30 for a schematic of the 

device.) (SRD) 

. "-~ 
: : --.~ 
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On 1 June 1966, the W62 FPU date (First Production 

Unit) was changed from October 1968 to April 1969 to support an 

IOC (Initial Operational Capability) date of July 1969 (MINUTEMAN 

III weapon system with the r~K-12 reentry system). <,S) 

However, during 1966 ' serious problems were encountered 
"".-..... . _,.-. .. - ...... ~ 

d u r i_~_ ~_ . t.~ ~ ... ~ e s ~. f 1 ~ g h. t . . 0 f . . t h, ~ . M K - 12 _ r e e n try v e ~ ~ .. :.!.~ .. _.~ ex p e c ted 

;phenomena associated with small ablating RVs, notably extremely 
I i 1+hi9h rates of spin. led to the 

~
tmOSPhere. The understanding 

breakup of some RVs in the 

of the causes and the discovery of I 
~::\.~\ he remedial measures [: 000 

. rogram considerabl~) 
b (I) __ :J-~-~,Y~E. th ........ e __ 

"\ 
In order to provide the existing MINUTEMAN system, in 

the interim, with a capability against high altitude area defense 

(GALOSH), thE proposals which had been made in 1965 to harden the 
-DOE 
. ~IeI~ MK-l1 were authorized. The development of an x-ray hardene~ MK-I 

~?l1C --..,/__ DoD I,{I) _ Dotl(,b):; . 
..... __ ............. _g~:" i_~.~a r~h ~::6~ ... f IA-_:t-. -t-h-e~s""a-m-e--t-'-· m-e-t-h-e-d-'e-S-i-g-'n-'~f~ ·1 
PIA chaff system (the HK-l" PIA) was initiated. The MK-11C becami 

""-:'" . : 4; .. ~~ . 0 p ~ rat ion ali n J u n e 19 6 7 w ; t h 

~~ ~idS in JanuarLJ.~~0SRD) 
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In October 1967, DDR&E ordered the termination of all 

compatability requirements of the MK-12 for the Fleet Ballistic 

Missiles Systems. (U) 

________ ~·~_D-eCOy~~pable of simulating reentry vehicles dow~ to 

very low altitudes have been a part of most of the Air Force 

penetration packages since they were suggested in the late 

1950's. The questionable value of allocating weight to decoys I 
instead of additional RVs, even .against high capability ABMs, hadi 

I b e:~u . de~~.n~ t rate ~ .i n th":'_~~~ .. 6o..'_s.~hro ug~n~m.e.:'~!:I.s ~ tu ~ies J S ) 

In spite of these conclusions the development of decoys 

'" ~ ; - • I 

was pu rs ue~!!!2.~.~ho.~.! ... ~!!_e_~K_: J2. program .. liLe a t te ct;"-;:;i-ca 111)~:i1 
difficulties were encountered during the development of the : .... - . 

:decoys for the MINUTEMAN III in order to achieve a near perfect 
I 

t 
match to RV characteristics. This goal was never satisfactorily . 

package. The list of constraints which must be fulfilled in i~ 
I 

accomplished and decoys are not included in the MK-12 PIA 

order to obtain an object which will fool the defense1s 

dis c rim ina tin g t e c h n i Que sis imp r.e s s i ve .:JT here Qui r e me n t s p 1 ace d 
~. - ••• -::-;_ •. - .••.• -"., .,. - _ .. __ a- __ ._. _. _ •. -. __ "1Ir ,. .. ---.------.-

on the Mk-12 decoys are shown in Note 31. (S) 

. The first group of ten MINUTEMAN III became operational ~(~. 
inJun e 1.~ 1.°.. -&·-s~~~~~ 'j s "de~ 1 oyed without de coys and th ~'r~' i sl1~L 
r~~ p jan ne d .i.~.?_~.~!.~~~ n.t for th e. ope ra ti on a 1 fo rcQTsT··· --. ." -~ '. . 

. - . 
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.~----.---- -.- .. -_.- . - . - --

__ . ___ - __ ~-~-ur different configurations of the reentry system are 

available. The number of RVs is either two or. three, with or 

~ without chaff. One, two or three targets can be attacked 

~~ ~·depending on the configuration. The accessible range (2000-7000 

nmi) is a function of the payload, thus, a function of the 

J~.~~!_~.gu _r_ation and the launch angle (20C'-400):J~-j" 
Note 32 is a drawing of th~ W-62 warhead and Note 33 is 

a cut-away of the RV showing most of the internal components. 

( U) 

Detailed characteristics of the reentry system, reentry 

vehicle, post-boost vehicle, chaff, etc., are given in Reference 

32. Figures 34-1 through 34-5 in Note 34 show: a) the MK-12 

reentry system, b) orie of its separation sequences, and c) two 

different -attack patterns. (U)-

The MINUTEMAN weapon system consists now of a mixed 
. for ceo f~------------ -- -:- -' ~~ .-" ~ .- -- -.. ~.- -- ~ '.-: .... -~ .. --.- -. . 

~~-::' ~ . 000 b(J) 
\ . 

• r 6~ . 
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V. APPENDIX 

NOTE 1 

Excerpt from IIMINUTEMAN Ballistic Missile Development Plan" 

(Sept. 1960)(Ref. 1): 

"WEAPON SYSTEM OBJECTIVES AND PHILOSOPHY (U) 

A. GENERAL (U) 

The basic objective of the MINUTEMAN program is 
the development of a single, economical* ICBM Weapon 
System capable of surviving nuclear attack and strikfng 
back. The desired deterrent effect is provided by 
convincing an enemy that any attack of his will surely 
result in i retaliatory strike which will destroy his 
industrial centers, government centers and other 
5 -t- rat e g i c tar get s. (S) , 

The nominal missile design maximum range is~50ol~~ 
tN.M. (10 20.q K!1l]. The first Wing of the Hardened and 
Dispersed Force, deployed near Malmstrom Air Force ~ 
Base, Montana, will be SU~lied with missiles having ~_ 
rang~ca ability of from ~OO to ~O ~M. (85QO to, 

:9.1SD-.km ( nd equi pped wi th warhead DoE ./.(3 
(yield]. nticipqted performance ga due to propu si · 
system improvements, and the incorporation of the 
lighter, higher yield warhead for which the system was 
designed will provide specification missile performance 
in the second and subsequent Wings. The Harden~~.. ' 

di s pers eeL For.Ii:L i!i des i g~ed to ac~ i ~ve a CEP 0 f 0cP::#J¥·:j... 
J>o D h (, ) _~ n de r 0 p t , mum con d , t , 0 n s. ( s ) 

\-- The MIN Lr1T"M AN We a po n· ~ S·y s t e m has bee nco n c e i ve d . 
under a philosophy of greatest cost effectiveness.* " 
This requires a weapon system that is inexpensive* to 
build and install, is simple to operate* with minimum 
per son n e 1, has a 1 ow 0 b sol· esc e n c era t e, can be pro d u c e d 
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NOTE 1 (contd) 

at high rate, and is effective with respect to striking 
power and invu1nerabi1ity* to attack. (S) 

MINUTEMAN gains a dramatic advantage over present 
ICBM systems by the use of solid-propellant engin~s. 
Thi 5 5 i n91 e fea tureG r.D.l~the mi 55 i1 e to be capab 1 e 
of launching within /)()D~(I . f command and to be rugged, 

~~ flexible, simple, a ec ical in opera·tion. The 
I. ~eve1opment philosophy of MINUTEMAN is to exploit this 

advantage to the fullest extent through a we1l-
i n t e g rat e d de s i g n 0 fall e 1 em e n t s 0 f . the s y s te m ." (S) 

* Writer's emphasis. 

NOTE 2 

Quote from the "Report of the Ad Hoc Panel on Warhead 

Vulnerability to the President's Science Advisory Committee: 

(Time 1961) (Ref. 2) 

liThe potential desirability of decoys was 
recognized as early as 1955 but the development work on 
de~oys did not begin seriously until 1959. Development 
of decoys for the MK-3* and MK-4** RV and some 
experiments of ~TLAS booster comprised most of the 
penetration aids program through 1960." (U) 

* On ATLAS. 
** On ATLAS and TITAN I. 
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NOTE 3 

Excerpt from the "Final Report POLARIS MARK 2 Re-Entry Body" 

(Aug. 1959) (Ref. 4) 

* CCM 

"(~lr··DD·D6 (J)-- .. -.-.-=~.-.-- \ 1t~-
______ u. . . ITt ~·~-·-~~~{-d·ed th-a t ·b~ ll;~·ti~-· ~-;s-~ii-~: 
countermeasure s~tems should be capable of inflicting 

.significant attrition to the reentry body system by 
,1963-1965. While no practical selection of design 
:variables for the reentry body proper is foreseeable 
ithat can prevent timely detection and tracking, 

\

saturation of enemy defenses is feasible by the use of t -1 
effective decoys, multiple warheads, and salvo fire, .~~---+ 
~.q .. _s._i n. ~J_.¥~ .. _'? ~ .. ~.!1. ~ ~ ~.b ~.!'~_ t i .~ ~ .~ ( s ) --_. "-

" = Counter-countermeasure. 

NOTE 4 

Excerpt from "Evolution of Threat Technology" (U) Ref. 5) 

"1961 to 1964 Aritimissile Defense and Orbital 
Rockets 

The first public statement on the Soviet 
development of a missile defense was made by Khrushchev 
;n an interview on 5 Sept~m~er 1961: . 

'I can only tell you'~that at the same time we 
told our scientists and engineers to develop 
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NOTE 4 (contd) 

"intercontinental rockets, we told another 
group to work out means to combat such 
rockets. We expressed our great satisfaction 
with the work of the experts who produced the 
intercontinental ballistic missile. At the 
same time we remain very satisfied ~ith the 
work of those who produced the means for 
combating such rockets.' (U) 

'. rth~~~h·~h-~'v··'~· ~s' s~~t·i~·~- -~'d···th~-·the'oret i ca 1 stud; es -. 
!pub1ished as early as 1957 in the open literature of 

_. Soviet scientists make it evident that the USSR had 
~, ,been acti vely engaged for some time in developing a 

, ~,' 'missile defense system. It appears that the first 
,.' ~ field experiments involving nuclear bursts as well as 
_~.~he weapon systems developed by both the offense and 

, ~ e fen sed e s i g n, g r 0 ups 0 c cur red at,S a r y S hag a non 2 1 
10ctober and 27 October 1961. On 23 October 1961 at th~ 
2LlJ.d.--C-P SJJ._C .Qn-9 .t:~~ s. ", f1~ r~_h~_L~.a_l_i .n_o ,v s k_i y pro c 1 a i me d t h a t:-.J ( S ) , - - . .., --. . . . -, _. 

'The problem of destroying rockets in flight has 
a 1 s 0 bee n s u c c e s s full y sol ve d. I .. ( U ) 

NOTE 5 

Excerpt from "MINUTEMAN Ballistic Missile Development Plan" 

(Sept. 1960)(Ref. 1) 

lid. Reentry Vehicle Prod~ct Improvement Program . 

(1) When it recently became known that the 
improved warhead suitable for use in ~he MINUTEMAN 
system might be authorized for development, studies 
were conducted to optimize a reentry vehicle for the 
XW-56X1 warhead configuration. The optimized reentry 
vehicle is a sphere-cone configuration estimated to 
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NOTE 5 (contd) 

wei 9hr:OO ii i.-(i )-- -- -- -- ------- - - . 
_ -11 t lias -;j--IJ/C-O-A o~~ ~ (») . -_.J ml n i mi ze 
weigh~nd insure termin elocity at al~zing~ 
altitudes • . ___ T.~ .is c!e~ign .. n:tay P:r~~1.ud~. _the .. use of ~ _ ~j ( 

) 

v ~- -, . - -., 

---. . -~ An advanced reentry vehicle for the XW-56X1 
warhead can be delivered for the Block. II missiles if 
timely authorization for use of the warhead is 
received. 1I (5) 

*Writer's em~hasis. 

NOTE 6 

A "Missile Penetration Study" (Ref. 6) prepared by CORE 

reflected the uncertainty regarding the effectiveness of the 

American strategic forces, during the early 60's, facing an 

unknown terminal defense. (U) 

II I f 0 n e ass u me s no en e my de fen sec a p a b i 1 i t yin 
mid-1964, the force l the U.S. ICBM force of about 1140 
A T LAS, TIT AN, ~1l NUT E NAN and POL A R I 5 ( Ed. not e ) ]. i san 
imposing one. If one assumes a defense capability to 
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NOTE 6 (contd) 

detect and ~t~ngle objects with cross-section 
greater tha ~o~~)_~he.n .:t.~.e .. _y'a.lu~ .o.f .. the force is 
seri ous ly .. de ade~uch a capab i 1 i ty mi ght . 

·TCOii C'el va b 1 y be 0 b t a i ned by the R u s s ian s by up g r a din g 
:the al ready deployed SA~2 system.) In fact, without 
itank separation for the MK-l1 MINUTEMAN, the entire 
!MINUTEMAN and POLARIS (A-l and A-2) force with the 
freentry systems pres~tly programmed could be virtually 
,ineffective::JHence, .~sposa~ of the MINUTEMA~ third 
istage tank 1S an urgent requ1rement. Even th1s action, 
~however, does not give a high assurance that the 

't. ;:: istrategic deterrent force is safe from catastrophic 
;degradation. A NIKE-ZEUS type system can be effective 

~gainst the MK-ll reentry vehicle, and there is no real 
~~~ssurance that the Russians cannot have a system of 

:equivalent capability deployed by mid-1964. The SA-4 
:system, which may fit in this category, could 
~conceivably be deployed even earlier. The 
:effectiveness of the MINUTEMAN and POLARIS portion of 

the strategic deterrent force, then, depends upon the 
~ correctness of two assumptions: the Air Force 
i assumption that the Russians 2annot detect and 
i successful)y attack a 0.004 m target in mid-1964, and 
i the Navy assumption that the Russians will not have a 
rtl~ployed AICBM syst~m before mid-1964. Both of these 

' t assumptions may well be correct. Both, however, are 
; subject to very reasonable doubt. If they Sh!J1.d __ pr.o_v.~ ; 
~ w ron 9 t the re s u 1 t may bed i s as t r 0 us. . • • • II . ( S ) . , .. _-_._.-.. __ •. _.-.. .. . .. 

NOTE 7 

Excerpt from the "Report by th.e Ad Hoc Panel on Warhead 

V u 1 n era b i 1 ; t y tot h e Pre sid e n tis S'c i en c e A d vis 0 r y Co mm itt e e II 

(June 1961) (Ref. 2) 

~ .......... - 7':'" .... • ... - - • 
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NOTE 7 (contd) 

irp-e-ii" e-t r a-t ion con c e p t s a~ d e vic e s 0 fin t ere s t 
inc 1 u d.e_: ___________ ... __ . __ ._ ........... ~- ... - .... .. --.-..... . .- -. . - .. '" ...... " -

1(1) Very Low Radar Cross Section Reentry Vehicles I 

---'{2} Disguised Reentry Vehicles i 
The idea is to confront the defense not only I 

:with 'matched' reentry vehicles and decoys, but also ! 
,with a 'mixed bag' of reentry vehicles. One objective! 
is to prevent the defense from learning to recognize j ' 

reentry vehicles through intelligence or through 
;experience. (U) 
; (3) Methods of Overloading a Defense I These include means both to exhaust and to 
saturate the defense system. Successful decoys and 
clustered reentry vehicles fit into this category. 
Another possibility is by simultaneous arrival of 
reentry vehicles from diverse directions, i.e., by 
enlarging the 'threat tube' which the defense system 
must cover. The tactic of overloading the angular 
coverage would require more sophisticated guidance and 

Iperhaps n:tE~~_~'{.~!j.!lg .ree.~try vehi c1 es." I (U ~ 

NOTE 8 

Excerpt from the "Report of the Ad Hoc Panel on Warhead 

Vu1nerabil ity to the President's Science Advisory Committee" 

(June 1961) (Ref. 2) 

"Reduction of vulnerability of U.S. ICBM warheads 
against possible enemy AICBM action clearly involves 
consideration of penetration requirements as part of 
the tot a 1 Ie B M s Y s t e m des i g n • De coy s, m u 1 tip 1 e . 
warheads, ECM, reduction of radar reflection, shielding 
oft hew a r h e a d a g a ins t n e u t ron s, s t r eng t hoe n i n 9 the 
structure t~ resist x-ray shock, armoring against non-
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NOTE 8 (contd) 

nuclear attack, compete with each other; It is 
expected that all or most of these will be found 
technically practical as isolated designs. But when 
one ·tries to fit them into ' particular missile systems, 
no doubt many will be found to interfere with other 
necessary features--guidance accuracy or warhead size, 
for examp1es--whi1e others would perform as expected 
but could not all be used for reason of wejght 
limitation. This points up the importance of analyzing 
the missile penetration problem, or more ' exact1y, the 
' re ta1iatory missile weapons system prob1em ' as a 
who1e. 1I (U) 

NOTE 9 

Excerpt from Appendix B of IIMissi1e Penetration Study" (Aug. 

1961 ) ( Re f • 6 ) . 

-11'2. C h a r act e r i s tic s W h i c h Mig h t be V a r i e d 
Among Reentry Vehicle Types 
Some of the characteristics which could be altered 

in different reentry vehicles are the following: 

a. Warhead yield 
b. Number of warheads 
c. Radar cross section 
d. Number and types of decoys 
e. . De g re e 0 f h a rde n i n g 
f. Aerodynami c properties ·(such as W/COA, moments 

of inertia, etc.) 
(U) 

Generally speaking,~)n improvement in any of the 
above characteristics iniolves an increase in weight, 
which must be balanced by accepting degradation in one; 
or more of the remaining characteristics or by 
accepting a decreas.e in range capability. There are, 
of course, complex interrelations between the above 
characteristics which must be considered in detail in 
reentry vehicle design. However, there is no single 
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NOTE 9 '(contd) 

optimum combination best for all defenses; if there is 
no defense, a large yield warhead may be the best 
choice. Against a defense which relies on precision 
attack of individual targets, the use of multiple 
warheads or of reduced radar cross-section and decoys 
may be attractive. Against a barrage type defense, 
hardening may·be an effective countermeasure. There 
is, in principle at least, the possibility of designing 
for a single missile system a variety of reentry 
vehicles which differ markedly from each other in their 
penetration capability. Since a single optimum design 
cannot be found, this approach has certain attraction." 
(U) 

NOTE 10 

Excerpts from ."The Penetration and Target Damage 

Effectiveness of Single and Multiple Reentry Vehicle Systems 

Against an Active Terminal Defense" (Aug. 1962)(Ref. 7) 

A summary of the payload characterics is given in Fig. 10-1 • 

. Figures 10-2 and 10-3 show concepts for two platforms used to 

obtain in-line and spin deployments. (U) 
. ~ ... __ ._, - ..... -... --- .-_ .. _-

~eight trade-off between decoy ----
DoD .6(1) 

--- ----- -----~ 

on. Figs. 10-4, 10-5, and 10':'6 • 
. __ ._------------ -.~.--.-.." .......... --~---....-- .... -.-.- ......... ...... -

_____ § he rna jar con c 1 us i a i,..s 0 f t his stu d Y w h i c hap pea r 

t
to be-~east affected by the defense capabilities 
indicate that: 
~~_ ... __ . 1 .. 1 The r e 1 a t i vee f f e c t i ve n e s s 0 f m u 1 tip 1 ere e n try 

'

vehicle systems as compared to a single ree.rttry __ v_~hicle 
s y s t e ~ . i.~~ .r e ~_ s ~.~ . ~ i t ~ __ ! ~ .~ rea sin 9 pay loa d J S ) 

=H=: 
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NOTE 10 (contd) 

DOD h{J) 

II (~ _ 
-;::::;;--

~- Figure 10-2. In-line deployment scheme. 
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. NaTE 10 (contd) . 

. , .. , . 

In this study the target destruction criterion was the 

following 

Effectiveness curves are given on Fig. '10-7 for the in-line 

case against a pOint target. (S) 

<. 

S}3eRE~~ 
'<P O elS , 
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NOTE 10 (contd) 
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Figure 10-7. In-line offense pOint target. ( U) 
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- NOT E 11 

Eicerpt from "The Penetration and Target Damage 

E f f e c t i ve n e s s 0 f Sin g 1 e and ~1 u 1 tip 1 eRe e n try Ve h i c 1 e S y s t e ms 

Against an Active Terminal Defense" (Aug. 1962)(Ref. 7) 

"l. Soviet Target Parameters 

Girateg;c-· ta-;ge·ts ··~gainst whi·ch potent;-ai"·--'" 
IOffenSive action may be considered include the 
following: 

a. Targets. that include those facilities and 
.equ;p.ment related to the enemy's offensive and 

l
'defens;ve airpower, such as air and missile bases, air 

l)r:-&:: control and logistic centers, and special weapon 

I

storage sites. : 
\; ( ~ .-, b. Tar get s r e 1 ate d to So vie tan dna val 0 per a t ion s , . 

such as massive troop concentrations, naval bases, and : 

I

support depots . 
.. - c. Targets that -incl ude industrial centers, 

research and development centers, missile launch and 
:test facilities. 
; d. Targets for which an attack will re~~lt in 
: severe casual ti es t~ the c1 vi .. li!.!'L~~.p_~l~.~~(S) __ ~._ 

J'y 
·V· -
/~.:. 
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NOTE 11 (contd) 

.~---- ---------- ._ .. _._-----_ ... _. __ ._------------_ .. _---. ~I 
~ .... 

Area 

Diameters 

I 
(nm) 

,. 
I 

I 5 or more 

4 to 5 

3 to 4 
,. 

2 

CURRENT SOVIET TARGETS ! 

Targets Point Targe~s" 

Ove rp res s u res 
Percentage Requi red for 
of Targets Destruction 

(psi) 

.' 

8 .' 100 or lUore 

16 50 to 100 

15 25 to 50 

30 25 or less 

21 

NO-TE 12 

o 

3 

28 

69 

I 
! 

I 

i 
... 
; 

/ 

~ /'t l 

--tr . 

Excerpt from AVCO reports tlPr~l iminary DeSign Study for ~1a

neuvering Re-Entry Vehicles" (U) and "Penetration Capability of a 

Maneuvering Re-Entry Vehicle" (U). (References 8 and 9.) 

"IV. MANEUVERING RE-ENTRY VEHICLE 
»roE 

.The re-entry vehicle ~elected for the study ;s a 1 h(3) 
high-performance vehicle designed on the Terminal _ 
Gu; dance Project for an advanced Mi nuteman. ,I tis a :;-
... __ ....z...J.,~~~.......:..~oL..M-~~'--.....,lLt'~tj;w--.c a P a b .le_o.f.-de.1.i v.e.r j n 9r 

/)00 h (I) 
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NOTE 12 (contd) 
.,,"-.. 

r . , J . __________ ~. __ 

~" i ::\ .1 -r-;di-i-··~t--th~·"'~·~·t;;~'it'i·~s- · ~f· th~"~yiinder and ~he 7.38-:. 
\- ,\ ~ ~ . n c h 0 . 18 m r a diu sat the b as e 0 f the f 1 are ;;:I The 

\; wei g h t 0 f t e re - e n t ry veniC'l e , s arUlfct ion 0 the 
desired sophistication. The penalty in weight for the 
ability to maneuver may be best shown by ·the Table I 
below. 

TABLE I 

RY VEHICLE WEIGHT INCREME 
, __ D~Ot:J b (I) 

Increment 
lbs 

Minuteman (Mark 5) 

High Penetration (HP) 
Minuteman 

r"'-' 
HP 'Maneuvering 
Mi n u ternan 

! 

HP Terminally G .. Ui~ded J 
~~~j~n~u~te=m~an~~~_~~~~~~_ 

--

,DDD 

Re-entry Vehicle Weight 
lbs 

Thus the ' ab; 1 i ty to carry out a ma~V,er us i ng ,an 
.. i n e r t i a 1 n a vi gat 0 r for 9 u j dan cere Q,Mj ... r:.e..s.L 

. -- f . -D OD b (I) -. , - .: 
~ . O\I _. _ i If this inertial 

\co" : \'1 \ AJ gui dance package were used ,for gui dance _~~ wel .. ' ~ 
\; \. ~ 7 ; t cou1 d res u1 tin the removal of DoD' ([) _I 

.~~, of boost guidance system equipmen f ,t is Turther~ 
~ desired to have a vehicle capable of a position fix 

prior to a terminal maneuver, then the complete 
, te~al Quidance system could be o_b.:t_ajJl,ed.~the cost 

. of ~ · ... D.QlL.h1lJ. __ .~. ____ .-------- ~ 
" ~ W The W/~ , of th.i~J.d.~a~ed Minuteman vehicle ;s 
~ . . ~ 0.0. lbs/.ft.B

'12 2.05. kg/m 1.,.Jand it has the capab i 1; ty o~ 
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NOTE 12 (contd) 

ca rryi n 9 out a [60 9]~rta 1 acce 1 era t i on turn . AlthOUgh:.· . 
this study utilized "the advanced Minuteman, a T.itan II 
re-entry vehicle was designed on the Terminal Guidance 
Project which has the same W/CnA and turn capability. 
This entire investigation coula thus apply to a Titan 
II vehicle. 

__ -!Trhe pa rti cu1 a r g roup of maneu7e-~"''''~-;n-sid;;ed-ar;
.10w-attitude maneuvers against a hard-point target. If 
fit is assumed that the re-entry vehicle will have decoy 
~ 

;coverage upon re-entry, any maneuver by the re-entry 
~vehic1e would immediately reveal its identity relative 
~to the nonmaneuvering decoys. It is thus desirable 
from an offensive ·point of view to delay the 
commencement of a maneuver until the re-entry vehicle 
is below the survival altitude of the decoys.· Further, 
when considering hard-point targets, the decoys must 
survive to fairly low altitudes to be effective, since 
commitment of the interceptor can be delayed until the 
re-entry vehicle reaches altitudes as··low as 50,000 
feet (15.24 km). Consequently, the maneuvers 
,considered in this investigation began at 50,000 feet 
ll~4 km) or be10\y:J 

-----~e terminal maneuvers sta~t when the re-entry 
·veh i cle reaches a descent a 1 ti tude of 50 ,000 feet 
( 15 . 24 k m ) a 1 on g a nom ina 1 ba 11 i s tic t raj e c tor y . . The 
Particular ballistic traJ'e~tory selected for the study : 
follows a minimum energy -path for a range of 6200 ~ j 
autica1 miles (11470 .km). However, the terminal 
aneuver capability i.s · not a strong function of the 
a1listic range ,0 the results are generally 

~pp1icab1e. Figur~ 2* shows some of the variations in 
~aneuvers attainable. The extended range or lob 

t
aneuver was designed to yield a steep impact angle 
ith a range extension of roughly 100 nautical miles 
185 km)~J . '. I 

~ 

..-_....a-t, i s po s sib 1 e tog e t : a m u c h 1 a r g err an 9 e .~ 
xtension, if desired, by simply delay in 9 the start of 1 :L 

the 60 9 pul1down. The range decrease or tuck maneuver' 
ields· the greatest range shortening and is probably 

the most difficult to intercept since the time from the { 
~O,OOO-foot (15.24 km) altitude to impace is the . 

rna 11 es t. In;! i a ll.¥. . .'_.t~~. __ s_~_~~y . i.~ b~ sed on ___ _ 
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NOTE 12 (contd) 
•• ___ ". " 1" '" ' _ . 

consideration only of variations of the tuck ~aneuver. 
These can be seen in figure 3 which shows 60 g pu11down 
maneuvers from various altitudes along the ballistic --#.:1 
trajectory below an altitude of 50,000 feet (15.24 km).~· 
Lateral maneuvers are not considered in this portion of -,-_. -.- ------
.th~ study:-J. 

*Ed. note: not reproduced here. 

NOTE 13 

Excerpts from "Phase I Study of the MARK-12 Reentry System 

for MINUTEMAN" (Aug. 1962)(Ref. 10) 

.. . 
\ 

"III. OPERATIONAL CONCEPTS 

·A. Tactics 
- . . 
~_ .. -------... .• _ .. . - .... _. " .- ....... ·--:;O"_·...,. ..... .,..tI(IIIt ..... ·-......... ~~ ..... • ..... !';.· ro· .... ··.~· ...... · .... 

~l.~ 1965 it will be even more necessary to use the 
~ntire ballistic missile arsenal and selected manned 

l
;aircraft in a totally integrated fashion. It will 
probably be found appropriate to equip some weapon 
.systems with r~lative1y simple reentry systems thereby 
~aximizing the attainable range and yield capabilities. 
~ther weapon systems with more sophisticated reentry ~ 

~ 

~ystems will be needed to penetrate defended targets. 
;In view of the MINUTEMAN force size it is considered 
~ppropriate to provide this weapon system with a mix of 
reentry systems capable of attacking various types of 
t.ar..ge t s J (S) .. 
. . .. 1. .... fu eta c tic s t h" a t wi 1.1 ;b e a p pro p ria t e for MIN UTE MA N , 
will depend largely on th~ characteristics of the MK-12 -~ 
:reentry system and the overall str.tegy under which 
~INUTEMAN is employed. In ant event, the following 
-tac ti cs~ 11 prob ab 1y be us ed .. iJ 

h .a
d
·l\1.ime

d 
sdaturatioMn of.t

1
he efnemy ': defenses.by -*:J-

war ea s an ecoys. iss, es rom d,fferent s1tes, 
:J 0 ca te d a..:tJlJde.1Y __ d.if.f.e.r.e.n.t_.ge . .P.9.r..a .. P.hiL.P.Qs it j ons., .. rna.Y.. ....... .. 

sgQREW 
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NOTE 13 (contd) 

- -------.-.-I be programmed against major targets to aggravate the 
: defense problem. 
-- b.,Disposa1 of final booster stage to prev~nt the 
raerense from using it as an aid in locating .i.ncoming 
, objects. . 
_-:~c_. ~ Use 0 f b r 0 a des t p r act i cal va r i ~.t ion sin 

i trajectories (lofting, etc.) to expand threat tubes and 
icon fus e the enemy. _ . 
__ d • :. 0 p t ion 0 f us; n 9 e i the r -a ; r bur s tor g r 0 u n d 
, b u r~J..,_ de pen din g 0 n des ire d . e f f e ct. 
___ i.!. iUs e 0 f y i e 1 d 0 P t ion de pen din 9 0 n tar get 
l hardness. (5) .. 

3. JThe ' merits of other techniques such as use of 
~ i -"'''-n -u c-"l ear b 1 a c k 0 u t" 0 p t ion and a sal vag e 0 p t ion (u sin 9 
/ ~J.' the e f f e c t 0 fan e n e my a t t a c k to de ton a te the we a po n 

Jf7jbefore it is dudded by the attack) need further study 
jbefore a decision is reached ' as to whether such options 

Iwould prQvide increased system effectiveness. These 
opt ion s . "'c 0 u 1 d pro v i oe a g rea t e r de 9 r e e 0 f f 1 e xi b i 1 i t y 

,to th e' MI N UTEMAN fo rce and c.2J4ld _f~!th e r cO.J!lpo~n ~ _ .th e 
~.~! '.s. d~.t~ns e __ di f.Li_~.l:J_1.t 1.~l 51 . 

B. Deployment 

,---____ ~1 ... me MK-12 reent ry sys tern wi 11 be 'us ed at:, 
Wing VI MINUTEMAN sites at widely dispersed locations. 

e schedule for retrofitting the earlier MINUTEMAN 
sites with ~ins VI MINUTf~AN will be determined .at a 
t~.te r da te..-4( 5 ) 

2. The r~quirements dictated by the National 
Strategic Target List will govern the specific 
ta r ge tin g • ( S)· . 

IX. REENTRY SYSTEM DESIGN CONSIDERATIONS 

A. Reentry System Description 

1. General .-~ 

_a. ~everal requirements have been established ;~l 
provide e MINUTEMAN force with a sophisticated I" 

penetration system; target~ng flexibility, high yield 
capability, a~d cov~rage ~f the Sino-Sovi~t target r 
complex. It 1S an 1mposs1ble task to des1gn a single 
reentry vehicle_.ittj-Jing VI MINUTEMAN which wPJ~.td mee-1..; 

.". - . 
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NOTE 13 (contd) 

'" ---_._-.... --- ... _ .... -. . ,..... . 
It 'all of these requirements. After considerable analysis I"·~I 

1J.it was determined that the MK-12 reentry system would \ I Ii + ! con s .i s t 0 f tw 0 re en try ve h i c 1 e s • A c cor din g 1 y , 
I authori za t i on has been 9i yen t03rt the deve 1 opment_._ 
l.9Lt heM ~ - 12 t w ; n re e n t t:.Y-s y s t em. ( S ) -

b. The two reentry systems will be designed with 
similar reentry characteristics. This design approach 
will provide significant targeting flexibility and 
penetration enhancement since the W/CoA, radar cross
section, and shape of the two vehicles will be nearly 
identical. The number of flight tests required to 
verify operational capability of the MK-12 system will 
be reduced as compared to~.u.Qh.L.p..r.ogram rpQui.r..ed. for, 

&..two di ss i!"i 1 ~~_ ~~h i_£l_e~.~ I a.. 4 

DoD ~(J) 

-:::I' (SRD) 
--J 

NOTE 14 

Excerpt from "MK-12 Optimization Studies" (Dec. 1962) 

( Re f. 11) DOE 
b(3) ----, 

same 

f : 

t _ 

r ' 
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L ( : l 'J' \. I J 

~ 
The estimated yield-to-warhead weight relationship expected 

by the AEC to represent the nuclear technology in the 1965-1970 

time period was furnished by LRL (now LLL) to the DOD. It is 

reproduced on .Fig. 14-1. The relattbnship between RV weight and 

yield derived from it by Aerospace 1s shown on Fig. 14-2. (5) 

. - . :" .. '. 
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NOTE 15 

Excerpt from a TXW from DASA (DNA) Headquarters Washington 

to the Livermore Branch of DASA Field Command. (No date 

available.) 

"WARHEAD 1. 11 

WEIGHT AND YIELD 

DIMENSIONS: 

FIRST FLIGHT .L--
WARHEAD REQUIRED: MARCH 1964. 
FPU REQUIRED: 30 JUNE 1965 ASTERISK \ \'\ 

USE IN THE MK-12 (H) REENTRY SYSTEMlJ \:,(11 WARHEAD 2. 
WEIGHT: 

~--------.-'-.-.--.- . -" . 

JId-
[Jot;) I:. (I) .... , I .-: 

~~--------~--------~~-------9OE 
YIELD: 

DIMENSIONS: 

FIRST-FLIGHT TEST 

/)o.[) b (3) 

COMPATIBLE ArfH MK-12 (H) REENTRY VEHICLE 
(U)" 

WARHEAD REQUIRED: MARCH 1964 
FPU REQUIRED: 30 JUNE 1965 ASTERISK ' 

, t(J) r 

ASTERISK PRESENT OPERATIONAL SCHEDULE: FIRST WING VI MISSILE 1 
JULY~65 II AN.O ... .E.I . .BSL.lJL..MI SS lL£~ .aX-3JLS.EP'lE1i6..EA.~9..6S __ (JJJ __ .. _ .... _ .. _- _ . 
-_ I N 0 EVE LOP MEN T 0 F THE M K - 12 R E EN TRY 5 Y S T EM, 5 T RON GEM PH A SIS \:. ". · 
lIS BE G PLACED ON ACHIEVING A HIGH LEVEL OF INVULNERABILITY* TO 11/\ 

ENEMY DEFENSES. INFORMATION REGARDING THE CAPABILITY OF THE .. 
WARHEAD TO WITHSTAND ENEMY DEFENSIVE ENVIRONMENTS* WILL BE NEEDED· 

. TO ESTABLISH A FIRM REENTRY. SY~T;.M D~.$I .~.~.: .. A~~9~~.~~GL~, ~ V~R.Y,_ .. ' ~ 
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-- NOTE 15 (contd) 
\. 

\ . . .~.- .. ----------- -------. . .-..-.... .. ~ ...... -.-.-.-. --_.- ........ . . -.~ ... ---, 
; ". I ~LOSE RELATIONSHIP BETWEEN THE AEC AND THE AIR FORCE WILL BE 
~ REQUIRED TO INSURE ATTAINMENT OF THE DESIRED LEVEL OF -* " ULNERABILITY, SIMILAR CLOSE COORDINATION WILL BE REQUIRED TO 

I OBTAIN MAXI]w~J_ELD TO WEIGHT RATIOS FOR THE OVERALL REENTRyl 
:SYSTEMS~~(S) . -----... ~ .. :- . - . 

* Writer's emphasis. ' 

NOTE 16 

..... 
Excerpts from "Revision to Phase I Study of MARK-12 Reentry 

.. ~ystem for MINUTEMAN" (Ref. 12) 

\>~ ___ ., ~ .. ~. i s-an-,-' m-p-o-s-S-;-b-1-e-t-a-s -k~t-o-~i gn a s i ng1 ; .. ~ -.. --. 

~' .' flree,ntry vehi c1 e for MINUTEMAN whi ch wou1 d meet .,al1 · of 
the s' e,. r e qui r e me n t s . Aft e r con sid era b 1 e a n a 1 y s"i sit was 
determine.d that the MK-12 reentry system would consist 
o.f two reent~y veh i cl.es: . 

( 1) M K - 1"2 " ( L) - A re en t ry s y s t em' 0 p tim i zed for the 
attack of defenae~ targets. primarily urban industrial 

I com p 1 ex e s • , .... , .,' 

I ( 3) M K - 12 (H) -' .... A. r e en try s y s t e mop tim i zed for the 
\! .. ". . a t tack of un de fe nded hili~,d t~ rgets, an d des i gne d for 
~ ....... " 110fted employment against .... _.d. efended targets. (S) 

\_,1, , \ • ~'- b. The MK-1'2 (l) reent·f"l. system will be a moderate 
jyie1d vehicle which will be designed to provide an 
,optimum penetration capabiliti~~gainst projected Soviet 
Idefenses. It will be designed TO, primary 
lcompatibility with Wing II-V missi~s but will also be 
!compatible with Wing VI missiles. TR'e .. MK-.l2 (L) is 
~pl anned in a ' mu1 t 'i p1e conf;i guration on 'W.ings I I-VI 
t m iss i 1 e s ( tw 0 M K - 12 (L) R.\(s 0 n Wi n g s I I - V . .m iss i 1 e san d 
ithree MK-12 (L) RVs on Wing VI missiles)~ -It is also 
i imp 0 r tan t ton 0 t e t h.a t the M K - 12 (L ) i s be i n g i 

' ~considered in a multiple configuration for TITAN II. t 
!The MK-12 (H) will be a high yield vehicle designed fo~ 
,maximum effectiveness o~ing VI missiles against ~ 
.:.u.ad~f.eJ1de.{J . ..lt2..rd ta rge.~_~~ ( S ) _ .... 
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NOTE 17 

Brief History of the MK-11A, lIB, and lIe hardening (Refs. 

13, 14 and 15). 

The "Report of Phase I Study of the MARK 12 Reentry System" 

was issued in Aug. 1962. Also in mid-1962 the need for 

h a r den i,n g the M K - 11 R V tow i t h s t a'n d n u c 1 ear e f f e c t s be c a me 

mandatory. The MK-11A RV, the second of four MK-l1 versions, 

was developed during the period of Oct. 1962 to June 1963 (IOC 

Nov 1964). The des i gn~ requ; rements ca 11 ed for survi va 1 of a 

terminal defense environment: 
".-----_. -_ ._". .- . --------
~i) A hardened MK-l1 structure (130 gls) 
~ , 

12) A hardened A & F 

13 ) An -integrated W/H - Fi;z'\(S) 
- . .. . .... . - - " ... .... --.. -.~.-.-.. ~ .. - .~...-... .............. _ .... _.? . 4' .. 

D.r '(" 
t (l.:j 

The development of the MK-I1B was started in Sept. 1964. 

Fhe principal additional requirements cons-isted in RF shielding:::\t S 

l~or EMP protect~~.:~~_~.:~Ch-p~::_hardnessC:Poe 1.(3)<- _. : .• ~._. _ 

1& _ 

--.~( S ROt CNWD I ) 
eec~~==-CJ9~ . 

The last RV of the 11 Series was intended to provide 

MINUTEMAN with an early capability against high altitude 
lY: ,. 

i n t e r c e pt. Imp r 0 ve men. t con c e p t s we rep r 0 p 0 sed ; n 1 a t e 19 65 and :. ! ( 

work began in 1966. ~ALOSH-~~~-·f·;;s:t .;;_se-r-;~djJ.!. M~.L1.~6s. )J~,.1.. 
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MM III 

NOTE 17 (contd) 

~SRD/CNWDI ) 

Missile Nomenclature 

Model 

MK-S 

MK-ll 

RV 

LGM-30A 

LGM- 30 B 

LGM- 30 F 

LGM-30G 

MK-IIA, B, C 

MK-12 

NOTE 18 . 

Excerpt from "Multiple Warhead Missiles: (Nov. 
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1973)(Ref. 16) 

, .. ,; 

"A quite unrelated development whose basic 
. technology was later adapted to MIRV's was the Able
Star, a second-stage vehicle designed to be ~s~d with 
the Thor booster. It was the first spacecraft where 
the main propulsion rocket could be shut off and later 
restarted. The Able-Star used hypergolic propellants 
(substances that ignite on contact) and incorporated . 
restart, guidance and control devices, a programmer and 



. . 
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NOTE 18 (con td) 

an accelerometer--all necessary to the operati9n of 
MIRVS. (U) 

. The Able-Star was first tested in space in April 
of 1960. Two months later it was used in the first 
mUltiple satellite launch, in which a Transit II-A 
satellite and a Naval Research Laboratory solar 
radiation satellite were placed in near-circular orbits 
500 miles (925 km) above the earth. Once the Able-Star 
achieved the proper orbit the satellites were detached 
and separated by a compressed spring, giving the 
smaller satellite an additioncl velocity of 1.5 feet 
per second (0.457 m/s). (U) 

In a subsequent launch the Able-Star was used to 
place three satellites in similar orbits, although the 
procedure was only partly successful. In 1963 the 
Atlas-Agena rocket was used in a more difficult 
maneuver: placing a pair of satellites in very 
different orbits. Later versions of the Agena second 
stage, like the Able-Star, could be stopped and 
restarted during flight. The satellites, called Vela, 
were used to monitor compliance with the Limited Test
Ban Treaty of 1963. They were placed 180 degrees apart 
in orbits from 62,000 to 72,000 miles high (115 000 to 
133 500 km) (U) 

. The immediate technological ancestor of the Air 
Force version of MIRV was Transtage, a highly flexible 
post-boost control system. It was crucial in the 
development of the components and techniques used in 
MIRV·s, yet it was devised for reasons unrelated to the 
effort to improve missiles and missile warheads. (U) 

Transtage was used with Titan III, which in the 
early 1960's was the largest of the U.S. booster 
rockets. Transtage had a propulsion system capable of 
coasting and restarting, like the Able-Star and the 
Agena. but it carried a larger payload and was capable 
of more complex and mo~e extensive maneuvers. It was 
conceived without a specific mission in mind, and it 
was first used to launch a series of defense 
communication satellites called IDCSP (for inifial 
defense communication satellite program). (U) 

The special requirements of defense communication 
demanded that the satellites be many and that their 
orbits be quite high. On June 16, 1966, a Titan l11-C 
and Transtage placed eight 100 pound (45.5 kg) 



caVO-IS71 

Page 99 

NOTE 18 (contd) 

satellites in eight different equatorial orbits, all at 
an altitude of about 21,000 miles (38 900 km). (U) 

The operation of Transtage was comparable in 
almost all respects to that of the MIRV bus. Using its 
ability to coast and restart, · it first achieved a . near
circular orbit at the proper altitude with a period of 
1~334.2 minutes. It gently nudged off one of the 
subsate11ites with compressed springs. Then, with four 
vernier motors of 50 pounds (22.7 kg) thrust (whose 
main purpose was controlling pitch and yaw), it added a 
small increment'of velocity and ejected 'a second 
sa te 11 it e. ( U) 

This one would orbit at essentially the same 
altitude, but with a period of 1,223.7 minutes. The 
maneuver was repeated for each satellite. until the 
last was dropped off three minutes after the first in 
an orbit with a period of 1,347.6 minutes." (U) 

\ 

NOTE 19 

Excerpt-from "MINUTEMAN Payloads Against Defended Urban 

Ta rge ts II (U) (Au g. 1963) ( Re f. 17) 

.SUMMARY 
I ver the past ew years the concept of ICBM I' 

~p~e~n~e~--a~ion aid~ in the form of passive and reentering 
decoys has become generally accepted as a pertinent and I 
valuable adjunct to ICBM payloads in the event of a . 
penetration problem against a terminal AICBM defense. ! 
In this view, a great deal of emphasis is placed on the t 
lightest possib1e'weight f.or useful decoys. (S) : 

The a n a 1 y sis in ' t his ~s t u d y add res s e s ; t s elf tot h e ~ 
question: How important i's~ decoy weight with respect to i 
overall ICBM system costs when a fixed. high level of , 
destruction of defended urban targets is requi red of an Ii 

ICBM striking force? (S) 
The possibly surprising result obtained shows that 

decoy weight is in fact of relatively limited i 
im ortance, ov~ ~ .. __ ~~~~.~ .. !~_~_~ .. f!~1,"~._~~2.~_ range of AICB~ . __ .. " \ . 
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strength deployed. Given that an AICBM penetration 
problem exists, the analysis suggests that greatest , 
benefit accrues to the offensive ICBM force through the 
use of multiple warheads, and that AICBM strengths ( 
corresponding to the capability to intercept many 
hundreds to perhaps thousands of reentering objects 
must be manifest before decoys as light as even 25 to 
30 percent of a r. D~~ehicle (with warhead) become 
more a ttracti ve. II sl 

NOTE 20 

0' • 

.L/ . 
V. i J 

---------------_ ................................ -----.....-.. .... -. ----
____ ~ 1964 the target list had become considerably longer. 

;However, the hardness of the targets had not increased. 
I 

As part ; 
~tj I 

Electric Company --;- t . lof th~ MARK 12 Penetration Study, General , 

submitted (io Jan. 1964) a "Tar.get System Characteristics--Final 

Report (U)II which listed all known targets in the USSR classified 

according to types.(IS) (S) 

Under the title "ICBM and IRBM Sites ll
: 

IIAlthough few confirmed launch sites are known to 
exist in the USSR, those known encompass some 70 
reported launch sites ••• " (S) 

(S) 
.. I b e s Lsi.t e s are to b ~ c QJt~ ide red s 0 f t sit e s ... II 

Of great import to the decision to Mirv MINUTEMAN, thereby 

entailing a yield reduction of each detonation, was the question 

of accuracy, since the contribution of the precision with which 
&~~ft. ;.!.iiloA-;tIii,~_ 

~~ fSt3@ItIJif' 
S . Ii 

i 
I 
1 

i 
l 
t 
; 
j 
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the target coordinates are known is a large contribution to the 

CEP of the system. In 1963 the estimates in this regard were 

stated as: 

'T::p:""':e""':':"r~c~f w~~~w~e i~~~!~ o~~"~~f:~~-ii~o i ~~M ~~-i ~~~~51~o 0.3 Ii 

nmi (244 to 610 m) accuracy, the remainder to 2000 ft I 
to one nautical mile accuracy or 0.3 to 1 nm (0.61 to 
1 • 85 km :.::l s ) , 

The dispersal of the various facilities constituting an ICBM 

~..1.-launch site (launch pads, warhead storage, assembly bu;1ding and 

. fuel storage) suggested the following statement: 
~ 

vfj~.l<') 
'r' 

DoD b (I) 

--ff, ~..- ...... ,...-_r .. _-_._··.....__--- ..... - -----..... . --. ' : ·'· · .-.!":·""!--~_.....~b . __ .......-......... ..... 

__ --~so included in the list of potential targets are 86 

tirfields and facilities believed to be associated with Soviet. i 
cng-range attacks. (5) f 

----1AmOng the U-I targets the list is broken down as: Capitals i 
of -the sixteen republics, the largest and most strategically ! 

~ 
important capitals of the political ~ubdivision of the republics~ -... '~ 

123 capitals in all).j(5) . . 
p 

\ 
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--------------------.-------..-.~..,.'-.-------
: \)0\) Under the heading of transportation centers are listed: 25 

,--r-a -; 1-' f'~.s ,a n d hub s I 7 rna j 0 r air t ran s po r t c e n t e r s •. 11 po r t 
i \ 
'1i-U 

. " .' 
: fa c ; 1 ; tie s ... '{~S ) ,.'~ 

~, ~/ 

~Fi na lly, ?h~,. indus tri a 1 sec tor inc 1 udes a short ~i"s t of 
, / 

locations of strate~g~c mineral resources and process'ing areas, ., 
. , 

and 14 8 c ; tie s sup po r t"i 11. 9 the i n d u s t ria 1 0 'u t put ... pf the So vie t 
J ~.~. 

~\~h~S~CCUracy with W:i';·h'.,the coOrdina}e./.~he strategic Ir--
" , 

f tar get was known was probably a c r u cia 1.tf act 0 r in the decision 
I ~ , 
making process concerning MIRV, ~l~h~~gh we have found no hard 

~ ~ ! 
~ . 

evidence to that effect. The yield/accuracy trade-offs c~rtainlf 
~ ~ i 

J 't t 

figured prominently in the argu~entss pro and con. Projected t 
,~\ f 

imp r 0 v e men tin the U. S. k now 1 eit 9 e 0 f t his\' imp 0 r tan t con t rib u tor ~ 
/'~.. 5 

f' \ ~ 
to the CEP are menti oned in/the document of-, reference 18. (S) ~ 

l \ ~ 

\ lilt is not,~/d that a U.S. sate1\-l ... ite type ! 
~ surveillance s/stem may be able to pnqvide data which ~ 

, I would lead to/positional accuracies o~\i:.±750 ft 1 
~ (230 m)." (l" \ i 
,/ \. ~ ----L Thus, until th.e CEP ~as reduced, .. the mission of\fhe MK-12 'f 

I was' 1 imited temPllaril Y to soft targets. (S) \\ ~ 
IEven though it is reasonable to expect that l' 

addilfiona1 Soviet missile sites to be constructed may f 
be )lardened, it is to be noted that because of ranging Po 

aCfuracy relationships, this Wi~ nat be a target for i 
.the~f.RUD.~h JS.l~.2Y-s tern. II (S )J 

----iiii 
I", rt l_ 



NOTE 21 

COVD-1571 

Page 103 

Excerpts from "MK-12 Penetration System Study, MISSION 

PAYLOAD REQUIREMENTS (U)" (31 March 1964) (Ref. 19). 

\, ( i 

1 __ l'1..nhe effe{:ti veness o"ft-h;-"MI"N'U-TEMAN"-;;;--cal cul a ted 
againSi U-I targets by GE. The primary target system 
considered in the analysis are the largest 222 cities 
in the USSR. It was estimated that these cities 
represented, in 1964, approximately one-quarte"r of the 
ltotal population or one-half of the urban population 
ta n d six ty per c e n t 0 f the i n d u s try 0 f the US SR. ( S ) 

~ 
The measure of effectiveness of the study was 

defined as to whether or not a given target city was 
ithin the given payload from the given launch site." i" 

(S) 

_~e 21-1 shows the range distribution of the 222 target 

cities. Target coverage as a function of payload and 10ft angle 
__ ------------- S<" • -.-----

~~hown i n~-~.~~.wE~-2:l{ S) 

.', 

~II" 
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NOTE 22 

E x c e r p t s fro m II M u 1 tip 1 e War h e a d Mis s i 1 e s It ( Nov. . 19 7 3 ) ( Ref . 

"Secretary McNamara had other, primarily political 
motives for the deployment of MIRV's. Multiple 
warheads, he contended, offered a less costly way than 
the addition of more missiles to expand the strategic 
force and maintain at least some counterforce 
capability against growing Russian forces. Thus the 
potential powers of MIRV's were invoked in the 
arguments of McNamara and his staff agains~ strategic-
force expansion. (U) " 

McNamara also mentioned MIRV's in arguing against 
deployment of missile defenses. He doubted that the 
proposed anti-ballistic-missile network would work and 
believed it might bring on a new cycle in the arms 
race. He opposed its deployment in the U".S. and tried 
to persuade ·Premier Kosygin (at the conference in 
Glassboro, N.J.) that the USSR also should forgo 
antimissile systems. A U.S. commitment to deploy 
MIRV's was among his arguments, since MIRV's represent 
a relatively inexpensive means of overcoming any 
conceiva"ble antimissile system. Thus, from the point 
of view of McNamara and some of his immediate 
associates in the Office of the Secretary ~f Defense, 
the deployment of MIRV's could benefit the cause of 
a rms co n t ro 1 ." (U) 

"SE@1t159 
QP a" J 

It.:. 
--1i I 
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In March 1964 just -prior to the issuance of the MC's the ' 

General Electric Co. completed a lengthy st~dy of the Multiple 

Reentry System(20) for ' SMO. Three RV designs were considered: 

1) The MK-12 "Prime" RV with its stringent reentry system 

requirements: low radar cross section, high ballistic coefficient 

~~_: ~~~~:~!..:~2 __ o_r 9754 k9/?IJreentry attitude control. blast 

hardening and penetration aids. 

2) Two lighter-weight RV designs were investigated to 

~-:>increase ~~~~_~~v~:.:..ffe~~t·~~tion was predi cated on "leakl 5(\ ~ 
hrough" and/or IIsatur.ation. 1I 'The reentry vehicles were called ; 

o "Hi-:,f?" (1400 lb/ft2 or ~83S kg/m2 )-vehicle, and 

...... __ 0_. _':~!:""L32'?~!~2 ~~~~.!.9/m2) vehiclp-'---(S-)---
-t ~ 

The major part of the effort was devoted to an analysis of 

the MINUTEMAN system. Some aspects of the TITAN multiple system 

we re a 1 so stu die d. (S ) 

I 

i mpa ct pa ttern for 3 RVs was~ound to be an~ 
tri a,n 9,1, e ~en ~e r.e ~ ,_~,~. th,~ ... f_e_!:'j.~.f....an a r~.~ __ .~,~r,geU 

(S) 

An example of the "Multiple system, configuration 

arrangements" are shown on Fig. 23-1. Only the sketches of Table 

5 - 1, ref. 2 0, are s hO\,I n . ( U ) 

..... .. , ... 

. . 
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j 

(U) 
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--......-... .... ~..........-~ ......... ~-- _ .... ... ... -
- ... • II 

NOTE 24 .,.: 

Res u me" fro m .. His tory 0 f the ~1 K - 1 2 / ~/6 2 War h e ad" (18 May 

1965 ) ( Re f. 22) 

\lX,,1 -sa _he 3, . L . 
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(SRD/CNWDI) 
-----.~ ---- - .. .......-.---- ~ - - .- ---, ......- -----------

Initially (Aug. 1962) the twin-RV concept of the MK-12 

(light ·and· heavy) program was intended for the Air Force use 
-

only. In Octobe~ of 1963, DDRE directed the Navy to use the 

MK-12 for POLARIS .. Unti 1 that date, the neutron fl ux requi rement 

se t by th e AF-I ha d bee~ 
___ i 

-DOD k (I) f h (3; 

After several AEC/AF/Navy 
, /I. 

meetings the new requi rements 0 DOE.. 
~~~~~~~~~~-~ 

as firmly established on 20 Dec. 1963. 

DoE I:, (3) 
After 

----------------------------------------------------~~ 

renewed resistence on the part of th~ A~r Forte, both 
.'.~ 

finally signed the proposed Me's on 20 Feb. 1964. On 2 June the 

Military Liaison Committee approved these MC's. (SRD/CNWDI) 

DOE 
b(3) 

//7 
1/ c;-
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• 

----1The next major perturbation to the primary design wast 

~roduced by a chan e in the x-ray requirements. ( The original AF 

. b(3)/ requi rement regardi ng x rays had been boE .l:.f:J"/ 

"-S I - tu-:. ~', ......... tla~Ody spectrum. This was changed L DoG 6(3) 

pon request of the Navy for the joint RV program. 
-j 

The Navy's requirement was more severe because of the shorter 

1 

deployment spac;nD(SRD/CNWDI) ~--~-:::r----~-. ____ _ 

On 12 Nov, 1964 the Navy 5 u.~e.s ted a chan ge jt~OE /,(3"") , 

~laCkbOdY. Accord;ng to the;rJ 

alculat;ons~6 b ("!.oj 4as a better cha_:_~~!:!.;zat;on of 

DOE 
l 1(3) 

. --
the x-ra ut of a t ica' fission w This was adopted 

for the MK-12 STS on 1 Dec. 1964. (SRD/CNWDI) 

On 11 Dec. 1964 the AF proposed a higher radiating 

temperature requi rement i n t~_e MK-I2 STfJ DO~ ~(3) 

from anv tern erature betwee 

(SRD/CNWDI) 
• 

24 M~rch 1965 lRl (Lll) announced another change in 
DOE . 
,!OJ I Iprlmary fromr n ( ) ,.JoE 6 3 

V" -~ 1 saving of 10-15 lb (4.55-6.82 kg) in \'1arhead weight was 

-expected and all MK-I2 vulnerability and safety requirements wereJ 

e x p e c te d to berne U. (S R 0 / C N W 0 I ) 

.. ~ . . . . 
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Evol ution of the MK-12 Sec'ondary 'iPO;'CPllJDI) 

~e secondary proposed by the AEC (ERDA) in the Phase 2 

I study (Feb. 1963) wa~ con ve n tiona 1 des i gn produd n ~E."';(3) 
In July 1964 LRL (LLL) propos e cill)tJ£ 6(3) 

.t ~ l..:. 

/the W/H in the RV for 

'end LRL also suggested 

--40 permit a more forward placement of 

the purpose of saving weight. Toward that 

the usr 
DOE 6 t3) In September 1964 

--1as lthe first testL--

completed successfully. By December 1964 the AEC was committed 

, DoE 6 (~ JA 
as then abandoned. parallel backup design USing/DOe bO) 

(S~D/CNWDI ) 

The development of the W-62 warhead required numerous under-

ground nuclear tests between 1963 and 1968. - The purposes of 

the set est s were ass 0 cia ted' wit h p rim a r y des i 9 n, 0 n e - poi n t 
~ 

safet.J/ Dol!. b (3) 

,SRD/CNwoiD . 

The evaluation of the hardness .of the W-62 to various 

nuclear effects was obtained by participating along with the 

whole r'lK-12community in severa l types of vulnerability tests. 
~. _ T. __ _ 

, DOe b (3-; 

I i 

DO] 
lie) 
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• 

Doc b (3) ---1 These were conducted} 

the Nevada Test Site by the DOD and the AEC. KSRD/CNWDI) 

NOTE 25 

Excerpt from "USAF Advanced ICBM Concepts (U)" (1965) (Ref. 

• • 
liE. PAYLOAD DESCRIPTION 

1. MIRV Bus 

DoD 

b (I) 
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3. Reentry Vehicle 

I M-X 
~~~~~'-~~~~~~~~Iis reentry vehicle 

arhead, airburst, 
and hea . 

The TITAN II improvement proposal includes several MIRV 

configurations: 

(Q 6 MARK-17 reentry vehicles 

2) Two buses each carrying 8 MARK If Doe I. (31 

I 3) Five buses each with 6 MARK lO( DoE b (3) 

ladvanced technology reentry vehicles. (SRD) 
~----------------------~ 

The 1965 hardening requirements specified were for cold x 

ray onl/~tJoe!. J. (3) --:'adi at-i ng temperature). (SRD) 
~ --.;;;;;t 

. -
• 

DOE 
6(3) 

-~ 
.. -...,-

• 

\ 
i , 
r ' 

)~ I 
7 J I 

I ,.., .::> 



· 
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\ 
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DoD b OJ 'I 6(":3) 

- - --- -.- . - .. -~ 

cle concept. (U) Fig u re . 25 - 2 • .I.i.8
iifiilill 
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NOTE 26 

Conclusions from the PEN-X study entitled liThe PEN-X Report" 

(Aug. 1965)(Ref. 27) 

1. 9 CONCLUSIONS 

· 'General conci~~;~;s~·;:;nted-h:;;;:;~;;;;.~::e conclusions have been inferred from 
· ~ . 
· effectiveness tables such as Table 1. 8-A; others derive from review of intelligence information, and 

some are primarily Judgments. 
'-. 

THREAT "'.'" 
... " 

'-'. ", ... 
. ' .. 

The possibility that the Soviets are deploying active missile defense must be taken seriously • 
• • '\t ... 

Ballistic missUe defense,m.1ght be scheduled for an initial capability 8:s early as 1·966 or 1967. 

Such a deployment could ~.~~ng-ra.nge (area) defense or terminal defense or a combination of 

the two. ~' ..... , 

, . 
The effect of area BMD on present US missile force capability may be substantial, even at low , . . -" . 

'\., .. 
).. 

levels of defense. 

The concern ou~r the pOSltble effects of arco defense' (!n the pruent force reflects the highly defenu
~lJo?'Cble target pricl!s and cost ?'Ctios e%IJ~ted by firsl'-r.enl!?'Ction arl!a defenses a60i~st present U.S. 
missile systems. This co.clusion also II1'Ider:lines the fa~t that a modest leuel of area defense can 
/Wouide S\ibs.tantial defrnu of a few - - /Jl!rhaps c",clel - - military targets by (lI1'I/Wedictable) /Wefer· 
ential defenu, . . '" .. 

: PENETRATION 

" 

,. 
.. 

.. ' ,.' 

.. .:-
.. " 

-' 

NeglecUng considerations of preferential defense, It Is feaSible to achieve a counter to area de-

fense, by using decoys and warheada which must be Ind.fvidually Intercepted, that w1l1 result in 

a cost ratio aubstantially favoring the offense, regarelless of the level or details of the defense. . . .. 

Tills ru"lts fram thl! jwdgmrnt (baud only on thl!oretiCGI anal)'us) that reasonably light, hordened, 
. 'uoatmos/>heric decol's can be rrl4dl! to be indiscrimiMble tram reentry uehiclea, regardless of de-

.. , 
: ,.' f€'flse sophistication. /t can be sef'fl that full)' defenu-inunsitilt(> payload options hch as Option 15 

.' prot'ide hbstantiall)' offense fovo?'Cble cost ?'Clios. Hou.oevl!", thl! I!f/uts of prl!fl!renlial dl!fensl! . 
; " ari not accOLmtl!d for in these cost ?'Ctios. . I ~ 
l-/' _ .. . . -.-------~-----------------... _ -----.~----- ~ .. i 

(~) 
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'... . "'~'_"_~-_'_" """'. _._ .... ~.OT.E.2£ J.contd) ._ .. _ ........... _...... ~ 

I r It i" f"a~;b-J-l.-t-~-:~ieve a counter to te~l-in-a-I-d-e-f-e~~: b~·-t~~: ·use of multiple small reentry ve- " ... "\ 

I hicJes. at a cost ratio somewhat favorable to the offense. regardless of the details of the defense./ 

1 La~er reentry vehicles used with reentry decoy~ are competitive in cost but involve aome riS .... k( 

~~'ese pomts ~re i/l"sh-cted by pay/oeds such as Option 16 and Option 9, respectively. Note that eocft/ 
01 th~~e rnclud~ eXCKhnll to CC1&DIter o"eo delrue. If they "'ere desigrted against termiMI delens/ 
oPtl),. the cost ratios "'C1Illd I,r. slight/)' more !ta'oroble 10 thE ollense. , 

\ •... 

Techniques have b~n identified which can provide cost ratios more favorable to.. e offense, 

Their effectiveness .· ·h~we\'er. depends more on the details of the defenses. / 

Good f'xampl('s of tJlI~"'iH'e Opt,on 2;; on1 OPtIon 3';. Effulll'f'ness agoinsl both a,Cond lermi1lDl de
(ensf' 's quite good B:. USf' of a shO"1 Sl.,p manl'UtJf"', m.:.lnE'loll·(,,·ing "eentr)' vet"cles can preven1 /Wef· 
~"entlOl df'fens(' by ayflO d~f,:nses. li 

'" 
While there are other penetration techniques which could be ev,eh more effiCient, they reduce the 

, . 
price of penetration Significantly only if the defense is generally poor or haa specific weaknesses 

~
' , which can be e"'''Ploited. 

* 
~ Ti,es£' techniques rrvJiI(' use of df'fens('- s('nslta'e modrs of pen etra lion and are not inclwded in the list 

of payload opt,ons The relatn:e rffutit'l'n('ss of such payloads ILGS studied, and sensitivity to defense 
, . ~., ' dptoils ILGS found to ,b,e extrern(' 

; 

HESPONSES 

, 
'" ":,. 

~ 

. ,. 
Penetration aids presently read): for the force would not contribute tci<penetrating area defense 

and c:mnot be relied upon to be effecth'e against early terminal defense'>~ 
'I" "!"':'!. , 

l~~sE'flt penetratron oMs or€' "ot -irsll:"t"~ to operate at thr frrf/ll.~"cy (l'HF) of li~IX.: radars for area 

L
defense, .\10reot·er.~;;nter-ott)ut spanng IS too small to p"ea;E'fIt multipl~ kills from~relJ def"Sf' in
terceptor bursts .. The effutu,.,nESS a~"'Olnst te,,,,,",nal -iefense depends .. pon the defensu' rflOctioPt 
"me and dlsC'rimi1lOtion capaftzllt). SlnC'e thr r~entr).' l'('hiC'1es are all blamt (Mark 2. 6't'lIAJ and the 

" defense ,,'ould IlOl.oe ample ILG ''?llng fr"," n('o "b,' tankage, dUOl effectiveness in dro"'i"6 fife is like I)· 
'. t~ be l'er).' I'~ited. . , "\ . 

. -

By 196; or:'i968 accelerated pro~rams could add ch:aIf '~;\d decoy pnckages to POLARIS A-3, and 
~ 

:\n!'ttJ~1A~-n. which then wouJei yield cost ratios fa\'orin~ the offense when used against fir!?,t. 

~c.·nl·r:ttion area defense. \ .. ' . '-, 
Tills condus,on "~'l""5 to Opr",ns -I an~ " .-\s lias h€'f'r. ~J:plazn~.J. the"e or(' sagnij'C'lJn' rncineermg 
",·obl.,rns to b€' 50/n!:i be/OJ'€' th.'5.' tc)./uJjs nHI be O(h'cl'~-:, . 

" , ___ . Ati 
.. - ---

(S~) 
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NOTE 26 (con td) 

-----_,..,.. _____ J....-.-... .& ....... ~._ .... _._ .... •• - • .• • ",.. • .,. ...................... ~ ....... ~ ...... .,.~ ... , ~ .. : .............. ! .• 

" " By 1969, and possibly earlier, the MINUTEMAN-n PBCS can be used to deploy Mark-12 reentry ...... ." 
vehicles. he'avy~ecoyst and chaff. Such penetration systems can exact somewhat favorable 

" . 
cost ratios from terminal defense t and substantially favorable cost ratios from -area defense . .... , -.' 
The target price against d"efense-in-depth is about the sum of the pric~s e;c'acted by the area and -, " , 

terminal defenses individually. By . ..l970 or 1971 POSEIDON could have similar: payloads. 

Th:~""'lra,ed by OptiOn '~. 
" 

." 
I 

-~'-

Continued vigorous RDT&:E on a wide variety of penetration "aids will serve to hedge against . -., 
errors in analysts and pl~g':'" to press the defense planner to increase complexity and cost, .. ' . . 
and to provide a ready-capability to exploit defense weaknesses If they be~ome, known. ~i 

• -.':&~"'" 
This ConCNlion i. obviowll)' a .to',,,,,n' of jwr1l'",nt., and i • • tot,d to ''''IJhtuiu tlaot th, PEN;:X 
.tJ.C:y r,inforCfI .wclr j1.£~'ntl, /t i. cl,or, for I%o",pl" tlrat .tJ.Cdifl 6\£clr o. thi. con b, mi.l,od· 
;"g and th,r,for, th, 'Wb}fCt ",w.t b, r'l%o",in,d p,riodicolly. /t i. olIO clNr tlaot a .trt:m6 and 
brood IU D prorc'" i. the priet of ad", ill ion to the 10"" of r"/>OIl.iv. payload optton •. 

~SFJ@tt .. 
~ ~$' i : ,.S1' 

( SJWt) 
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NOTE 27 

Excerpt from "A Study of MINUTEMAN MARK 18 Requirement and 

Configuration" (Feb. 1965)(Ref. 23) 

, fl pos t~i·ate·d--th'~e·at· 'fc;r us e ·i n exe rc is i ng an 
!Ass~ Destruction capability should intentionally be 
;estimated on the high side. Such an estimate, intended 
;to be a ·p1ausib1e maximum ' threat is presented in Fig. 
:27-1. The rationale for its selection and 
, justification as a plausible upper bound is as follows: 
: 1) Reasonably firm intelligence exists only in the 
;region on the figure between pOints A and B. Recent 
" new i n tell i g e n c e . has ten de d to co' r rob 0 rat e t hat 
·dep10yments of defense interceptors are continuing to 
maintain at least the rate shown in the A-B segment. 
Beyond pOint B the projection must be based upon 
assumptions of Soviet intentions .... (5) 

2) Even in the range from A to Bt where some 
specific indjcators are available, it is necessary to 
assume that the Soviets are developing ABM's and not 
lon.g range aircraft inte'rceptors, and that individual 
launch locations can be interpreted as multiple 
l.a u n c her s. ( S ) 

3) The ratio of area defense to terminal defense 
interceptors is assumed to remain constant 60 percent 
to 40 percent up to the point where 2000 area defense 
interceptors are deployed. The rationale for a . 
selection of 2000 is based upon NIKE-X exper'ence which i 
indicated that the marginal effectiveness of such area I 

: interceptors decreased rapidly at about that level. (S) I 
4) As another basis for comparison of the f 

:dep10yment rates, a proposed accelerated NIKE-X 
deployment schedule from th~ Army DEPEX study, dated 1 ! 

, October 1965, is presented.· For the sake of a direct I 
overlay comparison, the prQPosed Army schedule has been; 

:moved up three years. Note that the decrease in rate 'I: 

:'after the third year is not a fundamental limitation 

I

but is due to planned phasing of deployment. Both in ! 
the ea rly phas e a~i n the 1 ate tJ.m.e __ peri o.P~u i1 d u.P---l 
rates ar~_ .. ~j_~.!l~r." (S) -
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,---. .. NOTE 27 (contd) - ... 
----------------------------------------~------~~ -.... 
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Figure 27-1. Projected m!ft·£2ltfief ABr·'threat. (u) 
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Excerpts fr~m BSD Exhibit 62-59A ",.,ARK 12 Reentry Vehicle 

De s i g nCr i t e ria" (U ) (Feb. 1966) ( Re f. 28) 

•. , , .-: 

... 
" tuz ing 

~~he fuzing system shall be capable of providing 
the warhead with either surface burst or air burst 
s i g n a 1 s .. The opt ; on s h a 11 be cap a b 1 e 0 f b ~ i n g . r e mo tel Y i 
selected prior to launch with surface burst fuiing as l 
back-up for the air burst fuzing. (S) i 

i 
Surface Fuze t 

The surface fuze shall cause warh~ad detonation ! 

from 0-50 ft (15.2 m) above groun~. impact. The surface! 
fuze shall provide a warhead firi~g signal a minimum ofl 
100 m i c r 0 sec 0 n d s p rio r tow a r h e'a d de for mat ion. ( S ) ! 

• ! , "\ 

t Ai r Bu rs t . 
i The airb~rst fuze shall detona~e the warhead at a 
jpre-set height above the target within the specified 
f a c cur a cy 1 i mit s. { S '} 
t The height of burst shall be remotely . settab1e 

I
prior to launch between 1000 and 10,500 ft '(.~05 and 
3200 m) above mean sea level. The tar'gets of' 'concern 
wi 11 be a t ... a 1 t i tudes between sea 1 e vel and 4500"'''f ... eet 
( 13 72 m) . abo ve sea 1 eve 1 (i. e., m a x i mum he i g h tab ov.e 

~terrain' is 6000 ft (1830 m)]. It is assumed that t~. 
tstal)(!ard deviation of tarJet altitude above s~_a level "-
tdo(s D~Q~_~A..~~_~~ __ 7~ ... tt·1 ( S 1 
Nuclear Radiation 

The reentry vehicle shall be capable of 
withstanding, without d~gradation, the following 
reentry envi ronments due to enemy countermeasures . . (U) 
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........ _ .. .. -_.- ' ---------------_ .. - -.----- -" ----
Ne u .,. n .,-::rrJ i 

bCIJ/t critical 'altitude \ 
fro 6 (3) --:pe~m. (SRD/CNWDI) J 

Gamm\otal dose O~~D" (=;;u',.:;zSRDh (S,') I DO 
8 uniJfd - pr~ rate 0 x 10 rad/sec in I "...,'l 

10 - sec. S RD) .lIfiiI;i. , n (. .-.j) 

Ar - prompt rate 0J~. ~ 
- • I 

Do!) 6 t. I) 'SRD/CNWDI) 
i ~ 

I~ X _ Ray --.......u 

I: The~.design requirement shal1_ to survive" 
I expo~~re to a~ inte~r~~ed_!!l!x o..Lt~:~ 6(:b~dY 
I sources having temperaturesi.n - ran -:::::,.,L 
I -, - 0" ,,, .r . , '" ,. ~~ (SRD/CNW ...=:;7 

~ 001 
~.~h~e~N~a=v=y==r~e=q=u=e=s~te-d~r-e-q-u~i~r-e-m-e-n~t--w-a-s~f-o-r--a~h~,~·g~h-e-r--x---r·-a-Y~l-e-v-e~l-.~~' ~ 

!ia' ht and gt~er constr~s.dictate a design approach to meet 
Do 0 h (J) - - - , . eve 1. The cap a b i 1 i t Y tom e eta 

10m n 

NOTE 29 

Excerpts from "BSD Exhibit 66-10, "MINUTEMAN III Reentry 

System Design Criteria (U)" (25 April 1966){Ref. 29) 1~C(.~· .. 
,..,...-___ --------_·-'---0. '\. 

"3.5 MARK 12 Mission Re uirements' - The MINUTEMAN RS r I,', 
can fi gu red for. MARK 12 pay 1 o:ads sha 11 be capab 1 e of '~. 
attacking: 
a) Undefended target{s)(paragraph 3.5.1) I 
b) Target(s) defended by an area and terminal defense~ 

(P~.L~.graph 3.5.3>;:;:'15) . ----p-.... -- .-- -- .- ' --' 

.. t
i··'·j-$"3 

\ r -
It ' ) , 
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NOTE 29 (contd) --

-, 

3.5.1.1 

3.5.1.2 

GOO 

3.5.2 

3.5.2.1 

3.5.2.2 

3.5.2.3 

3.5.3 

-



3.5.3.1 

3.5.3.2 

4. 1.4 

, 
1 
~ 

i 
J 

1 
1 
J 
i 
i 
4 , 
1 

I 
", " ~~ /:.-
'-. . 

" , 
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NOTE 29 (contd) 

" 

00 0 b (/) 

- ~ .... . ... '-: .' ~ 
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Excerpt from "Atomic Weapons, Special Development Report 

(U)", -Defense Atomic Support Agency, Mar. 1968. Issue 6 (Document 

cl as sA fi Q J 10" See reU_ 

po': b (3) 

Figure 30-1. XW-67 design. (U) 

. ~-~"' . " " - -
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Excerpt from "SSD Exhibit 66-11, MARK 12 Penetrati9n Aids 

Subsystem Design Criteria (U) (25 April 1966)(Ref. 30) 

Parameter 

Simulation Altitude 

Survival Altitude 
\ 

X-ray Vul nerabil ;·ty 

Blast Hardness 

Neutron and Gamma 
Hardness 

TAB LE I I 

MARK 12 DECOY REQUIREMENTS (1) 

Requirements 

, .' .. 
IF rom 200 n aut i c-;;--~il e s-_o( 370 '-k-m-)-s-l-a -n -t - \.~ .' !; 

#ange from impact point down to 50 K ft. \ .. 
. (15.25 km) 

'-.1-
tlThrOUgh reentry down to 30 K ft. l 

( 9 .25 kmD __________________ ---.1 

Any deco~ in the train shall be able _to ~~ 
~JJr.llille# Do£ 1.(3) 1 DOE 
, ) - - T" • • • v II III~" +m' II 1(3) 

Co 

150 g. axial 
10q _ g.. 1 ate ra t 11.-_ 

__________________ ~', I. 

lli 

DOD b(l) 

(SRD) 

(1) ~e decoysShallbe designed to oPe~-;te in the range from t -:: •. 
00 to 5400 nautical miles (7400 to 10 000 km) for reentry, r; ' 

Jangles from 20 to 40 degrees referenced to the local -\\.-t 
,horizontal, Critical system parameters shall be optimized' ,, ' ,...J 
~for a range of 4550 nautical miles (8420 km) and a r~entry \ 
tangle co.:responding to a minimum. ene.r..9,Y trajectorl[j (5) 

"~ ,. ,~ - j 
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NOTE 31 (contd) 

TABLE III (cont.) 
t. · . 

..... _....-~ .... .....-._-..... ........... _ .... _J ......... • ... • ... · __ ._.-.-..· .. •• . .. lO ,. "-

D·' .. t 1scrlmlnan Simulation Altitude Tolerance 
-------------------------~~., --

r------~------:;;;;;:;.......~~· ~ -
\;" .... • 
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Figure 33-1. W62/MK 12 RV. (U) 
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NOTE 34 

Excerpts from A.F. MARK 12 Reentry System Characteristics, 

Performance, and Observables (U) (Feb. 1971) (Ref. 3?) 

Do~ 13 (I) 
'., 

Fig u r e ·34 - 1 • A F MAR K 12 re e n try s y s t em, cO.n fi 9 u rat ion s A ~-n d -... ) 
B-3. (U) . 
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Anti Intercontinental Ballistic Missile 

Advanced Research Projects Agency 

Ballistic Missile Defense 

Ballistic Systems Division of the Air Force 

(Beta) Ballistic coefficient 

Counter-Countermeasure 
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