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" MWSEG REPORT NO, 23

THE RELATIVE MILITARY ADVANTAGES OF
MISSILES AND MANNED AIRCRAFT

STATEMENT OF THE PROBLEM
1, To prepare a report, assuming reasonable svuccess in
carrying out the plans for the IRBM. and ICBM; which would
set forth the relative ﬁilitary advantages {(excluding
psychological conslderations) of these missiles in éompafison
with manned aircraft and with non-ballistic missiles assumed”

L/

to be avallable at the same time,

SCOPE AND ASSUMPTIONS

2. The military advantages of medium and long-range missile
systems and manned aircraft are considered as they relate to
the operations of strategic deterrence and retaliation within
the -concept of general war, No consideration is given to
limited degrees of warfaré‘félling short of éeneral wéf; :
since 1t is considered herein that the IRBM and ICBM have no
importent use in such situatioms. It must be borne in mind,
however,'that many of the other systems considered, particu;
larly manned aircraft, have essential uses ih these types
of war -- glving them in this respect an eséential advantage
over the ballistic missiles in question., On fhe other hand,
general war 1s regarded here very broadly: in order to under-
sténd the military potentizlities of a weapon system on a
scientific basis, 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 has,
among other things, the advantage of showing what the
potential enemy could do against us by means of the same

weapon system.

1/ JCS Memorandum 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, TIi‘AN), IRBM
(THOR, JUPITER), FBM (POLARIS); _

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

‘¢, Manmed aircraft: B-47, B-52, B-58 (with and without
powered pod), A3D, ALD, and A3J.

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

casts of thi}r characteristics are reasonabiy and equally
5 ,
successful, Furthermore, no attempt is made at an in-

dependent evaluation in these regards,

5. The time period involved is that of the operational
availability of the first ge'ne'rat':ionﬁ.ICBM, 'IRBM, é.nd‘ FBM,
It is assumed that the other delivéry systems listed above
can be availlable in the same period. The period so defined
is:éstimated aé between 1961 and 1967, although the accuracy
qf this estimate doee not have in itself a mejor effect on

the concluSions.

\

_6.'F1na11y, it 1s assumed that there are in existence in

the time period considered early warning systems capable of

2/ The assumption of reasonable success of the scheduled
engineering characterlstics affects, for the most part,
2ll the systems equally and does not produce any relative
discrepancies, 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 specified 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 %o warrant
such a2 decision at this time.

CEERTRINNNE, -2 - : WSEG Report No, 23
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detecting approaching missiles and aircraft, 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 01, : ) 5
CONCLUSIONS
GENERAL
6
7
8
G

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

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

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

these characteristics:
g.-Manned aifcraft have the reqguired accuracy and pay-. A7

lcad capabilities, and constitute the only system cons_larcz13
sidered which has the desired operational flexibility. - 16

: 'However, Tecause of.their slow delivery tiﬁe, decreasing . éO
penetbatibh capability, and increasing base vulnerability, 21

their utility in the counterforce role will progressively 22

decrease. ) 23
. Ballistic missiles will provide a very large im- o4
provement in the'combined reaction/delivery timé and in 25
penetration caﬁability, and a potentlally 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
nard military fargets vnich will exist, Ailso, their
effectiveness will depend to a great extent on the
quality and completeness of the guidance and targeting
data.,

C. aAcrodynamic missiles encompass a broad range of
penetration dapabil;ty, vulnerabiiity, accuracy, and
payload. 'Geherally spealiing, the supersonic missiies of
tails fami;y have better penetration capability and
shorter delivery time tnan manneg aireraft.. However,
they lack the operational fiexibility‘inherent in manned
aircraft, and their accuracy/payload coﬁﬁinétiens are
inferior. As compared to ballistié missiles, the aefo-
dynamic missiles have better accuracy/yield combinations,
but their deiiﬁeny.fimes and vulnerabilities will always

. be higher.

o. Deficiencies_;n accuracies and.paylﬁads of first
genefation missiles against small hﬁrd military targets
11mit_£héir utllity for other than¢a supplementary role_
to manned bomber systems for attacging sucﬂ‘targets in
the time period under consideration (1961 to 1967).

c. The best means of attacking a heavily defended, com-
plex target systgm during the time?period under con- |
sideration is with a combination Gf-manned;aircraft and

vallistic and non-ballistic missiles. Employed in the,

proper balance, they can:

m - L - VISEG Report No, 23-
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under conslideration.

ey i

(1) Complement one-énother: - Weapons can be
assigned targets for which they are individually best
sulted,

(2) Have a reinforcing effect: - The_attack by
manned alrcraft can be preceded by tne §1sruptive'
effect of missile attacks.

(3) Complicate the énemy'é defénse problem: - The

‘diversified attack would impose upon the defender a

far more complex problem from the standpoint of early

wa:ning'and active and passive defense., .It is prbbably

true that an active defense system against ballistic -
missiles will not defend against manned bombers. The
converse 1s, of course, zlso trie.

4. The reqﬁired level of attacks upon the large number

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

tion of the political and economic centers, as well.

L T T,
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“This is not expected to occur in .the time period

1 .
r

12. Because of the over-riding importance of weapon system

survival capability, of fast ‘reaction and rapid delivery

- time. to counter the enemy's érowing_gapability to launch

larger strikes in shorter tibe, it is consldered that a

significant improvement of our military posture lies in the

exploitation of the growth potential of bvallistic missiles.
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13. 2. To insure the contlnued effectiveness of our
deterrent forces, it is necessary that a sufficient
fraction of these forces vbe in systems which have a
very low susceptibility to destruction by sﬁrprise attacl:
and which retain a capability for effectiverretaliation.
The threat presented by these forces aloné must be

greater than the enemy is willing to accept to achieve

D N NN W N

his political aims., Tnils high degree of invulneratility

to surprise attacl can be achieved through improved re- °
action time, dispersal, and hardening oonnr 1ané-baséd 10
systems, and by taking greate;'advantage of the mobility 11
and conce%lment inherent in sea-launch systems.- 12
: j13

14

15

15

o {Failure 17
50 to progress night tempt a test cf our strength. and 13
intentions. o | }. 19
c. Déterrence in limited warﬁg;hough very important, 20

1s not discussed in this report. 21

3/ The foregoing principles and conclusions have been

deduced primarily in their aspplication to general war

. -In a limited war, in re-
mote or peripheral areas, a greater recuirement for
flexibility, versaztility, and accuracy of delivery of
weapons would most probably exclude the employment of
long-range missiles and most of the intermediate-range
vallistic 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 delliveries, as explained in paragraph 2, the
subject 1s not discussed in this report,

-6 - WSEG Report No. 23
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SUITMARY OF THE

FILIT..RY ADVANTAGES AND DISADVANTAGES OF THE VARIOUS WEAPONS

AL, e T R T
R R

Manned Lircraft

14, The principal military advantages of manned aircraft
are:

Operational f{lexibility,

Jo

lo

accuracy of delivery,

High payload capacity,

o

d. Established reliability,

&. Reconnakssance capability.

15, The disaﬁvantages are: _
a. Decreasiﬁg penetration capability, .-
L. Increa;ing base wvulnerability,
¢. Long flight time,

8. Increasing system costs.

Bzllistic Missiles

15, All of the strategic ballistic missile systems have
the followlng general military advantages:
13. Very high penetration capability,
b, Potentially low base vulnerability,
c. Short flight time,
4, High growth potential,

17. The disadvantages'are:

‘2. Relatively noor operational flexibility,
‘b, Low delivery accuracy,

~¢. Low payload capacity.

15, Within the family of strategic ballistic missiles,
there are important military advantages and disadvantages

of each:

2., ICBM (locatec within continental U.S,)

(1) Advantages

(a) No dependence on foreign bases,

-7 - WSEG Report No, 23
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(b) Snort logistic support lines, 1

(c) High svstem security. | 2

(2) Disadvantages 3
(2) An attacii upon the system draws fire on 4

the U.S. 5
b. IREM (land-based) 5
(1)} Advantages 7
{a) Will provide earliest sfrategic ballistic S
missile capability, 9
(t) Most favorable CEP/yield combination. 10

(2) Disadvantazes 11
(2) Dependence on foreign bases. ] - 12

¢. F31 (submarine-launched) | 13
(1) Advantages ‘ 14
(a) Lowest susceptibility to pre-vlanned 15
surprise attacl, | 18
() An aﬁtéck upon the systew draws little | i7
fire on the U.S. and none on Allies, 18
(¢) No dependence‘on,foreign bases., _ 15

(2) Disadvantages : 20
(a) Relatively late system availability. 21

serodynamic Missiles

19. Aerodynamic missiles encompass a croad range of penetra- 22

tion capabilities, mobility, and accuracy. The comparison 23
of military advantages and disadvantages of éhe vari@us 24
systems within the family is as follows: : 25
a. Intercontinental Systems X I 26

(1) NAVAHO o 27

(a) Advantages _ o N 28

(1) Excellent penetration capability, ) 2¢

(11) Good payload capacity, . 30

SRS - G - WSEG Report No. 23




(11i) Short flight time,
(iv) ©Not susceptible to ECM.

{b) Disadvantages

(1) High system cost,
(11) Slow reaction time,

(1ii) Lowest reliability,

(2} SHARK

(2) Advantages

(1) Lowest system cost,
(11) Earliest availabilitv,
(111) Good payload capacity.

(b) Disadvantages

(1)  Poorest penetration capability,

(i1} Low growth potential,

(111) Slow reaction time.

b. Medium Range Systems

(1) MATLDOR B

(a) Advantages

(1) Transportable,

(i1) Lowest system cost,
(iii) Hizhest accuracy,

(iv) Good payload capability,

(v) Quicliest reaction time,

(vi) Diversified penetration capability,

(vii} Relatively early availadnility,

(viii) Higzhest system reliability.

(v) Disadvantaces

(1) Low growth potential,
{(ii) Dependence on foreign bvases,

{1ii) ZLong flight time.

(2) TRITON

(a) Advantages

(1) Excellent penetration capabtillity,

- g - WSEG Report No. 23
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(11)  Very high accuracy,
(114) Good payload capacity,
(1v)  High base mobility and concealability,
(v) Growth potentilal,
-{vi) No dependence on foreign bases,
(vii) Short flight time.

(b) Disadvéntgges

(1) Highest system cost,

(i) Slow system reaction time,

{111) Lowest system reliability,

(4v) Relatively late system availability.
(3) REGULUS II

(a) Advantages

(i) High accuracy,

(11) Good payload capacity,

(111) Base mobility and concealability,

(iv) No deﬁendence on foreién bases,
(b) Disadvantages —

(1) Decreasing penetration capability,

{i1) Slow system reaction time,

(1i1) Low system reiiability,

(iv)  High system cost.

RECOMMENDATIONS

20, That a mixed system of ICBM's, IRBM's, manned aircraft

and sercdynamic missiles be devéloped for employment by the

U.S. during the period 1961-1967.

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

guidance systems,

O O ~N N &= w N -

Ho e
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22. That YSEG be authorized to review this revort one year
hence in the light of technologlical and other developments

during the year.

DISCUSSION

23, ‘Me first part of this Discussion will be devoted to a
formulation of the general reguirements that strateglc
deterrence imposes upon weapon systems. In case deterrence
feils, the weapon systems are reguired to nave the abllity
tc attaclr a variety of target .types. The second par:t of the
Discussion accordingly treats targetihg considerations zzainst
the general background of the various delivery systems. Tae
third and concluding part of the Discussion is concerned
with the military advantages of the Variousfsystems in

sltuations of deterrence or general war.,

GENERAL REQUIREMENTS FOR OUR FULL SYSTEM OF WEAPONS

24, In the genérél-strategic situation wnich gives the
terms of reference to this study, our over-zll system of
weapons 1s reguired to have two functlons: The first is to
ceter the enemy from launching war on us, by maintéining a
retaliatory caﬁability in weing. The second function, which.
operates in case deterreqce fai;s and a general war starts,
is to maximize the chance of survival of our ﬁopulaticn andg-
-national strength by striking the enemy's system of weapons
and power and will to figat. The two functions are different -
and impose requirements on the weapon systems that are some-
times the same and sometimes different. To understand the
Learing that this has on our choice of weapons, the general

requirements for strategic deterrence and for strilking the

enemy's weapon System will now be spelled out.

Reocuirements for Strategic Deterrence

25. Tne requirements for strategic deterrence are:

W oo tivi s - 11 - WSEG Rzpert No. 23
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a. Tne ability to inflict damage on targets of prinary
interest to the enemy's rational strength such as his
military, politicel, economic, and industrizl centers
and larger geographical areas.

0. This damage to be sufficiently massive to outweizh
any conceivable advantage that the enemy might expect to
gain by the use of his military power against us.

c. The ability to Strike with sufficient force in‘
spite of an enemy's attacl, delivered with or without
warning, and in the face of active and passivé defensive
measures on hils part. Furthermore, siratezic deterrence
must not contain its own countermeasure by having its
use s0 physically detrimental to us or to our friehds
that we would be the less likely to use.it,

d. The will to use our military power under appropriate
circumstances to be evident to our potentizl enemy; no

reliance to be placed on deceiving him in such regard.

Requirements for General War

. The requirements for general war are:

N

2

a. In case the war Starts 0¥ a surprise attaclt launched

Uy tne enemy, we require tne power of destfoying 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 a system for strilkinz every element
of ﬁhe enemy's military strength, with first priority in
time and importamc zlven to those weapons that are

o

Girected against us first.

Over-all Regulrements

27. 'mere are general requirements for performing both the
above functions. The first is that our over-all system ol
weapons must have the abllity to respond to our political
intentions with minlmum constraint of their mode of use by

pnysical limitations. This is »romoted by:

RS - 12 - WSEG Report llo, 23
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‘a. Flexibility:‘ i sfrategic weapon system has to
exxist, exert 1ts deterrent function, and ultimately
operate in a political environment, wlhich may in the
course of world events call for varying orcders of threat
and graduations of deterrence.

L. Proof Ageinst False Triggering: There should be

nothing in the physical characteristics of a deterrent
weapon system 1tself that couvld lead to its precipitate
use, It should be capavle of deliberate use, without

suffering any important degradation,

28. A further general requirement is the maintenance of
a dynamic advantage over the enemy's weapon systems, never
trusting a momentary superiority bLut having an ever-

developing program to anticipate change with change.

TARGETS, W.RHEADS, AND DELIVERY SYSTENMS

29..ﬁaving discussed the general reguirements for a full
system of weapons, a second preliminary step will be talien in
cstablishing the relative military advantages of missiles
anc¢ other delivery systems;-the warheads which are carried
and the targets against which they are delivered will be
examiﬁed against the uvacliground of the charactefistiCS'of

tne various delivery systems,

Characteristics of Delivery Systems

30. Tahle I lists pertinent characteristics df the weapon
;ystems considered in this study. The.performance figures
for manned airceraft 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. Principzl targets in a zeneral war are listed by

function in Tatle II.

s ] - 13 - WSEG Report No. 23
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TABLE I

CHARACTERISTICS OF VARIOUS WEAPON SYSTEMS
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BALLISTIC MISSILES

T iceM IREN FBY
ATLAS/TITAN JUPITER THOR POLARIS MATADCR: B
. MAXDAM | 5500 1500 . 1500 1500 et 42,000
RANGE (MISSILES) t 19001
RADIUS (A/C) . 550 at 1200
- (n. mi.)
d | .
ALTITUDE . 680 n.mi. 320 p.mi, 300-400 500-40,000
) (ft') . n.mil
'SFEED (Mzch) .23 16 16 .9
PROPULSION ' Liquid Rocket Licuid Rocket = Solid Rocket Turbo jet
GUIDANCE Radio-inertial Radio-ipertial A1l inertial  Inertiuzl-A"RAR
. or or . , '
All inertizl A1l iperticzl
ACCURACY
(cEP)
e/
WARHEAD i
(M) I~

&/ Performance figures for manned aircraft are taken from:
USAF Green Book, Standard Aircraft Characteristies,”
15 March 1957; and USK "Characteristics Summery, U.S.
Navy Aircraft,” end information provided by OPHAV (OP-551).
Missile'date is based on “"Bleck Book" information provided
to the OASD{R&E) by the three Services, daoted January 1957.

b/ USAF eirere
low altitud
ie incorpor

¢/ Redius of t:
2t per cent



TABLE I
' e

- CEARNCTERISTICS OF V:RIQUS WEAPON SYSTEMS

NOR-BALLISTIC MISSILES

B SIHARK NAVAED RECULUS II TRITON B-47 B-52
Y o
000! 5500 5500 500 at M 2.0 1200 Lghg 5520
0 3500 with in- 1000 at M .Gk (2 refuelings) (2 refuel- (2
creese peyload ings) Inc
¥
52,000 80,000-50,000  60,000-TC,000 - 70,000 37,350 45,600 B¢
M
.ok 3.25 G4 - 2.0 2.7 T .78 -
. 2
Turbe jet Rocket-bobsted Turbojet Rocket-boosted Turbojet Turbo jet
Ranmjet Cruise ’ “Ramjet Cruise
AR Stellar- Inertial Inertial Inertial ~ATRAN  -- -
ipnertizl

o

ettt = hod¥ 4

¢ aireraft renges are for high eltitude profile. The
eltitude profile is not given but the significance

incorporated in the body of the report.
ijus of these carrier eircraft can be extended zpproximately

per cent by ome refueling.

d/ Altitude givén for bal

trajectory.

Altitude

craft 1s altitude for
g/ The lower value of way

velue.

The up»rer valy

the time period under



MANIED ATRCARAPT

Fowered
-B-47 B-52 B-58 A3D-2 ALD-3 A3J-1 B-58 POD
Yy o b/ </ </
4shg 5520 2640 Unrefueled  Unrefueled Unrefueled 60 Cless B whd
2 refuelings) (2 refuel~ (2 refuelings) 1050(with 100 " € whd
ings) Incl. 200 p.mi., 1550 k0 300 n.mi. 150 " D whd
' M 1.5 dash " dash at
37,350 45,500 52,000 with 37,200 37,500 51,000 105,000
M 2 Dash .
LTh .78 .93 Cruise .89 .89 .9 Cruise  L.0
2.0 Daskh " 1.3 Dash
Turbo jet Turbojet " Turbojet Turbojet  Turbojet Turbo jet Liquid
: Plus _ plus ‘Rocket
Afterburper ‘ . . - Afterburner
- - - - _— T Inertiel

4/ AMltitude givén for ballistic missiles is apogée for meximun range
trajectory. Altitude for non-bellistic missiles and manned air-
craft is eltitude for high altitude run-in on target.

g/ The lower value of warhead yleld for missiles is the programmed
value. 'The uprer value represents the growth potentiel within
the time period under considerztion.
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Missile Sites

Aircral't Runwvays

Strategic Adrcraft (sheltered and
exposed)

Commanc Centers

Communication Systexms

Ground~to-zir mlssile
' Establishments
Fighter-intercentor
114714 : Tactlcal Establiisiments
; Troops
Haval Units

Submarine Pens

Navzl Bases

Hardened Storage Sites

Logistic (particularly stockpile)

Storage Dumps

0il and Other Military In-
dustry

Transportation

Governmental Control Centers
City Population?

-~

Factories

Political o . Storage Sites

and Economic Industrial Transportation Systems
- Power Systems

Mining Operations

Populationg/

a/ The consideration of the destruétion of cities as well
as of various civilian targets is relevant to the present
Remort notwithstanding certain formulations of general
United States policy. ‘e information is applicable to
our own Wweapon systeéms under variable policies, and to
our potential enemy'!s weapons wiaen used against us, In
the latter connection, 1t may be empnasized that the
wnole Rcport can perform the function of setting forth
wnat we have to fear from an. enemy maliing a rational use
of a system containing ballistic and other missiles.

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

tarzets: small hard, small soft, intermediate soft, and

= W N e

large soft,
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TADLE III

.TARGET GROUPS
o oize
Vulne Small Intermediate Large
avility
Missile Sites
Alrcraf{ Runways
Sheltered Aircraft
Command Centers
Harg Governmental Control
Centers :
Submarine Puns
Hardened Storage Sites
(Stoclpile)
Industrial - | cities Geo-
: graphic
Aircraft on Field j Communication | Area
o Systems
Ground-to-air Missile Naval Shore
Soft Establishments Establish-
ments
ighter-intercepntor Troops
Establihsments
Electronic Ground
Environment

33. The damage produced by a nuclear explosion is the ca;;
posite result of blast, heat, prompt radlation, local radio-
active fallout, and denosition of radio-toxic material
(chiefly Srgo) in the seil of the country Attacked. (It 1is
of course unnecessary to go into the qualitative and quanti-
tative detalls of each of these effects in this place, since
accounts of these are well known. cf, AFSWP Ti 23-200, SECRET
RESTRICTED DATA; also WSEG Staff Study No, 37, TOP SECRET,
RESTRICTED DAT%.)‘ |
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3L, In addition to these localized effects, tiere are

voric-wice results of the radiocactive contaninztion cf large
porcions ol the eartii's zimosnhere and resulsing widespread
fellout, with potentizl damger from ingestion or, possibly,
through genetic influence. 1hile these effects are siight
with wresently contemplated scales of atfacis, they may not:
alvays rezzin so upcn their increaée, and should never Le
lost sight of. loreover, locally, in the border reg ions of

scme of our Allies, such effects wmgy reach danzerous propor-

a

LOA NS | R R S S T A

Co

D

tions. They eone, therefore, into focus under ihe regquirenent i0

‘that a system should not contaln its own couniermezsure. ;nd

11

iT must be emphasized that any agency of strategic retaiiaztion 12

will fell sho“t of meeting this reguirement to e extent
that (_n snlte of its actueal safety) our nationals believe

that it probably constitutes a rezal hazard to ourselves,

35. Blast and earth shocit are the mos: important'weapon
erfects for the destruction of smell targets, both soft and
haré., For intermediate soft targets, blast and local faliout
are the primary effects, with thermal radiation contributing
to a lesser extent. The only significant effect on rural

-

areas is fzllout.

Force Reaquirements of the Delivery Systems for sccomnlishing
Various Missions
E_/!

36. Tactle IV presents *he nuncer of successful weapons
of eacn tjpe Lh¢cn must be delivered to accomplish each of
four prlmary mlssions, chosen to represent the four major
caterories of targets. Tiese missions are:

2. Destruction of a Spebifled fraction of the

nooulation of a city,.

4, For tine purposes of tnis report. a '"successful weapon" is

gefined as: a missile or Jowb whicﬁ has survived all enemy

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

anc I1s subdject only to the random deliver;r errors descrived

Y the CEP. .
5/ See footnote a/ to Table II, page 15.
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TABLE IV

NUMBER OF SUCCESSFUL WEAPONS WHICH MUST
BE DELTVERED 70 ACCONMFLISH VARIOUS MISSIONS

]
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iLE 1V

< BE DELIVERED TO ACCOMPLISH VARIOUS MISSIONS

Destruction of Herd (100 psi)

Point Target

Delivery of 1000 MT
(Fallout Mission)

(Prob. of Destructiom)

a1 .25 .5 .75 .9
12 3% & 160 270V
11 2 N6
2 5 13 25 12
¥ o1 26 -
12 1 11
1 2 5 10 16
1 2 5 10 16
1 1 2 3
1 1 1 1 1
11 1 11
11 1 11
11 r 11
1 2 3 7 1
11 1 34
11 1 2 3

mmmr———

Sec Footnote b/ = = - = = o
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T/BLE IV

a
KUMBER OF SUCCESSFUL WE/APONS WHICE MUST BE DELIV

Destrﬁction.of City . _ estruction of Soft (3 psi)

Population Point Target
xpected Fraction Destroyed) (Prob. of Destruction)

.25 .5 75 .9 _ 1 .25 5 .75 .9

2 4 7 12 1 B! 3 5 9

1 2 3 5 1 1 1 101

1 2 L 6 1 1 1 | 1 2

1 02 5 8 1 1 1 2 3

1 2 3 5 1 1 FR U

1 1 2 3 ) 1 1 "1 1 1

1 1 2 3 1 1 1 . 1 1

1 2 3 .5 1 1 1 1 1

12 -3 5 1 1 11 2

1 1 1 1 1 1 1 11

1 2 3 5 1 1 1 1 1

1 1 1 2 1 1 1 11

1 2 3 5 1 1 1 101

101 1 2 | 1 1 1 1 1

1 1 1 T 1 1 U S |

successful weapon,” see footnote E;ﬂ page 17.

rement in certain places merely emphasizes that
as not built for that purpose and Arplies no

ystem,



Destruction of City

Population
VEAPON . Sfxpgct?gsFrac?;on D?;;royii%
AM/TITAN 1 2 4 7 12
JUPITER 1 12 3 5
THOR ©1 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 12 3
| REGULUS I1 1 1 2 3 s
TRITON 1 12 .-3 5
B-52/47/55 1 1 1 1 1
13D/ALD/ A3 1 1 2 3 P
nomm | 11 11 2
,foﬁe:ed B-58 | : 1 3 1 2 3 5.
mooomoo 1 1 1 1 2
noonow 1 1 1 1 1

a/ For definition of "successful weapon,” see footmote i

b/ The excessive requirement in certain places merely emphs
the weapon system was not built for that purpose and Zm}
derogation ol the system.




2 e T

m

L. Destruction, with a specified probability, of

soft (3 psi) point target.
c. Destruction, with a2 specified probatility, of a
narc (100 psi) point target.
d. Area fallout deliverﬁ.
e vzivnes in Tahle IV are bDased upon the weapon character-
istics (CEP and warhead yield)  stated in teble I and
upon weapon effects data from LRSWP TM-23-200. For area
fzllicut, we have presented the nunber of weapons needed to
delix er 1000 megatons. These numbers are 1o be interpretec
in lizht of Figure 1 (based upon WSEG Researcn Memorancﬁm

No. 3) which shows the numbers of radiation casualties ex-

pected from well directed fallout campaigns.

37. Ve must emphasize that Table IV expresses solely the
mmber of successful weapons which must De delivered in the

tarzet area. It specifically excludes important con-

ct
0

siderations such as system reliabllity, attrition due
enemy action, the time that is required to accomplish the

mission, and the costs of tihe various sytems.

OPER.,TIONAL CONSIDERATIONS: QUICK RESPONSE

36. In order to develon the role .of the various weapons
considered with respect to the national defenée, it is
recessary to examine thelr use as a deterrent and their
employment in war. The requirements for strategic deterrence
have beenjtreated earlier in the Discussion, and the re-
lation of tafgets and warhead effects in the section just
concluded. There remain the most sevére requirements im-~
posed by the need of striling back promptly at the enemy's

militax power with sufficient force,

G/ 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

PALLOUT CAPABILITIES

FOR

DELIVERY SYSTEM WITH CEP —~
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~ FALLOUT  CAPABILITIES AGAINST USSR FOR

" DELIVERY SYSTEM WITH CEP -~
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32. During the‘timé perigd of concern in this study the
enemy will be unlilrely to bring all of his weapons to bear
against us in an initial concerted attaclz., He would be
unliliely to get off 211 his ICBM's in the first wave. Some
portlion, which diminishes with time, will pre;umably remain
uncemmitted. Similarly, with manned airéraft and.aero-
diynahic missiles; he is unliltely fo launch his entire force
in his cpening strile, Sincé_the preservation ol our people
' gnd our national strehgth is of paramount concern, the tasi

after an assumed first attacl: on us is to prevent further

injury._

Bzllistic Missiles

L0, Because of the short time reguired for readying them
following the execution order and their very short time of
fligat, ballistic missiles are eminently suited from a
time standpoint for this initial task. 'But bécauéélof their
'comparatively low warhead yield and rather large CEP,
vallistic missiles cannot be counted upon to do more than
.temporarily neutralize some of the categories of target
shown in the list in the following paragrapa. (Thic con-
cept of neutralization will be set forth here and in
succeedling paragraphs.) The'period-of neutralization can
be sufficiently long in some cases, however, to allow time
for manned vombers or aerodynamic missiles possessing better
accuracy and carr&ing bigﬁer vielcd warieads ©o malie their
fligat and attack:in strength with a high p:obability of
destruction, thereby minimizing the threat vo the U.S, from

follow-up strikes,

41, The principal elements of the enemy's remaining forces
wilen would be involved in carrying out follow-up striles .~
are: Long Range Alr Force command control centers, ICEM

launcaing sites, aireraft staging bases, Long Range Air
g
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Force home bases, governmental control centers, and national
atomic stoc!pile sites. Timely and succeséful attacl
against all of these targets would guarantee the blunting

of every major element of the enemyés remaining striking

v

power.

42, Long Range Air Force command control centers, govern-
mental control centefs, and national atomic stoclpile sites
are smali, hard targets which, to be'damaged, will reéuire
2 ratiner largze nunber of ICIM's, This {5 a resul{ botn of
the hardness gf the tgrget_and of thé CEP of the ICE&.

In the period under consideration the CEP of the ICHM 15
planned to be  'fL and the yield If we make

the reasonable assumption that these'targeté are hardened

so that 100 psi overpressure 1s required for thelr destruc-
tion, tﬁen, as shown in Table V (an extract of Table IV),
for 50 §ef'cent probabiiity of déét:uction'enough ICEM would
need to be assignéa to inéure the deiivery of BO'succcssfui

missiles,

43, An improvement in CEP to the accuracieé planned for
' POLARIS, THOR, and JUPITEZR woﬁld markedly reduce the |
number of_miésiles reqﬁired. From Table V 1t is noted
ﬁhat the numbers of suécessfu; weapons reﬁui?ed'for 50 per
cent damage probability are, respectively,VES, 13, and 2.
Even with their CLP of . POLARIS énd THOR are not:
suited for employment against 1oo_ps1 targets. & reali-
zation of ' CEP for JUPITER would allow serious
consideration of this missile for use against small, ha?d
"tarzets (See, however, footnote 2/, page 2.,fInmparafn-‘
zraphs below, which deal with JUPITER, this matter'wil;:hot

again be mentioned,)

7/ VWiith the exception of suuvmarines and other naval units
wnich are not considered here.
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TABLE V

o . (EXTRACT FROM TABLE IV)

. _ 9/ ‘
NUMBER OF SUCCESSFUL WEAPONS WHICH MUST BE DELIVERED TO ACHIEVE PROBABILITY OF DAMAGE INDICATED -
. SMALL SOFT TARGET SMALL( HARD TARGET
CEP ‘ . (3_pst) . o 100 psi)
YIELD, MT Probability of Destruction (%) Probability of Destruction (%)
00 25 5 75 9 16 25 5 15 9
ICEM (ATLAS, TTITAN) 1 1 -3 5 9 12 3 80 160 270 ,
' IRBM (THOR) : 1 1 1 1 2 2 5 13 25 u2
I IRBM (JUPITER) b ! 1 1.1 1 1 1 2 L 6 !
1 i . ’ . ‘
FBM (POLARIS) 1 1 1 2 3 L 11 26 52 86
a/ For definition of "successful weapon," see footnote h » Dpage 17.
i
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44. The ICEM*S compare moye favorably with the other
systems when their abllity to neutralize the soft elements
of air bases is consldered, Staging bases and Long Range
Alr Forces are vulnerable mainly through theilr aircraft

and througn the effects of radiological contamination on.

personnel,

45.'Disruption of the enemy's staginz bases would mean
that duriﬁg the period wherein they were inoperative he

would be restricted in delivering‘warheads by aircraft to

-
-

the use of hig heavy, long-range bdombing forces, Hedium
bombers, which must stage in order to méhe round trips,
would not be available to'him during this ihterval. He
could, of course, resort to cne-way missions for ﬁediums,
but short of this type of employment the enemy's air threat
to U.S. targets in terms of numbers of airc?art might be

reduced by as much as 50 per cent.
‘-#6.'Attacking'the enemy'!s- Long Range Air Force home bases

would bring under attacli some portion of the enemy'’s heavy

bomber force. Alrcraft on these Lases could be tewporarily

.immobilized, but it should be pointed cut that significant

'Anumbers of them could have been deployed to alternate and

satellite fields and consequently might escape the initial

U.S. ICEBM attack.

47. A blast overpressure will cause quite severe

damage to bombing aircraftf This:overpreséure anplied to
an airfield will insure that any aircraft found on it will

ve unusable ror'afperiod sufficient to allow retaliating

- -

-manned_bombers._to’ arrive and complete fhe:airfield destruc-

tion,

48, This overpressure will also destroy any btallistic
misslles which méy be exposed on their launchihg pads and

may damage the cranes used for positioning them.
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"“r-i'f-‘.

- 49. 4 probability of 50 per cent of a;hieviﬁg the above
type of damage to aircraft bases and unhardened ICEM sites

is attained by assigning ICEM, to such targets so that

taree successful missiles are delivered. In the case of

the IR a single successful missile is sufficient and

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

-

of damage.

50. Ve conclude from the above that it is appropriate to
assign- ECBM to the airfield and ‘unhardened IC3M site targets

and the IREM and FEM to the contrel center uarée»s

Aerodynamic Missiles

51. An appreciation of the.very important'advanfage
mentioned earlier which ballistic missiles possess in time-
liness of delivery over qther delivery means is gained by
a rough comparison of'the times of flight involved. iCBM
. flight time for rangesi;n £ha,néighborhood of-5500_nrﬁi.

. is abouf one-half hour_ﬁhile.IBBM’flight times for.distances

of 1500 n.mi. are about 15 minutes.

| ' Subsonic missiles
(SNARK) and bombing aircraft require even longer periods:
from 6 to 12 ﬁours when launched from U.S. bases. . Airp%anes
of the era of concern flying from alrcraft carriers will
have maximum radii of approximately 1500 nautical miles-
and'would require about 3 haurs of_flight to reach gargaQa

at this distance,
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TAELE VI

FLIGHT TIME IN HOURS
OF SEVERAL DELIVERY MEANS
FROM CERI.LIN BASES

- .

SHARK _‘7 10
NAVAHO .2 3
B-47 3 43 53 9. - 12}
B-52 L - 81 12
B-50% 11 2 il & 93

a/ B-50 assumed to fly.supersohiéally while over enemy
territory. | .

Meutralization

3 This plénned rate of launch, plus short de-:
“livery tihe; gives the ballistic missile a unigue advantage
over all other means of-warhead delivery in sit;ations
where_quick reaction is a primary reqﬁirement. Th;s-ad-

vantage‘is oné ‘which ballistic missiles will maintain in

the face of even marilred advéncés'in the performance of 10
“manned boé;ers aﬁﬁ}aerodynamic missiles. 11
54, In conclusion, during the initial period of the con- 12
flict whéé the requirement is for the.rast delivery, the 13

-~ ballistic missile is the only vehicle which provides that 14
capabiliti, However, the destruction which it can accomplish ~15
is gréatiy 1imited by the large CEP of the early missiles. 15
The major.military_missién of the ballistic mlssile at B 17
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this time must be destruction of soft bases and soft com-
ponents of bases togethner with disrmption at hard installa-
tions. The more complete destriction of hard enemy
installations must be left for more accurate delivery

vehicles.

OPERATIDONAL COHSIDERATIONS: MASSIVE FOLLOVW-UP STRIKE

55. the role of the ballistic missile in disrupting and
retarding the enemy's efforts at ﬁounting follow-up strilies
is 2 vital and indispensable one, but is not in itself
sufficient. There must be a subsequent-attack in strength
Dy vehicles which are capable:through a comvination of
better accuracy and ﬁigher vield warhead of c&usiﬂg com-

plete destruction of those elements of the enemy's striking

pover wnich remain unused,

ccuracy and Payload

55. In paragrap5'43 was pointed out the ﬁumber of success-
ful ballistic missiles required for destruction of small,
hard (100 nsi) targets. Tme numbers of:successful missiles
reguired to achieve 50 per cent probabiiity orf déstruction
of such a targetsare 60 ICI1's, 26 POLARIS's, 13 THOR's,
and 2 JUPITER's,

57. From Table IV of the preceeding section we note that
the aerodynamic missiles SN/ARK and NAVAHO are.able to
achieve this result oy delivering five'successful ﬁlssiles}
while in the case of the aerodynamic MAT.DOR a sinéle
successful missile suffices, Any of the manned bvomber
systems require successful delivery of but a single bomb.
This disparity in the number of warheads required between :

the non-ballistic delivery means and the ballistic missiles

&/ 0f course, these comparisons are only meaningful when. .
targets attacked are within range of the intermediate
range missiles,
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1s seen to be marlked irn the case of small, hard targets,

but is 2lso to be noted in the case of city bopulation

targets.

58. Ve conclude,.therefore, that ballistic missiles 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-
quiredqd, aﬁd that.manned'bombers and certain aerodynamic |

missiles are‘probably well suited to this tasi:,

Q0 2 Oy g ¥}

D

5%. Table IV is valuaule in that itv affords an appreciation 10

‘of the efflciency of the various weapon sys ems exnecteo to

be available 1in the time Derﬂod under consideration. It

does so by taling into acpoant their load-carrying abilities

as well as their estimated delivery accuracies, but it does

not consider certaiﬁ other factors which, tahen with these
two consideratiohs are necessary to tﬁe seleCuion 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 Lvetter
suited to making the attacli in strength which follows the
initial quick ballistic missLle strilke, we must take into
accpunt factors other than accuracy and warhead yleld when
we attemnt to point out the advantages of delivery means

within these classes.

Vulnerability at Target

§1. The manned bombver nossesses the best accuracy and
carries the greatest payload of any of the delivery means
here considered. Its CEP is of the order of

and the yleld of its payload is sufficiently great so

- T

¥ :ﬁr}% 1{‘"‘ "'.
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fhaﬁ it 1s possitle to equate one bomb with one target.

Yet, because of the mény féétors (such as improvement in’
defense, etc.) which act to Gecrease the chance that 2
particular bomber in the inventory will ever deliver 2

tomb on a varget wlthin enemy territory, othef weanon
systems which are markedly inferior in the accuracy of their
delivery and in yleld of thgizégarﬁéads are able to coupete

with manned aircraf?/ﬁgp—employment against certain targets.

The defenses about these 61tieé'.
will be extremely strong and the expectation of su?vival
of a bomber attemtping to penetrate them in order to arrive
atv a bomb release point may reach'a rather low valué. To
insure that a single bomber would survive fo drqp-its.bdmb'
might require an inordinate number of bombers injthé in-.
ventory when compared with' the number of aerodynamic missiles

required to accomplish the same task.

mem et oo- 0 63, Thus, the~aerodynamic:missile‘NAVAHO whicn carries a

smzller yield warhead and waich is capable of less accurate
delivery than a manped bdmber may neveftheless be a more
appropriate weapon fo use azainst targets of this type
because éf its better chances for survival. NAVAHO cruises
at altitudes cdnsiderably hi%her than those of which the
manned aircraft are capabie:;nd alsé cruises at a speed
several times the speed of found. The enemy will be re-
culred to imalre substantial émprovements in those of his
Gefenses designeénta_céﬁéqifhfsubséniq andhtfénédﬂfgr T
vombers in order to upgrade their performance to a point

where they can offer any significant threat to NAVAHO.
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| 65. Due to the trend of }ncreasing effectiﬁeness of the
defense relative to the'ability of the manned bomber to
defend 1tself, it may ve expected that the usefulness of
the manned aircraft in attacking heavily defended targets

1111 decrease during the period of concern in this study.

— -

This follows as 2 result of the
accuracy with whigh‘é manned airdfaft can deliver its war-
head andg the_concbﬁitantly_fewer warhesads reqﬁifed_in com-~

parison with -other systems.

- 66v-In~a tase such as—-thnis-~where the accuracy of dellvery
of the manned bomﬁéf 1s an order of magnitude gréafer than
that of NAVAHO, the‘maﬁnedbaircraftlpqssesseé~aﬁ advantage
which iIs not easily overcome by even & maried decrease'in_

vulnerability.

S57. Vieapon systéms, in the order of decreasingrvulﬁépaﬁility
at the target, are: subsonic vehicle; éupersonic vehicle;
and ballistic missile. Tactics such as flying low, electronic
counterﬁeasures, andg decoys greatly reduce the vulnerabllity
of the subsonic vehlcle, while technological developments,
especially in the surface-to-air missile Systeﬁs, are likely
to malze the aerodynamic vehicleé inereasingly vulnerable.

Ballistic missiles will renain practically invulnerable

until 19%5.

Flexibility

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

with any of the missiles is that it carries a human
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inﬁclli;cncc. nLe rcequircacnt fer hunan opérators résults
in an acrodynainic pcrfornanec penalty to the boaber, but
there arc nevertheless nanifold advantazes o be gained

by their presence in an attack vechicle. Perhaps the nost
valuablc aspcet of the prescnce of hunan operators is that
it allows rcaction to conditions found in tihe target arca.
which arc diffcrent fromn thosc anticirated, Another very
uscful functien that hunan opcrators perforia is recon-
naissance, They bring backlcvaluatcd information concerning
bomb drop locations, target destructien, cncimy defense

dispositions, etc.

Vulnerability at the Basc

66, In order te mcct the requircacnt for survival of

our military strength in the cvent of a surprisc attack,

a nundcr of protective measures cagn be talicn., These ineclude

the devclopment of carly warning kith_quick—launch or fly-
avay capability, aﬁd hardgﬁingor'mobiiity of thc.launching
bascs. As a matter of fact, in the cra when the cnenmy
posscsses a ballistic rnissilc systen comparabic in accuracy
To our own first gencration systen the most offcetive
protection of our land bascs is likely to be obtaincd by

hardcning and-dispcrsal.

70, Ballistic and aerodynamic riissile sitcs becausc of
their ccllular configuration ¢an be more rcadily hardened
and dbuld therefore be lcss'attracfive as targcts than cen-
vcntional air bascs. The very large nunber of ballistic
missiles required to destroy a hardened missile site is
indg;atod in Table V. (See column headed "Destruction of
a Hérdencd Point Target” in the "ATLAS/TITAN" row.) This

nuaber 1s so largc'that it is unlikely the cncrny would
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aftack such sitcs.g/
71. In contrast, the individual convcntional air basecs

represent such concentrations of military force that it

is almost inpossible to protect thém adegquately so that

they becomic unattractive targets. Even with the success

of the alert force conccﬁt no rorec than | of the

force could get into the air priér to the arrival of

ballistic missl2es and no nore than

additional could take off grior to the arrival of manned

bonbers cven- if they werce hardencd,

- 72. The sea-launch systcms utilize to a large extent
mobility and/or concealiient for their protection: Con-

cealnment, in the casc of subnarinc-launch systcms, nakes

_ them probably the.most nearly invulnerable.launching "bascs'

"ol any of our delivery systems.

COST _
_73. While it is.truc that thc choice of a weapeon systom

for attack of & particular target must in nany cases be
nade primarily without regard to economic consideratisns,
there arce ncvc;thc;ess nany situations, all othgr things
being cquél, in which the choicc is more appropriatély madc

on these grounds,

74, A choice bascd en cconomle factors depcnds 1n-turﬁ

upon a determinatior of forcce rcqﬁiremcnts to wilch cost

‘estimates may be attached. ‘The factors which cnter into

a deternination ef force requirements include:
a. Availlability (or "jn-cosmission")- rates of air-

craft and missiles. |
b. Probabllity of surviving thc initial cneny atfack.

§/ We must caution that currcent plans de not call for
hardcning of early ATLAS sites., However, this decislon
may yct be changed., It 1s planned to harden all TITAN

sites,
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. Abort rates,

<

d, Attrition rates duc to cnemy action,

75. In the case¢ of manned benbers vherc our accunulation
of cxperience is greatest there is felt to be a wide
range of possible values for each of these factors. Vie
have even less expericnce with azerodynanice missilés and
cxperience is practically nil for ﬁallistic missiles.,
This circumstance of uncertainty in the computation of
forcc requirencnts dictates a cautious approach to con-
parisons among nissilec systems which arc made on an econozic
basis. We shall make a few such comparison, but¢ must warn
the reader against drawing any but theAbroadest_infercnccs

from then.

10/

76, In Figufev2 is shown a curve of "deliverability"
as a functien of the annual total system cest for the B-52
weapon_sySteﬁ thn the target is a.émall,‘hard target which
rust be destroyed with a 50 per cent probability. The
cross-hatched area is bounded tep and botten by lines re-
presenting the costs of the NAVAHO weabon 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 sbme,ckperiencc has bceh
gained in the missiles! usc,'the deliverability of the B-52
would nced eonly have a value of 0.17 in opdcr to yield
the samc annual systems cost. If B-52 deliverability is
grcater than 0.17, cests will be less than for NAVAHO for
this target and a choice made in this casc on ccononic
grounds would be in favor of the B-52. If it fell below

0.17 while NAVAHO remaincd at 0.5 deliverability, the choice

n

wWoOow N o e oW

10
11
12
13

2l
22

23 -

24

25
26

27
28

29

10/ By deliverabiliTy Is meant the chancc that a single bomber

or nissile in the inventory will deliver a warhecad on the

target, 1Its value, of course, depends upon the assunptiens

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

to make up foree reoguircnents.
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FIGURE 2

ANNUAL TOTAL SYSTEM COSTS FOR DESTROYING
WITB 50% PROBABILITY A SMALL, HARD
' (100 PSI) TARGET
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vould be in favor of NAVAHO,

78. Of course, as NAVAHO deliverability dccreases, B-52
deliverabillty has to beccome increasingly poorer in order
for it to be displaccd by NAVAHO., What the actual valuc
af'B-52 deliverability nay be is of coursc very difficult
to predict, but against a-sneall hard farget it would
appear that the B-52 may retain an advantage over the

NAVAHO, .

78. Figure 3 is similar to Figure 2 but apilics to the

o N O Vo N

9

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

target. In thié case.'thhe NAVAHO probably would have a
decided advantage over the B-52 from an cconomic views’

point.

80. The B-52 might also be displaced by ATLAS in the
case of this type of target because the cxpected strong
defense of population CGnﬁch would result in a minirum

value for B-52 deliverability.

81, These cxamples are offered as 1llustrations of how,
wiren neore complete information becomes available, it may

become possiblc to make dccisions on econonmic grounds,
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FIGURE

ANNUAL TOTAL SYSTEM COSTS FOR EXPECTED DESTRUCTION OF 50% OF
_ POPULATICN IN A CITY TARGET
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ONE  YEAR TOTAL SYSTEM GOSTS — MILLIONS OF DOLLARS
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