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- " WSEG 'REPORT NO. 23 -

THE RELATIVE MILITARY ADVANTAGES OF
MISSILES AND MANNED AIRCRAFT

STATEMENT OF THE PROBLEM

l, To prepare a report, assuming reasonable success in
carrying out the plans for the IRBM.and ICBM, which would
set forth the relative ﬁilitary advantages (excluding
psychological considerations) of these_missiles in éompafison
vith manned alrcraft and with non-ballistic missiles assumed-’

L/

to be avalilable at the same time,

SCOPE AND ASSUMPTIONS

2. The military advantages of medium and long-range missile
systems and manned alrcraft are considered as they reiate to
the operations of strategic deterrence and retaliation within
thg-canpept of general war, - No consideration 1s given to
limited degrees of warfaré‘félling short of éeneral wér; :
since it is considered herein that the IRBM and ICBM have no
important use in such situations, It must be borne in mind,
however,.that many of the other systems consldered, particu;
larly manned aircraft, have essential uses in these types
of war -- glving them in thils respect an eséential advantage
over the ballistic missiles in question, On fhe other hand,
general war is regarded here very broadly: in order to under-
sténd the military potentialities of a weapon system on a
scientific basls, the most unlimited war situation in which
it has a potential use must be considered, not restricted by
any present date limitations of national policy. This hsas,
among other things, the advantage of showlng what the

potential enemy could do against us by means of the same

wegpon system,

17 J05 Memorandom to Director, WSEG, SM-290-57, dated
=" 11 april 1957, SECRET. |
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3. The delivery systems considered are:

a., Ballistic missiles: ICBM (ATLAS, TITAN), IRBM
(THOR, JUPITER), FBM (POLARIS); _

b. Aerodynamic missiles: Intercontinental -- NAVAHO,
SNARK; intermediate range -- MATADOR B, REGULUS II, and
TRITON, '

'g. Manned aircraft: B-47, B-52, B-58 (with and without
powered pod), A3D, A4D, and A3J,

4, In evaluating their capabilities, all delivery systems
are considered on a common basis: the assumption that the
published plans for producing them and the engineering fore-

casts of thiir characteristics are ressonably and equally
5 :
successful, Furthermore, no attempt 1ls made at an in-

dependent evaluation in these regards,

5. The time period involved is that of the Qperational
availability of the first génefationﬁiCBM,'IRBm; énd'FBM.
It is assumed that the o?her delivéry systems listed above
can be available in the same period. The period so defilned
is:éstimated aé between 1961 and 1967, although the accuracy

qf this estimate does not have 1n 1tself a major effect on

the concluSions.

6. Finally, it is assumed that there are in existence in

the time perliod consldered early warning systems capable of

2/ The assumption of réasonable success of the scheduled
engineering characteristics affects, for the most part,
211 the systems equally and does not produce any relative
discrepancles, There 1s, however, one exceptional case:
JUPITER's high predicted accuracy when brought into con-
nection with hard point targets (paragraph 43). This
possible exception has not been speclified in the general
conclusions of this study. If the results of this alone
were reflected in the conclusions they would indicate that
JUPITER is the most promising weapon for development,
WSEG believes there is insufficient evidence to warrant
such a declsion at this time.

CEREEETNENR, -2 - : WSEG Report No, 23

=
2
3
L
3.
6
7
8

10

11
12
13
14

15
16°
17
18

19

20
21

22
23




b -

P
s g ST

detecting approaching missiles and airecraft, and a communi- 1
cation system able to transmit information and commands 2
tetween the warning system, missile and aircraft bases, énd 3
the command posts. 4
DISCUSSION
7. See paragraphs 23 to Cl1, : . 5
CONCLUSIONS
GENERAL )
6
7
8
S

- 9. Ideally, a weapon system to be employed in the counter- 10

force role should have.a suitable CER/warhead yiéld com- 11
bination; fast reaction and faét delivery time, loﬁ 12
susceptibility to destruction by surprise attack, high 13
penetration capability, and good over-all operational flexi- 14

bility. No single weapon system programmed will have all of 15

these characteristics: 15
E.‘Manned aifcraft have the regquired accuracy ang pay-. A7

lcad capabllities, and constitute the only system cone_loro 218
sidered which has the desired'operaﬁional flexibility. - 16

:  However, because of.their slow delivery fiﬁe, decreasing . éO

penetration capability, and increasing base vulnerability, 21

their utility in the counterforce role will progressively 22

decrease,.

. Ballistic missiles will provide a very large im- -~ 24
provement in the'combined reaction/delivery timé and in 25
penetration caﬁability, and a potentially large improve- 26
ment in base invulnerability. .However, the CEP/yield 27
combinations of the first generation missiles are 28
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inadequate for the destruction of the large number of
nerd military targets which will eXist, Also, their
effectiveness will depend to a great extent on the
guality and completeness of the guidance and targeting
data.

c. Aacrodynamic missiles encompass a broad range of
penetratiaon dapabil;ty, vulnerabiiity, accuracy, and-
payload. bGeherally spealiring, the supersonic missiies of
tais fami;y have better penetration capability and
shorter delivery time tnan manned aircralt.. However,
they léck the operational fiexibility.inherent in manned
glrcraft, and ﬁheir accuracy/payload coﬁbinétiens are
inferior. As compared to ballistié missiles, the aefo-
dynamic missiles have better zccuracy/yield combinations,

vut their deiiﬁery.times and vulnerabilities will always

- be higher.

b, Deficiencies_}n accuracies and.payl#ads of first
genefation missiles agaﬁnst small hérd military targets
limit_éhéir utility for other than‘a supplementary role_
to manned bomber systems for attacging sucﬁ'targets in

the time period under consideration (1961 to 1967).

¢. The best means of attacking a heavily defended, com-

plex target system during the time?period under con- |
sideration is with a combinafion of-manned‘aircraft and

vallistic and non-ballistic missiles. .Employed in the.

proper balance, they can:
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under consideration.

' TR i

(1) Complement onerénother: - Wezpons can be
assigned targets for which they are individually best
suited.

(2) Have a reinforecing effect: - TﬁeAattack by
manned aircraft can be preceded Ly the disruptive'
effect of missile attacks.

{3) Complicate the énemy‘é defense problém: - The

‘diversified attack would impose upon the defender a

far more complex problem from the standpoint of early

warning'and active and nassive defense. .It 1is prébably

true that an active defense syStem'égaihst ballistic
missiles will not defend against manned bombers. The
converse 1s, of course, zlso true.

d. The reqﬁired level of attacks upon the large number

of military targets and their cumulative effects may well
ve sufficient, in this time period, to cause the destruc-

tion of the political and economic cente}s, as well,
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“This is not expected to occur in.the time period

1 . .
2

12. Because 6f the over-riding importance of weapon system
survival capablility, of fast ‘reaction and rapid delivery
- time. to counter the enemy's érowing_gapabilitf to launch
larger strikes in shorter tibe, it is c¢onsidered that a
significant improvement of Sur military posture lies in the
exploitation of the. growth potential‘of ballistic missilés.
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13. a. To insure the continued effectiveness of our 1
deterrent forces, 1t is necessary that z sufficient 2
fraction of these forces ve in systems which have a 3
very low susceptibility to destruction uy sﬁrprise attacl 4
2né which retain a capability for effectiverretaliation. 5
The threat presented by these forces aloné must be . 5
greater than the enemy 1s willing to accept to achieve 7
his po;itical aims., This high degree of invulneratility 3
to surprise attacll can be achieved throuéh improved re- >,
action time, dispersal, and hardening of our lané-baséd 10
systems, and by talking greater.advanfage of the mobility 11
and conceélment inherent in'sea-launch systems.- 12

: I13

14

15

15

L iFailure 17
5o to progress might tempt a test ¢f our strength. and 13
intentions, o :f 19
c. Déterrence in linited warﬁé}hough very important, 20

is not discussed in this report. 21

-

3/ The foregoing principles and conclusions have been

deduced primariliy in their application to general war

. -In 2 ' limited war, in re-
mote or peripheral areas, a greater recquirement for
flexibility, versatility, and accuracy of delivery of
weapons would most probably exclude the employment of
long-range missiles and most of the intermediate-range
valllistic and non-ballistic missiles of the type con-
sidered in this study. Greater dependence would be
placed .on families of shorter range weapons and manned
aircraft deliveries, .5 explained in paragraph 2, the
subject 15 not discussed in thils report,
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SUITMARY OF THE
M LLIT.RY ~DVANTAGES AND DISADVANTAGES OF THE VARIOUS WEnPONS

Menned ALircraft

14, The principal military advantages of manned aircraft
are:

Operationzl flexivility,

Y

Accuracy of delivery,

lo

High payloed capaclty,

lo

Established reliability,

(7

o

Reconnalssance capability.

15, The disadvantages are:
a. Decreasing penetration capability,
L. Increasing base vulnerauility,
¢. Long flight time,

d. Increasing system costs.

Ballistlic Missliles

15, 411 of the strategic ballistic missile systems have
the following general millitary advantages:

.g. Very iigh penetration capability,

lo

, Potentially low base vulnerability,
¢. Short flight time,

d, High growth potential,

17. The disadvanta"es'are'

‘2. Relativelv noor operatiocnal fle:xibility,
b, Low delivery accuracy,

¢, Low payload capacity.

18, Within the family of strategic ballistic missiles,
there are important military advantages and dlsadvantages
of each: _

2, ICEM (located within continental U.S.)

(1) Advantages

(a) No dependence on foreign vases,
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(b) Snort logistic support lines,
(c) High system security.

(2) Disadventazes

(2) An attacli upon the system draws fire on

the U,S.
». IREM (land-bvased)

(1) Advantages

{a) Will provide earliest strategic ballistic

mlssile capabilityh
{r) Most favorable CEP/yield combination,

(2) Disadvantazes

(z2) Dependence on Toreign bases.

. F3 (submarine-launched)

[

(1) Advantages

(a) Lowest susceptibility to pre-vlanned
surprise attacl,

(o) An attack upon the systew draws little
fire on the U,S. and none on Allies,

(c) No dependence‘on_foreign bases,

(2) Disadvartagzes

(a2) Relatively late system availability.

serodynamic Missiles

19. Aerodynamic missiles encompass a broad range of penetra-

tlion capabilities, motility, and accuracy. The comparison

2

of military advantages and disadvantages of the various
systems within the famlly is as follows:

2. Intercontinental Systems

(1) NAVAHO o

(a) hdventages

(i) Excellent penetration capability,

(11) Good payload capacity,

TR - 0 - WSEG Report No. 23
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(11i) Short rlight time,

(iv) Not susceptible to ECM.

(b) Disadvantages

(1) High system cost,
(11) Slow reaction time,
iii) Iowest reliability;
(2) SHARK |

(2) Aévantages

(1) Lowest system cost,
(11) Earliest availability,
(i11) Good payload capacity.

{b) Disadvantages

(1) Poorest penetration capability,

- (ii) Low growth potential,
(111) Slow reaction time.

b. Medium Range Systems

(1) MATADOR B

(a) Advantages

(1)
(i1)

Transportable,

Lowest system cost,

(1iii) Hizhest accuracy,

(iv) Gooc¢ payload capability,

(v) Quicliest reaction time,

(vi) Diversifiec penetration capability,
(vii) Relatively early availanility,

(viil) Highest system reliability.

(b) Disadvantac=es

(1) Low growth potential,
(i) Dependence on foreign bases,
(111) ZLong flight time.

(2) TRITON

(a) Advantages

(1)

Excellent penetration capability,
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(11)  Very high accuracy,

(111) Good payload capacity,

(1v)  High base mobility and concealability,

(v) Growth potential,
-{vi) No dependence on foreign bases,
(vii) Snort flight time.

(b) Disadvantages

(1) Highest system cost,

(14) Slow system reaction time,

(1141) Lowest system reliability,

(iv) Relatively late system availability,
(3) REGULUS IIX

(a) Advantages

(1) High accuracy,

(11) Good payload capacity, |
(iii) Base mobility and concealability,
(iv) VNo deﬁendence on foreién bases.

(b) Disadvantages

(1) Decreasing penetration capability,
(11) Slow system reaction time,
(111) Low system reliability,

(iv)  High system cost.

RECOMMENDATIONS

20, That a mixed system of ICBM's, IREM's, manned alrcraft

and aerodynamic missiles be developed for employment by the

U.S. during the period 1961-1967.

21, That missile siteés and air bases be hapdened-énd dis-~
persed to the maximum extent possible, Thils may involve
removal of radio-guidénce antenna in favor of all-inertial

guldance systems,
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22, That YWSEG be authorized to review this revnort one year

hence in the light of 3technological and other developments

during the year.

DISCUSSION

23, The first part of this Discussion will bte devoted to a
formulation of the general requirements that strateglc
deterrence imposes upon weapon systems. In case deterrence
fails, the weapon systems are reguired to have tie abllity
tc attack a variety of target .types. The second parc of the
Discussion accordingly treats targetiﬁg considerations agalnst
the general background of the various delivery systems. Tae
third and concluding part of the Discussion is concerned
wlth the military advantages of the ﬁariousfsystems in

sltuations of deterrence or-general war,

GENERAL REQUIREMENTS FOR OUR FULL SYSTEM OF WEAPONS

24, In tﬁe‘genéréljstrategic situation ﬁhich givés the
terms of reference ©to this study, our over-zll system of
weapons 1s required to have two functions: The first is to
ceter the enemy from launching war on us, by maintéining a
retaliatory caﬁability in being. The second function, which-
operates in case deterreqce fai;s and a general war starts,
is to maximize the chance of survival of our fopulatién and-:
-national strength by striking tne enemy's system of weapons
and powver and will to fignt. The two functions are different -
and impose requirements on the weapon systens that are some-
tfimes the same and sowetimes different. o understand the
Learing that this has on our choice of weapons, the generai
requirements for strategic deterrence and for strilting the

enemy's weapon system will now bLe spelled out.

Reauirements for Strategic Deterrence

25. The requirements for sirategic deterrence are:

LTRSS ~ 11 - WSEG Repert No. 23
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a. Tne ability to inflict damage on targets of primary
interest to the enemy's riational strength such as his
military, peoliticel, economic, and industrizal centers
and larger geographical areas.

. This damage to ve sufficlently massive to outweig
any conceivable advantage that the enemy might expect to
gain by the use of his milifary power against us.

¢. The ability to Strike with sufficient force in‘
spite of an enemy's a;tack, delivered with or without
warning, and in the face of active and passivé defensive
measures on his part. Furthermore, stratezlc deterrence
must not contain its own'cpuntermeasure by having its
use so physically detrimental to us or to our friehds
that we would be the less likely to use.if.

d. The will to use our milltary power under appropriate
circumstances to bé evident to our potenntial enemy;: na

reliance t¢0 be placed on decelving him in such regard.

Requirements for General Var

25, Tae requirements for general war are:
a. In case the war Starts by a surprise attaclt launched
Uy the enemy, we require the power of destroying whatever
of military power remains as a further threat.
b. In case the start of the war does not take us by
surnrise, we reqﬁire a2 system for striliinz every element

of the enemy's wilifary strength, with first priority in

time and importampce glven to those weapons that are

Girected against us first,

QOver-all Regulrements

27. 'There are general regquirements for performing both the
above functions. The first is that our over-all system of
weapons must have the ablility to respond to our political
intentions with minimum constraint of their mode of use by

phiysical limitations. This is promoted by:

RNy - 12 - WSEG Report lo, 23
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~a. Flexibility: /i strategic vweapon system has to

exist, exert its deterrent function, and ultimately
operate in a politicel environment, wilch may in the
course of world events call for varying orcers of threat

and graduations of deterrence.

L. Proof Against False Triggering: There should be

nothing in the physical characterietics of a2 deterrent
weapon .system itself tiat covld lead to 1ts preclpitate
use. It should be capavle of deliberate use, without

suffering any important degradation,

25, A further general requirement is the maintenance of
2 dvnamic advantage over the enemy's weapon systems, never
trusting a momentary superiority but having an ever-

developing program to anticipate change with change.

TARGETS, WiHHEADS, AND DELIVERY SYSTEMS

2C. Having discﬁssed the general requirements for a full

system of weapons, a second preliminary step will be talten in

cstablishing the relative military advantzges of missiles
anc other delivery systems;‘the warneads wihich are carried
and the targets against which they are delivered will be

examihed against the uacliground of the charactefistiCS'of

the various delivery systems.

Characteristies of Delivery Systems

30. Tahle I lists pertinentv characteristics df the weapon
eystems considered in tihls study. The.performance figures
for manned aircraft are taken from the references noted on
the Table,'as-is the missile data, which represent the best

available estimate of performance and weapon yield,

Targets and.Weapon Effects

31, Prinecipal targets in a zeneral war are listed by

function in Tatle II.
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TABLE I

CHARACTERISTICS OF VARIOUS WEAPON SYSTEMS
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BALLISTIC MISSILES

IR TREH FEN
ATLAS;TITAN JUPITER THOR POLARIS MATADC® B
_ HAXDAM | 5500 1500 . 1500 1500 at 43,000
RANGE (MISSILES) 250 ot 190"
RADIUS {A/C) ' |
- (n. mi.)
&/ | '
ALTITUDE . 680 n.mi. 320 p.2i. 30000 500—140,00)
©(eL.) , pn.mi.
'SPEED (Mach) 23 16 16 .9
PROPULSION Liquid Rocket Licuid Rocket . BSolid Rocket Turbo jet
GUIDANCE Radio-inertial Redio-~inertial All inertial Inertiusl -ATRAR
. er or . _ '
All ipertiel - All iperticl
ACCURACY
" (CEP)
e
WARHEAD i
(M) -
e/ Performance figures for manned aircraft are taken from: b/ USAF eircra
’ USAP Green Book, Stendard Aircreft Characteristics," low altitud
ig incorpor:

15 March 1957; and USN "Characteristics Summary, U.S.

Ravy Aircraft,” end information provided by OPNAV {OP-551).
Missile date is based on "Black Book"” information movided
to the OASD(R&E) by the three Services, dated Januery 1957.

¢/ Redius of %!

2¢ per ceni



TABLE I

a 2
- CEARNCTERISTICS OF V:iRIOUS WEAPON SYSTZNS
NOR-BALLISTIC MISSILES ] -
B SHARK NAVARD REGULUS 11 TRITCH B~L7 B-52
: D o/
000! 5500 5500 500 at M 2.0 1200 ' is5hg 5520
0 3500 with in- 1000 at M .9k (2 refuelings) (2 refuel- (2
creazse payload ings) Ini
M
52,000 80,000-90,000  60,000-7C,000 - 70,000 37,350 45,500 5¢
M
.9k 3.25 G4 - 2.0 © 2.7 .Th .78 -
- z
Turbojet  Rocket-boosted Turbo jet Rocket-boosted Turbojet Turbo jet
Ramjet Cruise ' ‘Ramjet Cruise
AR Stellar- Inertial Inertial Inertial ~ATRAN -- -
inertizal )

-—

¢ aireraft renges are for high altitude profile. The
“eltitude profile is not given but the significance
incorporated in the body of the report.

ius of tbese carrier sircraft can be extended zpproximately

per cent by one refueling.

LR T T Y ﬂ-l.bb!:j

4/ Mltitude givén for bal
trajectory. Altitude
craft Is alti{tude for

E/ The lower value of wo
value.
the time period under

The uprer valy



MAIMED AIRCRAPT

Fowered
-B-47 B-52 B-58 A3D-2 A4D-3 A3J-1 B-58 POD
5/ o b/ ¢/ ¢/
4545 5520 26k Unrefueled Unrefueled  Unrefueled 60 Cless B whd
2 refuelinge) (2 refuel- (2 refuelings) 1050(with 100 " C whé
ings) Inel. 200 p.mis, 1550 90 300 p.ml. 150 " D whd
' M 1l.5 dash " dash at
' M1.3)
37,350 k5, 500 52,000 vith 37,200 37,500 51,000 105,000
M 2 Dash o
LTh .78 .93 Cruise .89 .85 49 Cruise L.,0
2.0 Dash l.3 Dash
Turbo jet Turbojet Turbojet Turbojet  Turbojet Turbo Jet Liquid
: plus _ plus ‘Rocket
Afterburner ‘ . . - Afterburner
- - ‘ - | - Tm—- i . | : : batd - Inertiel

d/ Altitude givén for ballistic missiles is apogée for maximun range
trajectory. Altitude for non-bellistic missiles and manned eir-
craft is zltitude for high altitude run-in on target.

e/ The lower value of warhead yield for missiles is the programmed
value, The uprer volue represents the growth potentiel within
the time period under consideration.

WSEG Report No. 23
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Misslle Sites

Adlrcraflt Runviays

Strategic Alrcraft (sheltered and
exposed)

Commanc Centers

Communication Systezs

Ground-to-air missile
~ Establishments
Fighter-interceptor
AN : Yactical Establiisimments
’ Troops
Haval Units

Submarine Pens

Navzl Eases

Herdened Storage Sites

Logistic (particularly stockpile)

Storage Dumps

01l and Other Military In-
dustry

Transportation

Governmental Control Centers
City Population

-~

) Factories

Political ' . . Storage Sites

and Economic Industrial Transportation Systems
- Power Systems

Mining Operations

Populationé/

Rural Areas Agriculiture

2/ The consideration of the destruétion of clties as well
2s of various civilian targets is relevant to the present
Renort notwithstanding certain formulations of general
Unitecd States policy. <The information is applicable to
our own Weapon systems under variable policies, and to
our potential enemy'!s weapons when used against us, In
the latter connection, it may be emphasized that the
wnole Rcport can perform tite function of setting forth
wnat we have to fear from an. enemy maliing a rational use
of a system containing vallistic and other missiles.

32. From the points of view of vulnerébility and slize,
there are, as shown in Table III, four main classes of

targets: small hard, small soft, intermediate soft, and

Eow N

large soft.

- 15 - VSEG Renort No. 23
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STy
TADLE III
TARGET GROUPS
- 8ize
Vulre Small Intermediate Large
anility
Missile Sites
Alrcraff Runways
Sheltered Aircraft
Command Centers
Hard Goverrmental Control
Centers :
Submarine Pans
Hardened Storage Sites
(Stoclpile)
Industrial - | cities Geo-
. graphic
Aircraft on Fileld j Communicetion | Area
o Systems
Ground-to-air Missile Naval Shore
Soft Establishments Establish-
ments
ighter-interceptor Troops

Establihsments

Electronic Ground
Environment

33. The damage produced Ly a nuclear explosion is the com-

posite result of blast, heat, prompt radiation,

active fallout, and dep»osition of radio-toxic material

local radio-

(chiefly Srgo) in the soil of the country attacked, (It is

of course unnecessary to go 1nto the gualitative and quanti-

tative details of each of these effects in this place, since

accounts of these are well lnown. c¢f. AFSWP TH 23-200, SECRET

RESTRICTED DATA; also WSLEG Staff Study Neo. 37, TOP SECRET,

RESTRICTED DATA. )
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3L, In additlon to these localized effects, there are

world-wicde resulis of the radioactive contvaminetion ¢f large
portions of the eartii's stmosphere and resuliing wicespread
fzilout, with potentizl camger from Iingestion or, possibiy,
tarough genetic influence. Vhlle these effects are siight
witih presently contemplated scaliles of attacl:, they meyr not
alvays rez2in so upch their increaée, ana siould never e
lost sight of. lMcreover, locally, in the border regidns of

some of our sllies, such effects gy reacn caigerous propor-

LEL NN L B S ¥ B 16

L0w]

A\

tions., They eone, thercfore, into focus under the requirenent 10

-that a system should notc contaln its own countermeasure. And

it must be emphasized that any agency of strategic retaiiation

will fzll short of meeting tinls reguirement to tie extent
that (in spite of its actual safety) our nationals believe

tnat it probably constitutes a real hazard to ourselves,

35. Blast and earth shocit are the most important weapon

effects for the destruction of smzll terzets, votih soft and

haré. TFor intermediate soft targets, vlast and local fzllout

are the primary effects, with thermal raciation contributing

to a lesser extent. The only significant effect on rural

Y

areas is fallout.

Force Reguirements of the Delivery Systems for .iccomblishing
Various Missions

/
3%. Tatle IV presents the numzer of successful weapons

of eacn t&pe which must be.delivered to accomplish each of
four priméry missions, chosen to represent the four major
catezories of tarzets. Taese missions are:

g.-bestruction of a Specifiea fraction of the

nodulation of a city.

I For tune purposes of this report., 2 "successful weapon” is

defined as: a missile or bomdb which has survived zall enemy

action and has had no launch, flight, or fuzing fallures,

and is subject only to the random dellvery errors described

b the CEP, .
>/ See footnote a/ to Tavle II, page 15.
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TABLE IV

NUMBER OF SUCCESSFUL WEAPONS WHICH MUST
BE DELIVERED %0 ACCOMPLISH VARIOUS MISSTONS

- 18 - | WSEG Report No, 23




ILE IV

Y BE DELIVERED TO ACCOMPLISE VARIOUS MISSIONS

Destruction of Herd (100 psi) Delivery of 1000 MT

Point Target (Fallout Miseion)
(Prob. of Destructiom)
Q.25 .5 .15 .9

12 3 g 160 270

1 1 2 4 6.

5 13 25 1Y
Lon 26 '52'869/

1 1 1 1 1
1 2 5 10 16 .
1 2 5 10 16
1 1 1 2 3
) 1 -
1 1 1 1 1 '
. t
l 1 1 1 1 '
[]
1 1 1 1 1 :
11 1 1 1 a .
3
1 2 3 7 1 .2
' ' 5
1 1 1 3 L 2
4]
1 1 1 2 3 *
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Destruction of City

T/BLE IV

3/
NUMBER OF SUCCESSFUL WEAPONS VWHICE MUST BE DELIV

Destruction of Soft (3 psi)
Point Terget

Population
xpected Fraction Destroyed)
- 25 .5 .75 .9

2 4 7 12

Sy 2 3 5
1 2 L 6
hi 2 5 8
1 2 3 5
1 1 2 3
1 1 2 3
1 2 | 3 5
1 2 3 5
1 1 1 1
1 2 3
1 1 1 2
1 2 3 5.
1 1 1 2
1 1 1 1

f
successful weapon,” see footnote 4./, page 17.

(Prob. of Destruction)

1 .25 .5 .75 .9

1 3 5 9
1 1 1 1 1
1 1 1 12
1 1 1 2z 3
1 v 1 1
1 1 1 11
1 1 11 1
1 1 1 1 1
1 1 T 1 1
1 1 11 1
1 1 1 1 1
1 1 1 1 1
1 1 T .1
1 1 11 1
1 1 1 1 1

rement in certain places merely emphasizes that

as not built for that-purpose and implies no

ysten.



Destruction of City
Population

EAPON . (Expected Fraction Destroyed)

| 1 .25 D 15 _ .8
ATLAS/TITAN 1 L2 L 7 12
JUFITER 1 1 2 3 5
THOR P! 1 2 L 6
POLARIS 1 1 2 5 8
MATADOR B 1 1 2 3 5

_ SNARK ‘ '1 1 1 2 3 )
NAVAHO 1 1 1 e 3
| REGULUS II 11 2 3 5
TRITON ) 1 TP 5
B-52/47/50 1 1 1 1 1
13D/ALD/A3. 1 1 2 5
nowm | 11 1 1 2
, ,Po{re:_-ed B-58 | i 2 2 3 5
moomooom 1 1 1 1 2
oo 1 1 1 1 1

1 y, 7

a/ For definition of "successful weapon,” see footnote 4.,

b/ The excessive requirement in certain places merely emph:
the veapon system was not built for that purpose and im;

derogaetion ol the system.




TRV e T S

b. Destruction, with a specified probability, of a
soft (3 psi) point target. '
¢. Destruction, with a2 specified provabtility, of a
haré (100 psi) point target.
d. Area fallout deliverﬁ.
Tie veliues 1in Tatle IV are based upon the weapon character-
2stics (CEP and warhead yield) stated in '“eble I and
upon weapon effects data from AFSWP TH-23-200., For area
fzllcut, we have presented the number of weapons needed to
éeliver 1000 megatons. These numibers are to be interpretea
in 1izht of FPigure 1 (based upnon WSEG Researcn Memorandﬁm
No. 3) which shows the numbers of radiation casuzlties ex-

pecced from well directec fallout campaigns,

27. Ve must emphasize that Table IV expresses solely the
number of successful weapons which must Le delivered invthe'
target area, It specifically excludes important con-
siderations such as system reliability, attrition due to
enemy actlon, the time that is required to accomplish the

mission, and the costs of the various sytems,

OPCR/LTIONAL CONSIDERATIONS: QUICK RESPONSE

36. In drder to develon the role .of the various weapons
considered with respect to the national defense, it is
necessary to examine tiheir use as a deterrent anc¢ their
employment in war. The requirements for stratvegic deterrence
nave been:treated earlier in the Discussion, and the re-
lation of tafgets and warhead effects in tae section just
concluded., There remain the most severe requirements im~
posed by the need of striiting bacl: promptly at the enemy's

militaxy power with sufficlent force.

6/ For weapons whose yield is uncertain, we have con-
sistently chosen the lower yields of the ranges showm
in Table I, )

.~
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FIGURE 1

FALLOUT CAPABILITIES

FOR

DELIVERY SYSTEM WITH CEP -~
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© FALLOVT  CAPABILITIES AGAINST USSR FOR
* DELIVERY SYSTEM WITH CEP -~
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3¢. During the‘timé perigd cf concern in this study the
enemy will be unlllrely to bring all of his weapons to bear
egainst us in an initial concerted attack. He would be
unliliely to get off 211 his ICHM's in the first wave. Some
portion, which diminishes with time, will pre§umably remain
uncemmitted. Similarly, with manned airéraft and'aero-
.dynaﬁic missiles; he 1s unlilely fo launch his entire force
in hls opening strike. Sincé_the preservation of our people
' gnd our national strehgth is of »naramount concern, the tasit
afzer an assumed first attack on us is to prevent further

injury.

Bzllistic Missiles

LO. Because of the short time required for readying them
following the execution order and their very short time of
flignt, ballistic missiles are eminently suited from a
time standpoint for this initial task, ‘But bécauééAof their
'comparatively low warihead yield and rather larze CEP,
bellistic missiles cannot be counted upon to do wmore than
.temporarily neutralize some of the categorles of target
shovn in the 1list in the following paragrapa. (Thic con-
cept of neutralization will be set forth nere and in
succeecding paragraphs.) The'period-of neutralization can
be sufficiently long in some cases, however, to allow time
for wanned vombers or aerodynamic mlssiles possessing better
accuracy and carr&ing higﬁer yield warneads ©to malie their
flight and attackzin strength with a high provabllity of
destruction, taereby minimizing the threat to the U.S, from

follow~up strillkes.

41, The principal elements of the enemy's remaining forces
wnich would be inveolved in carrying out follow-up strilies .~
are: Long Range Alr Force command control centers, ICIM

launcning sites, aircraft staging bases, Long Range Ailr

- 21 - 1JSEG Report No. 23
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Force home bases, governmental control centers, and national
atomic stoclpile sites. Timely and succeséful attacl
against all of these targets would guarantee the blunting

of every major element of the enemy£s remaining striking

v

power,

42, Long Range Air Force command control centers, govern-
mental control centérs, and national atomic stoclpile sites
are smali, hard targets which, to be'damaged, will reéuire
2 rathner large number of ICIM's, This {s a result both of
the hardness Sf the target and of the CEP of the ICEM.

In the period under Ebhsidération tﬁé CEP of the ICEM 15_
planned to be  'fL and fhe-yield If we make

the reasonable assumption that these'targeté are hardened

so that 100 psi overpressure 1s required for their destruc-
tion, tﬁen, as shown in Table V (an extract of Table IV),
for 50 §ef'¢ent probabiiity of déét;uction enough ICEY would
need to be assignéé to inéure the deiivefy of BO'succcssfui

missiles,

43, An improvement in CEP to the accuracieé planned for
- POLARIS, THOR, anq JUPITER woﬁld mariredly reduce the |
number of_miésiles reqﬁired. From Table V 1t ls noted
ﬁhat the numbers of suécessful weapons reﬁui?ed'for 50 per
cent damage probability are, respectively, 25, 13, and 2.
Even with their CLP of . POLARIS énd THOR are not-
suited for employment against 100_psi targets. 4 reali-
zation of | CEP for JUPITER would allow serious
consideration of this missile for use against small, ha?d
“targets (See, however, footnote 2/, page 2.,.In.paraza-
zraphs below, which deal witﬁ JUPITER, this matter'wil;:hot

again be mentioned.)

7/ Vith the exception ol suvmarines and other naval units
wnich are not considered here,.
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TABLE V

e . (EXTRACT FROM TABLE IV)

NUMBER OF SUCCESSFUL WEAPONS  VWHICH MUST BE DELIVERED TO ACHIEVE PROBABILITY OF DAMAGE INDICATED
_ SMALL SOFT TARGET SMALL HARD TARGET
CEP _ . (3_psi) » . (100 psi)
YIELD, MT Probability of Destruction (%) Probability of Destruction (%)

10 25 20 75 90 10 25 50 T5 90 "
ICBM (ATLAS, TITAN) _ 1 1 -3 5 9 12 3B 80 160 270 ,

IRBM (THOR) _ _ : 1 1. 1 1 2 . 2 5 13 25 42
IRBM (JUPTTER) ' | 1 1 1 1 R | 1 2 b 6 5

FBM (POLARIS) 1 1 1 2. 3 L 11 26 52 86

8/ For definition of "successful weapon,” see footnote i, page 17.-
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44, Tne ICEM!s compare more favorably with the other
systems when thelr ability to neutralize the soft elements
of alr bases is considered., Staging bases and Long Range
Liir Forces are vulnerable mainly through thelr aircraft

‘and through the effects of radiological contamination on.

personnel.

45.'Disruption of the enemy!s staging bases would mean
that duri#g the perlod whereiln they were inoﬁerative he
would be restricted in delivering warheads by alrcraft to
the use of his he;vy, long-range bombing forces. Hedium
bombers,'which must stagzge 1n order to méke round trips,
wpuld not Be'available to'him dufing this ihterval; He
could, of cour#e, resort to cne-way missions for ﬁediums,
ut short of tﬁis type of employment tne enemy's air threat
to U.S. targets in terms of numbers of airc;aft might be

recuced by as much as 50 per cent.

~-h6.'ﬂttacking'the enemy'!s Long Range 4Alr Force home bases
would bring under attacl: some portion of the enemy's heavy

bomber force. JAircraft on these Lases could be tewporarily

immobilized, but it should be pointed ocut that significant

‘Anumbers of them could have been deployed to alternate and

satellite fields and consequently might escape the initial

U.S. ICEM attack.

47. A blast overpressure will cause quite severe

damagze to bombing aircraft{ This:overpresﬁure applied to
an airfield will insure that any alrcraft found on it will

be unusable for a‘period sufficieht to allow retaliating

.manned_bombers._to. arrive and complete fhe:airfield destruc~

tion.

. 48, This overpressure will also destroy any ballistic
missiles which méy be exposed on their launchihg pads and

may damage the cranes used for positioning them.
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" 49, ;i probability of 50 per cent of aghieviﬁg the avove
type of damage to 'aircraft Lases and unhardened ICBM sites

is attalned by assignlng ICHEM, to such targets so that

tiaree successful mlssiles are delivered. In the case of

the IR a single successful mlssile 1s sufficient and

will, in fact, result in greater than 50 per cent probability

-

of damage.

50. Ve conclude from the above that 1t is approbriate to
assign- iCBM to the airfield and ‘unhardened ICDM site targets

and the IREM and FEM to the control center uarsets

Aerodynamic Missiles

51. An eppreclation of the‘very important'advanfage
mentioned earlier which ballistlc missiles possess In time-
liness of delivery over other delivery means is gairied by
a rough comparison of the times of flight involved, ICEM
- flight time for rangesk;ﬁ fhe‘néighborhood of-5500_n{ﬁi.

_is about one-half hour while IREM flight times for.distances

of 1500 n.mi. are about 15 minutes.

' Subsonic missiles
(SNARK) and bombing aircraft require even longer perilods:
from &6 to 12 ﬁou;s when launched from U.S. bases.. Airplanes
of the era of concern flying from alrcraft carrlers will
have maximum radii of approximately 1500 nautical miles:
and'would require avout 3 hqpps of»flight to rgaqh Eq{géyg

at this distance.
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TAELE VI

FLIGHT TIME IN HOURS

OF SEVERAL DELIVERY MEANS
FROM CERILIN BASES

&~

SNARK
NAVAHO
B-47 3
B-52

B-502/ 19

7 10
i 3
B 53 9. - 123
- 81 12
z 3'3 62 9%

2

a/ B-50 assumed to fly.supersohiéally wnile over enemy
territory. ) .

Heutralization

' This plénned rate of launch, plus short de-:

"1ivery time, gives the ballistic missile a unique advantage

L

over all other means of warhead delivery in situations

where quick reaction is a primary reqﬁirement. This- ad-

vantage‘is oneé which ballistic missiles will maintain in

the face of even marlted advances in the performance of

2 -

“manned bombers and-.aerodynamic missiles.

54. In conclusion, during the initial period of the con-

flict when the requirement is for the fast delivery, the

-~ ballistic missile-is the only vehicle which provides that

capabilit&, However, the destruction which it can accomplish

is greatly limited by the large CEP of the early missiles.

The major military mission of the ballistic missile at

- 25 - WSEG Repopt No. 23
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thiis time must be‘deéfruction of soft beses and soft com-
ponients of bases togethner with disruption at hard installz-
vions., The more complete destruction of hard enemy
installations must be left for more accurate delivery

vehicles,

OPERATID NAL COHSIDERATIONS: MASSIVE FOLLOW-UP STRIKE -

55. The role of the ballistic missile in disrupting and
retarding the enemy's efforts at ﬁounting follow-up strilies
i1s 2 vital and indispensable one, dbut is not in itself
sufficient. There must be a subsequent-attack in strength
by vehicles which are capable;through a comvination of
better accuracy and ﬁigher vleld warhead of causiﬁg com-
plete destruction of tiiose eleménts of the enemy's striking

pover whilceh remain unused,

..ccuracy and Payload

55. In paragrapﬁ'43 was pointed out the number of success-
ful vallistic missiles required for destruction of small,
hard {100 psi) targets. ‘Me numbers of:guccessful missiles
required to achieve 50 per cent probabiiity ol déstruction
of such a targetsare 80 ICal's, 26 POLARIS's, 13 THOR's,

and 2 JUPITER's,.

57. From Table IV of the preceeding sectlon we note that
the aerodymamic missliles SNARK and NAVAHO are.able to
achieve this result oy delivering five successful mlssiles: 
while in the case of the aerodynamic MAT.DOR a sinéle
successful missile suffices. Any of the manned bomber
systems require successful delivery of but a single bomb.
This disparity in the number of warheads reguired between ~

Ithe inon-ballistic dellvery means and the ballistic missiles

o/ 0 course, these ‘comparisons are only meaningfut*whén;
targets attacked are within range of the intermediate
range missliles.
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1s seen to be marlked in the case of small, hard targets,

but is zlso to be noted in the case of city ﬁopulation

targetcs.,

58. Ve conclude,‘therefore, that ballistic misslles are
unsuitable for the destruction of the hard targets which
constitute most of the elements of the enemy's unused
striliing power, by reason of the large number of them re-
quired, and that_manned'bombers and certain aerodynamic.-

missiles are provably well sulted to this tasi:,

5. Table IV is valuable in that it affords an appij'éc_iation
‘of the efficiéncy-éf the various weapon_é&éteﬁs expected to
Le avallable in the time beriod uﬁder consideration: It
does so by talking .into aécount their ioad-cafrying abilities
és well as their éstimated delivery accuracies, but 1t does
not consider certaiﬁ.othér factors which, -talen with these
tvio consideratiohs; éfe'necesgary td tﬂé SeIECfioh'of an |

ontimum weapon system for destruction of a particular type

of target.

50. While we can derive from Table IV the conclusion
fhat manned bombers and aerodynamic missiles are bvetter
suited to malkking the attack in strength which follows the
initial duiék ballistic missile strilte, we must take. into
accpunt factors other than accuracy and warhead yleld when
we attempt to polnt out the advantages of delivery means

within these classes.

Vulnerabllity at Target

51. The manned bomber npossesses the test accuracy and
carries the greatest payload of any of the delivery means
here considered. Its CEP 1s of the order of

and the yileld of 1ts payload 1s sufficiently great so
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ﬁhaﬁ it is possiile to equate one bomb with one target.

Yet, because of the mény faﬁtors (such as improvement in’
defense, etc.) which act to decrease the chance that a
particular bomber in the inventory will ever deliver a

bomb on a targét within enemy territory, othef vieapon
systems which are markedly inferior in the accuracy of their
delivery and in yvield of theifkgaaﬁéads are able to coapete

with manned aircrafﬁfggp-employment against certain targets.

The defenses about these éitieé'
will ve extremely strong and the expectation of su&vival
of a bomber attemtping to penetrate them 1n order to arrive
at a.bomb release point may reach'a rather low valué. To
insure that a single bomber would survive fo drop-its.bépb‘

might require an inordinate number of bombers in;thé in-

ventory when compared withi' the number of aerodynamic missiles

required to accomplish the same task.

msem e oo B3 Thus, the"aerodynamic:missile'NAVAHO whicn carries a

smzller yleld warhead and waich is capable of less accurate
delivery than a manned bdmber may neveftheless be 2 more
appropriate weapon fo use azainst targets of this type
because 6f its better chances for survival. NAVAHO cruises
at altitudes cdnsiderably hi%her thaﬁ those of which the
manned airc:aft are capabie:;nd alsé cruises at a speed .
several times the speed of found. The enemy will be re-

culred to inaire substantial improvements in those of his

defenses designeénta_céﬁé_wfﬁhfsubsﬁniq and transonic

vombers in order to upgrade thelr performance to a point

where they can offer any significant threat to NAVAHO.
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| 64. Due to the trend of }ncreasing effectiﬁeness of the
defense relative to the'abllity of the manned bomber to
defend 1tsel§, it may ve expected that the usefulness of
the manned aircraft in attacliing heavily Gefended targets

will decrease during the period of concern in this study.

— -

Tnis follows as & result of the
accuracy with which‘é manned air@faft can deliver its war-
head ana the_concbﬁit;ntly_fewer warhesads reqﬁifed_in com-

parison with -other systems.

©+ 66¢v-In-a case such as-this-where the accuracy of delivery
of the manned bomﬁéf i$ én_order of magnitude gréafer than
that of NAVAHO, tﬁe'maﬁned'aircraftlpqssesseévah advantage
which is not easily overcome by even a marieaq decrease'in_

vulnerabpility.

57. Vieapon systéms, in the order of decreasing_yul@é;a?ility
at the target, are: subsonic vehlcle; éupersonic vehicle;
and ballistic missile, Tactiecs such as flying low,‘electronic
pounterﬁeasures, and decoys greatly reduce the vulnerabllity
of the subsonic vehlcle, while technological developments,
especlally in the surface-to-alr missile Systeﬁs, are likely
to malte the .aerodynanic vehicleé increasingly vulnerable.

Ballistic missliles will renain practically inwvulnerable

until 1955,

Flexibility

63. The great advantaze of the manned bomber in comparison .

with any of the missiles 1s that it carries a human
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infclli;cncc. hc rcquircacnt for huaan opérators résults
in an acrodynanic perfomiancc penalty to tho bomber, but
there arc neverthceless nanifold advantages to be gaincd

by thcir prescnece in an attack vchicle, Pcrhaps the nost
valuablc aspcet of the prescnec of hunian operators is that
it allows rcaction to conditions found in tihc target arca.
vhich arc giffcrent from thosc anticipated. Another very
uscful funetion that huwian opcrators perfora 1s recon-
naissance, They bring back.cvaluatcd information concerning
bomb drop locations, target destruction, cncmy defcnse

dispositions, etc.

Vulnerability at thc Basc

59, In order te mcct the requircacnt for survival of

our niilitary strcengzth in the cvent of a surprisc attack,

a nunbcer of protective mecasures cgn be falien., These include

the devclopment of carly warning ﬁith_quick—launch or fly-
avay capability, and hardgﬁing‘or'mobiiity of the launching
bascs. As a matter of fact, in the cra when the cnemy
pOSSCSSes a pallistic missilc system comparabic in accuracy
to eur own first gcncration systcem the nost cffective
protection of our land bascs is likely to be obtaincd by

nardcning and'dispcrsal.

70, Ballistic and aerodynamic riissile sites becausc of
their ccllular configuration can be morce rcadily hardened
and Jould thcrefore be lcss'attracfive as tarzgets than cen-
vcntional air bases. The very large nunber of ballistic
missilcs regquired to destroy a hardened missile site is
ind;;atcd in Table V. (See column headed "Destruction of
a ngdencd Point Target" in the "ATLAS/TITAN" row.} This

nuaber is so largc'that it is unlikely thec cneny would
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aftack such sitcs.g/
71. In contrast, the individual convcntional air bascs

rcpresent such concentratlons of military force that it

1s a2lmnost inpossiblce to protecct thém adcquately so that

they beconic unattractive targets, Even with.thc succcess

of the alert force conccﬁt no nore than | of the

force could get into thce air pridr to thc arrival of

ballistic missiles and no morc than

additional could take oif Qrior to the arrival of manncd

bombers cven- if they were hardencd.

72, The sea-launch systcns utilize to a large extent
mobility and/or concealient for their protection: Con-

cealnent, in the casc of submarinc-launch systecns, nakes

then probably the.most ncarly invulnerable launching "bascs’

"of any of our delivery systcms.

COST _
_73. ¥While it is truc that thc choicc of a weapen systcn

for attack of & particular target must 1n nany cases be
nade primarily without regerd to cecononlc consideratisns,
there are ncvc;thc;ess nany situations, all othgr things
being equél, in which thc choicc 1is morc'appropriatély madc

on these grounds,

74, A choice bascé en ccononic factors depends 1n-turﬁ

upon a deterninatior of force rcquiremcnts to which.cost

‘estimates riay be attached, ‘The factors which cnter inte

a deternination ef forcc requirements include:
a. Avallability (or “in—commission");ratcs of air-
craft and missiles. _ . '
b. Probability of surviving thc initial cneﬁy atfack.

9/ We must cautlon that current plans de not call for
hardening of early ATLAS sites. Howcver, this declsion
nay yct be changed. It i1s planned to harden all TITAN

sites.
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¢c. Abort rates.

d, Attrition rates duc to cnemy action.

75. In the case¢ of manned benbers wherc our accurulation
ol cxpcrience is greatest there 1s felt to be a wide
range of possible values for each of these factors. Ve
nave even lcss expericnece with acrodynanic missilés and
cxperience is practically nil for Ballistic missiles.
This circumstance of uncertainty in the computation of
force requirencnts dictates a cautious approach to com-
parisons among nissile systems which are made on an ccononic
basis. Ve shall nake a few such compafison, but must warn
the rezder against drawing any but the_broadest_infercnces

froamr then,

10/

76, In Figufev2 is shown a curve of "deliverability"
as a functien of the annual total systen coest for the B~52
weapon sySteﬁ thp the target is a émall,‘hard targét which
st be destroyed with a SO per cent probability. The
cross-hatched area 1s bounded top and bottom by lines re-
presenting the costs of the NAVAHO wcabon system when

deliverability is respcctively 0.2 and 0.5.

77. We note that if NAVAHO deliverability is 0.5, a value
which might be attained after SOme,eipericncc has beeh
gained in the missiles! usc,'the deliverability of the B-52
would nced enly have a value of 0.17 in order to yleld
the samc annual systems cost., If B~52 delivcrability is
grecater than 0.17, cests will be less than for NAVAHO for
this target and a choice made in this case on ccononic
zrounds would be in favor of the B-52, 1If it fell bélow

0.17 while NAVAHO remaincd at 0.5 deliverabllity, thc choice

n

w o ~N o\ e W
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10/ By celiverabllity 1s meant the chance that a single bomber |

or nissile in the inventory willl deliver a warhcad on the

target, Its value, of course, depends upon the assunptiens

nadc as to the values of the factors listed above which go

to make up force rcgquircments.
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FIGURE 2

ANNUAL TOTAL SYSTEM COSTS FOR DESTROYING
WITH 50% PROBABILITY A SMALL, HARD
' {100 PSI) TARGET
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would be in favor of NAVARHO, | > 1

78. Of course, as NAVAHO deliverability dccreases, B-52 2
deliverability has to beccome inereasingly poorcer in order 3
for it to be displaccd by NAVAHO, What the actual valuce 4
of'B—52 deliverability may be is of coursc very difficult 5
to predict, but against a smnell hard target it would 6
appear that the B-52 may retain én advantage over the 7
NAVAHO. . 8

79. Figure 3 is similar to Figure 2 but apclics to the g

case of a political or gconomic center, tnat is, a population 10

target. In th;é casexthc'NAVAHb probably would have a _ 1l
decided advantége over the B-52 from an ccononiic view=’ ' 12
point. 13

80. The B-52 might'élso be displaced by ATLAS in the 14
case of this type of targ@t because the cxpected stréng 15
defense of populatibn CGnécfs ﬁould result in a ﬁiﬁimum h 15
value for B-52 deliverability. 17

8l. These cxamples are offered as illustrations of how, 18
when more complete information becomes avallable, it may 19
become possible to make decisions on econonic grounds. 20
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FIGURE

ANNUAL TOTAL SYSTEM COSTS FOR EXPECTED DESTRUCTION OF 50% OF
. POPULATION IN A CITY TARGET
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ONE YEAR TOTAL SYSTEM COSTS — MILLIONS OF DOLLARS
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