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BACKGROUND

This RAND study of the effectiveness of our strike force under
atomic attack was begun in the summer of 1951 to answer
questions posed by the Air Staff.

The first' phase, accelerated in 1952 at the request of Gen-
eral Vandenberg, was completed in 1953, summarized in
Report R-244-S, Special Staff Report: The Selection of Strategic
Air_Bases, briefed extensively throughout the Air Staff and at
various USAF commands, and documented in detail in RAND
Report R-266, Selection and Use of Strategic Air Bases. This
first phase was limited to a consideration of our strategic force
in the 1950°s, before the advent of the serious enemy-strategic-
missile threat. While it dealt with the protection of our strategic
force in the continental United States against an atomic attack,
the study stressed solutions to the problem of reducing vulnera-
bility overseas because this was then the most critical soft spot.

The work summarized in this report was focused on problems
confronting the Director of Plans, HQUSAF, and includes an
analysis of methods of meeting the missile threat in the 1960's
and a more detailed treatment of the protection of our strategic
force in the continental United States. The component studies
in support of this summary will be published in research memo-
randa, cited in footnotes on the following pages.
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PROTECTING U.S. POWER TO STRIKE BACK
IN THE 1950'S AND 1960°’S

l. INTRODUCTION AND SUMMARY

RAND has just completed another phase of its continuing study of the
essential characteristics of U.S. airpower required to deter general war in
the 1950's<and 1960’s. It has been widely recognized that deterrence of
general war requtres an mvu!nerablc power to retaliate. However, RANDS

studyyshows that in fact there

¢ analysis of a large number of possible alternative enemy attacks
demonstrates that assume encmy capabilities to be Tower than
_ourselves a greater capability in defense and readiness for retaliation

than 1s suggested by tests, sensibly planned surprise attacks could prevent
us from mounting a sizable retaliatory strike.

VULNERABILITY OF OUR LAND-BASED AND SEA-BASED
STRIKE FORCES

Recent and expected developments in Soviet air weapons systems will
more than counterbalance defense measures that the United States now
plans to introduce. The Soviets have recently tested high-yield weapons
of megaton yield and have begun series production of high-perform-
ance long-range bombers. These advanced weapon and delivery vehicle
combinations are now being introduced into the Soviet Long Range Air
Force (LRAF), and it is estimated that the Soviets will have an inter-
continental ballistic missile capability by 1960-1961. . RAND's stzdy thow's
Jhat the programmed Strategic Air Command force in the United States

nd_our land-_and sea-based forces overseas with radius enough to hit

1
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Russia could be destroyed by the new Soviet manned-bomber s
e inrercontmental ballistic missiles, or by both_used_in_a joint attack.

Tn brief, major U.S. vulnerabilities can be described as follows: (1) Our
strike force presents soft, relatively few, relatively undefended targets.
This would permit a lethal attack that would be hard to recognize in
ime even with an improved sensing and SAC reaction system. But, in
fact, (2) even our continental United States (ConUS) warning system has
large_holes, and (3) the response of our strike force to warning is t0o
slow, even to permi ion, Finally, (4) our ability to recover and
to strike with evacuated elements is limited, untried, and can be denied
us by a follow-up raid.

To remedy this critical situation we need measures that will fill all
the holes outlined above. The program RAND recommends, which con-
cerns SAC in particular, is therefore a combination of measures that
would (1) increase the size of raid the enemy must launch to hurt our
aircraft and aircrews caught on base, and thus increase the probability of
giving warning; (2) increase the amount and reliability of warning;
(3) increase the speed and certainty of SAC's responses to warning. These
last two measures together would reduce the size of raid that the enemy
could slip through our sensing system and still catch our aircraft and air-
crews on base; they would lower the critical warning threshold; and (4)
they would make certain that even if an initial surprise raid caused delay,
neither it nor any follow-up raid could prevent our surviving force\from
launching a massive counterattack on Russia.

There are plans to do something in most of these categories, but not
enough in any of them. With the improvements now planned, our strike
force would be vulnerable to manned-bomber raids, and, when inter-
continental ballistic missiles are available to th¢ Russians, we would be
vulnerable to this threat, too.

CONCLUSIONS AND RECOMMENDATIONS IN BRIEF

In brief, the study concludes that:

First,_national defense programs do not now give adequate considega-

tion to the problem of protecting the strategic force as distinct from the

2

problem of force size. As planned, our force will have many major
vulnerabilities.

Second, no simple device—such as merely multiplying the number of
bombers or the number of bases or the quantity of active defenses in our
fo.rce—wﬂl remedy this situation without infeasibly large expenditures.
Given the complexity of the problem, it is_not surprising that simple
solutions do not work.

- Third,_the only economical solution is a many-faceted program involv-
ing changes not only in SAC but also_in the Continental Air Defense
@ﬁm_rm;wmmmmmes. These meas-
ures fall into groups that are interdependent. Each group, taken separately,
is necessary but insufficient. While no substitute exists for some of the
individual measures, not every detailed recommendation is irreplaceable.
Thecprogram does not stand or fall on the acceptance of every detail.

The \most important of the recommended measures include improve-
ments in:

® The warning available to SAC—in particular, by extending the
continental early warning radar boundary to the south and
locating SAC well inside it. The present base program leaves
many SAC units substantially unwarned.

® SAC response—Dby increasing alertness for evacuation of flyable
aircraft, with as many as possible combat ready, and By changes
in the decision process for alerting and evacuating SAC.

® SAC’s ability to recover after an enemy attack—by preparing
alternate airfields for use in striking back after enemy. attack
and by increasing and extending SAC's communications and con-
trol capacity (and therefore its ability to coordinate the use of
such recovery and staging bases).

® The ability of SAC to use its bombers in the face of a ballistic-
»‘mn!e attack—by a program to provide warning and shelter for
aircraft and critical personnel. RAND finds that shelter exploits
the essential inaccuracy of missiles. Alternative suggestions for

defending SAC against the ICBM rely on unrealistic estimates
of the amount of warning likely to be available and of the
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proportion of SAC bombers that can be launched on strike in the
minutes of warning that can be counted on.

: Fourth, the costs of such a program would amount to approximately
5 per cent of the presently planned expenditures: for SAC .and SA'C de-
fense. The RAND study did not attempt to establish the .optlmum size of
the SAC budget or the SAC force; therefore it has nothing to contribute
toward deciding whether we need more, less, or the planned ru.lmber of
B-52's. It tudy of how best to spend whatever budget is chosen.
to spend about 5 per cent to ensure the survival of a significant part of
the force after enemy attack.

Finally, the most urgent requirement is not that the ‘whole‘progr‘am
outlined be decided on, but that the long-lead-time items mvolvmg
research and development, testing, construction of prototypes, diplomatic
negotiation, etc., be started without delay. This entails commitments that
are small in relation to the additional sums of money for SAC 'that have
been the subject of recent discussion, and in particular in relation to the
total sums of money already planned for SAC. The sum that should be
committed now amounts to less than $60 million.

Il. DETERRENCE

DETERRENCE AND THE INITIAL BLOW

The principal way to make a major aggression unattractive to the
enemy is to assure him Ehat it will be answered by the devastating power
of our retaliatory force. However, Soviet development of a massive
thermonuclear delivery capability raises the uncomfortable prospect that
if the enemy sttikes first, he may also strike second. Gan-we mount a
substantial.retalfatory blow after-a surprise thermonuclear-attack? If not,
have we a deterrent?

WHAT1S A DETERRENT CAPABILITY?
eSrsm——

The belief is widely held that a strategic air force superior to the
enemy’s in quality, if not numerically, provides a deterrent capability. The
standard U.S. reaction to any Soviet display of a new offensive vehicle
is a crash program to develop a similar vehicle or to increase quantity
production of an existing similar vehicle. This is understandable. We
know so little about the real offensive and defensive capability of the
enemy that we must have a large strategic force composed of the best
vehicles we can produce. In any case, RAND has not made a study to deter-
mine the best force size. But it is sometimes supposed that merely increas-
ing the size of an unprotected force provides deterrence; or that deterrence
results from a numerical or qualitative superiority of our preattack offen-

_sive capability. This is wrong. \
In fact, RAND has examined the capabilities of SAC forces that would

atom bomb dropped from even an obsolete bomber could destroy a great
many modern jet aircraft.

The criterion of matching the Russians plane for plane, or exceeding
them, is, in the strict sense, irrelevant to the problem of_deterren;e. It
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may even be, as has been asserted, unnecessary to achieve such parity so
long as we make it crystal clear to the enemy that we can strike back after
an attack. But then we do have to make it clear. Deterrence is hardly
attained by simply creating some uncertainty in the enemy’s attack plans,
that is, by making it somewhat of a gamble. The question is, how much
of a gamble? and what are his alternatives? On the basis of past experi-
ence, we would be taking a very large gamble if we assumed that under
no circumstances would the enemy take risks.® If this were so, the matter
would be easy and, for us, substantially costless. There are always a few
uncertainties in war. But, "We must be sure,” to quote Secretary of the
Air Force Quarles, "that our deterrent capability is of such strength and
flexibility that, even if it suffers a sudden atomic attack, it can still react

with devastating power.”"!
Sfed
ETERRENCE REQUIRES PROTECTED AIRPOWER

Tc.’dg;;Lthg_Smiﬂs,_ﬂ:ﬂLis_nn_iuMe for a protected SAC. It is

sometimes argued that "pre-emptive” action is an appropriate counter to
the growing Soviet of fensive capability and to SAC’s increasing vulnerabil-
ity. This argument ignores the realities of the decision-making process
intrinsic to our form of government. Momentous decisions require time,
broad consultation, and discussions in the top military and political ‘eche-

*We have underestimated the willingness of our enemies to assume risks, in, the past
when we knew much more of their plans than we do of Russian plans taday. For example,
on November 26, 1941, at an Army Staff Conference considering the possibility that the
Japanese would “soon cut loose,” it was stated that the participants innthis meeting "did not
see this as a probability because the hazards would be too great fopthe Japanese. ... We know
a great deal that the Japanese are not aware we know, and we are‘familiar with their plans
to a certain extent.” It was emphasized that Japan could hardly take the risk of military opera-
tions with a powerful air and submarine force directly on the flank of their supply lines.
On the other hand, beginning with April of this same year, the Japanese had been considering
such matters as whether the chances for success(of, a Pearl Harbor attack were 60-to-40 or
40-to-60, and though the predominant opinion was’on the short side, decided to go ahead.
For an account of this, sce a forthcoming RAND unclassified publication by R. M. Wohlstetter,
Signals and Decision at Pearl Harbor (to be published).

tTo have such a deterrent capability has been the stable intent of U.S. military policy for
a good many years. See, for example, Survival in the Air Age, a report by the President’s Air

Policy Commission, January 1, 1948, pp. 20-23.
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lons. The concomitant risks of security compromise and loss of surpri
and th'us loss of initiative, are obvious. But preventive war, no lessptr}':se.
a retaliatory power, would require a protected SAC—the fo,rmer to d tan
the enemy from striking while we made ready. il

Even if we could rely on blunting the enemy’s counterattack, whe
had the first stgike, this would be n i i i 'we
first—unless we were believed inyulnerable to his strike. With a lar :
but unprotected SAC, the opposite would be true. He could win if afd
only if he struck first. It would become imperative for him to try. W
would invite his attack. o

Public discussion of “the balance of terror” often suggests that mutual
({cterrence of an all-out war is a simple, logical consequence of the posses-
sion by both sides of the hydrogen bomb. Debate therefore centi‘:s on
su.'xch,quaﬂfms as to whether this balance will deter small wars as well as
bigenes. But to deter a big war, we must prepare realistically and without
selfdeception—and a¢ some cost—to meet the increasing threat of
annihilation of our bomb stockpile or of our power to deliver it.

Both the enemy’s strategic force and ours can be effectively protected.

F.or this reason we cannot be sure of killing his force even if we strike
first. But the possibility o

™
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lll. OUR STRIKE FORCES UNDER ATTACK

It is worth dealing carefully, and at some length even in this summary
report, with the situation of our planned strike forces under thermo-
nuclear attack. We have, in this study, taken pains to attribute to the
enemy at most only those powers granted to him by intelligence esti-
mates, and, in general, considerably fewer. This, in spite of the fact that
intelligence estimates  have, in the past, been found to understate the
Russian rate of ‘progress in the development of nuclear weapons and in
the development of a weapon-delivery capability.

But precisely because this matter affects the root problem of national
defense~sthe deterrence of general war—it is difficult to avoid a certain
amount of wishfulness and lack of realism in its treatment. In fact, some
of the war games—even those played at the highest levels—have been
misleading in regard to the survival and response of our strike forces: In
these games the Russian attack in general devastates the United States,
but still does not prevent us from launching a devastating counterattack.
Such outcomes have, therefore, been taken as reassuring confirmation
that oxr plans will provide a deterrent. However, considered as devices
for evaluating the performance of our strike forces under enemy attack,
these games have been unrealistic—not so much with respect to their
estimates of enemy capability as with respect to enemy strategy and the
speed and certainty of our own response. In particular, they have been
unrealistic in their assumptions on warning. These conditions, for the most
part, have not been “gamed"—that is, left open to be determined by
enemy tactics designed to reduce warning so far as the enemy is reasonably
able. Rather, they have been fixed by assumption. Too frequently, such
games have been constructed to exercise our defenses, rather than to avoid
them by overflying, underflying, or simply going around them. Under
certain circumstances, actual exercises using such attacks on our strong
points might be a reasonable way to provide training for these parts of our

9
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defenses. However, this should hardly be taken as a reasonable objective
for the enemy. Therefore, games based on such tactics must be evaluated
with extreme caution. They do not yield any measure of our capability
for retaliation against a sensible, uncooperative enemy.

On the other hand, a considerable number of studies* in the past few
years that have looked specifically at the problem of SAC vulnerability
have concluded that a feasible attack on SAC would be devastating in
effect. Moreover, some of these studies used enemy force levels that later
intelligence revised upward.’

It is natural to be wary of alarmism here. Such alarmism might be the
result of failure to consider all of our forces available for retaliation; or it
might be simply the result of more caution than we can afford. Exag-
gerated estimates of Russian force size, for example, might be used di-
rectly to suggest emulation. But we have already made clear that deter-
mining who has the best or second best Air Force in being in advance of
attack by simply matching numbers or quality is not to the point. Those
who assert that we may have fewer and perhaps inferior planes than the
enemy and still have a deterrent force must also recognize that we may
have more and even better vehicles and yet have inadequate deterrence.

RAND has estimated the vulnerability of our strike force conserva:

tively by

1. Using reasonable-to-low estimates of Russian ca;abilities and by
xamining many attacks in great detail in order to\take into

%‘—l
account operational difficulties.

*See Special Staff Report: The Selection of Strategic Air Bases, The ranp Corporation,
Report R-244-S, March 1, 1953 . A. J. Wohlstetter, F. S. Hoffman, R. J. Lutz,
and H. S. Rowen, Selection and Use of Strategic Air Bases, The RanDp Corporation, Report
R-266, April 2, 1954 . Headquarters ADC, Cos# and Effectiveness of the Defense
of the United States against Air Attack, 1952-1957, February 16, 1953 (Top Secret); Hans
Heymann, Jr,, J- C. DeHaven, and R. C. Raymond, The Soviet Intercontinental Mission
through 1957: A Summary Reporl, The RAND Corporation, R-281, August 1, 1954 C(3) ;
Headquarters USAF Operations Analysis Report No. 25, Capability of the North American
Air Surveillance Net To Provide Warning of a Sneak Attack upon 5AC, December 1, 1954
(Top Secret); Headquarters USAF Ad Hoc Committee Report of the Air Staff Analysis of
The rAnD Corporation study on The Selection of Strategic Air Bases, September 1, 1953

(Top Secret).
tSee, for example, RAND Report R-266, cited above.
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2. Considering the total U.S, retaliatory force.

3. Using, on the whole, deli imisti
) O , deliberately optimistic esti
capabilities for offense and defense. P mages vl

% ; s
si’;smmm g a willin gness on the part of the United States to accept
me reasonable risks even in this most basic defense capabilitl;

thi’sl'hz lastt point is illustrated by the fact that the program proposed in
report 1S 2 minimum one havin i i
g a time schedule that, if hi
moves toward safety at too moderat ool o
owa e a pace. More urgent schedul
accomplishing this critical i y i
goal could easily be argued. An
g t al g . Any further del
would be difficult to justify. The first point, about the treatment Z}E

m a ahll I all(l Oble In carr ]

THE ATTACKS STUDIED

hazI; :;;J:d\?;epim :hat any assessment of enemy capabilities is extremely
i veh;dés . ;e zcertam as to the performance of his weapons and
i w}” s ;:; egzr\:zljzrur;ure ab?ut the exact calendar date
comes of a great many attacks we’re l‘;orl:z:inzm::ll:s lam:: o
included electronics and aeronautical engineers = — team' ?hat
and Air Force officers having field egxperier;::eitso;zl;%l:ts, Ph}'s“_:’Sts'
: : r o

E:ttll;d t(r)nari a;xe;c:se; examined enemy forces ranging in g:;atflf;:;
i r)lzts ;:11 reds: of‘ bombers, many routes and altitudes of
T navtgatlon I.nethods, and winds along these routes.
S jnet orces available in 1956, 1957, 1961, and later were
SAC,Onslmg smﬁle and many-wave attacks. These attacks were leveled at

at all of our strike forces (SAC and our land- and sea-based

forces over: e of retaliating against Russi

fo::;;si CONAPl and U.S. cities segaratelz and in combination, )

B :‘::;1:];;151 e ma elxercises is tha d man

s able to the Russians to disrupt and kill our planned strike forces
igned attacks can destroy our airc e distribu:

tion system ai nd ound
Y. S, alr a gr Crews, communications, forward bases
ettt
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aircraft carriers, stockpiles of bomb assemblies, sEecial-sewicc Eersonnel,
and bomb loaders. Each of these essential elements is vulnerable to devas-

tating attack, and the Erobabil ity is quite high that a critically large part of

“The Torce would be destroyed. Moreover, it can be shown that by planning
attacks that use follow-up waves, the enemy would not only have a high
expectation of accomplishing the destruction of our strike force, he would
also reduce the risks of bad luck to quite manageable proportions. Such
follow-up waves could be used as a form of insurance.

The focus of this study has been on devices to reduce sharply this critical
vulnerability. For_this_reason, we shall_first present.results of the 1960
and 1961 attacks to indicate the-inadequactes of present plans. This,
however, does not mean that we have an invu
ave some evidence to presenton the vulnerability of our strike force in

1956: Since no decisive changes can be effected.in 1956, and, moreover,

since plans for later years might very well need alteration, even if the

situation today were excellent, that discussion will be, in a sense, an
excursus. However, it is useful in that-it-indicates the urgency of changing

our plans for later years.
A number of improvements are planned by the Air Force between now

and 1961—

e Most of the SAC bases will have additional active defenses: In
particular, there are plans for some three dozen Talos dgtach-

ments, deployed one to a base.
e The number of SAC bases in_the Zone of Interior will be in-

creased from the 29 of today to 55% in 1902.
T

This dispersal will help to accelerate aircraft evacuation, and both it
and the added active defenses will tend to force-the enemy to larger raid
sizes, thus increasing the chances of detection and warning. However,
because these active defenses have altitude limitations and are jammable,
and many of the planned 55 bases lie outside or nearly outside the planne
warning system, the significance of these improvements is limited—
SN 4~

+The number of bases programmed at the date of writing.

12

® Throughout these years, the Distant Early Warning SDEW)
line wxll' be improved, both on land and over water. More OFF-
shore Airborne Early Warning (AEW) radars and picket ships

and more gap-filler radars, both along th
’ e U.S. bord :
northeast heartland, will be added. g order and in the

ngut& 1 shows the dispersed 55-base SAC and the radar networks
projected for 19‘61. These improvements will make some attack routes
much less attractive to the Soviets than they now are—

@ SAC will have.bombs on base. This will ease, but will not elimi-
nate, ctl)ne bottleneck in achieving a quick response. It will also
provide some degree of needed dispersal for one critical element

® SAC will have a higher crew-to-aircraft ratio by this time, and
plansto maintain one-third of the force on combat alert wit,h a;;l
e-xtra crews. However, without significant improvements in the
size and proficiency of the maintenance forces, the increaseg

Fig. 1—Proj i
ig. 1 f‘rmeci_ed 1961 distant and continental early warning lines
(high altitude) and straightforward Soviet attack routes

13
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flying-hour load may preclude keeping one-third of the aircraft
in combat-ready condition; and there are at present no approved
plans to take some of the steps that will increase the number,
experience, and skill level of critical SAC maintenance personnel.

re 1 shows, in addition to the radar networks, the routes of a
tack. This was one of many such attacks

y turboprop bombers) and Bisons (heavy
turbojets), carrying 1-megaton bombs, are detected at the DEW line. The
force follows direct routes, similar to those used in routine SAC-CONAD
exercises, and penetrates the continental warning line at low altitude.
Winds along these routes, and the ranges of these aircraft, should permit
the interval between the arriv

penetration points to be under ¥ hour.
In Fig. 2, the solid bars show the penetration times to SAC bases. The

average time from the first crossing of the DEW line until arrival at the

Figu
fairly straightfor“{ard Soviet at
studied. Some 500 Bears (heav

Percentage of bases

45 50 55

05 19 15 20 2547 0 35 4D
Time from first crossing to bomber arrival (hrs)

Fig. 2—Estimated penetration time to SAC bases after crossing
early warning lines—programmed warning systems
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als of most of the enemy bombers at the.

60

bomb-release line is over 4 hours Despi
; pite the alertin
:f;i;asle hEiLlllrs bei)ore. .penetrationf_ ‘and the assumptiongo(;f;l eod:fel.m?s
. probability, about 120 enemy aircrafi g
s it att reach the bomb-
The results of this postulated 1961
o Lo attack are shown in Fig. 3. Th;
! r‘lgd = d;:t:tc::;,'g:,m:h")f the SAC force and its critical elemegnt:-q’?:;:
e bombers_ﬁsuwiv’ :r;]tai personnel, and bomb assemblies not loaded
e DEWEI- e attack. Other strikes, which are assumed to be
o Rl ine but pe.netrate our continental radars at high
wi ¢'aid of electronic countermeasures and decoys duce

similar results: they have roughly equal expectations of bombing e

our bases

and the.d:
nd the.damage suffered by SAC depends on how much of SAC is th

: ere
- warning received and the
g F igure 4 shows an optimistic
pability, assuming that there is

at Fhe 'tllrr;e. 'l'?lis in turn is a function of the wa
spf:\ed with which SAC can react to warnin
estimate of the current SAC response ca

80 |

Percentage of element surviving

and Fuel and fuel :
e e
ig. 3—-Vf1lnerubilily of SAC to an attack by 500 Bears and Bison
with 1-MT bombs (attack detected at DEW line) :

15
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sponse is optimistic, especially in its esti-
for decision.) It reveals that most of‘ the
ready—which means, among other things,
em working—for many hours alter
hange in this response, the damage

no strategic warning. (This re
mate of the time requirements

bombers woul :
full crew assembled and bombing syst

evidence of an attac]_c; TF there is no ¢
shown in Fig. 3 results.

100 -
Receipt
of SAC
0k decision
é r Total flyable aircraft
g
s
0T ‘Lircraft with bombs on board
gl Combat ready aircraft
B |
| 1 {
! : 2 3

1
: Hours after ADC critical number is exceeded

Fig. A—Current SAC response—no alert

listic, assumption about
i able, and as we shall see unrea tic,
e e only. 12 per cent of the aircraft get off cornb;:t
i ‘most ircraft take
in total survive, and most of these air
dy. About 80 per cent in to : o
“'; Y ith bombs lrfaded. Since this attack is detected at tl'fc DEW lfne, o
b 3 t wave through evacuation, either by al{, or -
i ers an

face transport. (The lowest portion of the first b?r‘ represents bo;r:1 e
tankers in the air at the time of attack or surviving on the frht att.aCk.)
ercentage in the air is small in this case because this wa’j‘a n Wg!h i)

’ This is the result assuming our current response capability.

warning and active defense,

personnel survive this firs
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be the outcome if SAC were on a continuing higher state of alert or if
strategic warning were received in time for such an alert to be established ?
There are plans for maintaining a fraction of our bombers and tankers in
constant combat-ready condition. How much of the force can be main-
tained in this condition, and how rapidly this fraction can respond, is
uncertain, given our critical personnel and maintenance limitations. In-
creasing the crews-to-bomber ratio will help, but this will increase the
flying-hour load and further strain maintenance resources, as will possible
personnel cuts and the introduction of new bombers into the force. The
‘maximum hoped £6r is the maintenance of one-third of the force on
alert. If we achiever this 47d receive warning from the DEW line, then
slightly more'than one-third of the force will get off combat ready, while
one-halffof the force will evacuate with bombs but will not be ready for
combat.

In short, the outcome of the attack shown is clouded. In both the vari-
ants “described—DEW-line detection with no SAC alert response, and
DEW-line detection with a maximum SAC combat-alert response—most
of the aircraft survive the attack, or at least survive this first phase. But
the majority of the aircraft are not ready for combat. Before they can be
launched, formidable difficulties must be overcome. Vital elements—
crews, aircraft, weapons—are dispersed and must be reassembled. All
aircraft need fuel and some need ground crews and parts for maintenance
and a place where maintenance can be done. Many, even of the combat-
ready bombers, need to rendezvous with tankers or land at en route bases
or both. Meanwhile, this first enemy wave may be followed by a clean-up
attack on alternate or emergency dispersal fields, or tanker bases, and on
en route staging bases for the bombers.

But just to survive even this first enemy wave in such quantity r uires

warning matched to our evacuation spe o_get aircraft ready for com-
bat and 7hen to take off before enemy bombers arrive requires

warning, Warning, en, s crucial and it is important to examine critically

the amounts of warning assumed in this strike and the means by which it
was obtained. Two sources o warning are discussed here: one, indications
EE——

intelligence or strategic warning; the other, distant early radar warning.
How much can we rely on warning from each of these sources?
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STRATEGIC WARNING
The danger of counting on strategic warning has been widely acknowl-
edged. In spite of this, some of our plans depend on it for their success.
emphasize their 0 Tcators are ambiguous. Until an aggressor
committed his forces to the attack, or has initiated some

has irretrievably
irrevocable attack warranting war as a responsc, the decision to make

war can be reversed. Preparations can be abandoned, forces can be re-
called. Therefore any prediction-of an attack must of necessity be phrased
in.terms.of probabilities. If we are to be realistic and accurate before the
event, the most positive answer we can ever expect to the question, "Are
the Soviets going to attack us?” is, “‘Perhaps.” And the answers to the
other important but vexing questions, “When?" and "Where?" will be

even more uncertain.

Despite this fundamental ambiguity of indications intelligence, we

ment that by some means we could have a near-

L::i[h%l;esnon, lblfawever, is notl only how early we will have these sipnals
ir unambiguous they ’Wﬂl be. We can state, unequivocally thatg the
: equivocal. They might tell us a great deal, such as ;& therm 4
;?;yer::;;}:a::k“by the LRAF is probably imminent.” On the other hangl
ell us very little, such as “"Somethin is ’

y mi ittle, g unusual is ha ing.”
This might mean there is an attack brewing. Or it might just rii;ae:lrtlft
a

P
Ihe SOHE".‘S are pfe a[l“g fO[ dCfEIISe al‘ld COUllfelathL n case the Ul’l!ted

_ The ambiguity of strategic warning complicates the proble i
fﬁr{:.d\‘(/’hat actions.are feasibWMﬂfiﬁ:-
: fl falsefzr}i;r; t;l-l ;i;g‘::ﬁ c:j qu;ivocacl!it}' anid on the probable frcquencz

. 3 epend on the gravity of the actio
might take, that is, on the cost of these actions to us. The decisi s send
%;:) r?;m\l;;r: ;:Ir; s:ﬂce, or to Iat_mch our missiles, is the dccisio(r):nt?:;r;i
N o h. s many Sh‘ldllcs of the problem of air defense of the

ates have shown, this is very likely to involve enormous costs in

I,

Source: http://www.albertwohlstetter.com

sometimes hear the argu
ing, now or in the future. Among

perfect ability to obtain strategic warn
other things, this argument ignores a problem fundamental to indications
provided by a hostile opponent: namely, that the enemy can alter the relasg

tive clarity with which signals of his attack might stand out against the
background of confusion and “noise’” that is always present whetheror
ot such an attack is brewing. The strength of the signals could.always be

reduced or possibly eliminated entirely by Soviet measures increasing inter-
nal security. The normal bac

terms of U.S. lives. We .
should be plain = = fmstakernmc__mw

ere i
fore—that we cannot plan on receiving strate ic

warning unequivocal enou ision i
ision_in advance o

enemy attack.

How ;
s S::;’;Itf Dlia‘ess frrla?ri: reacnons'—for example, alert preparations ?
ik ek bd ;rt, or adding to forces already on alert, is not
i o an-d cxwr):,d. oth air and ground crews are painfully limited
il ‘We e mgfa combat alert can sacrifice training and future
e dethaok el s ,wo ;ourse', take adv'antagc of whatever warning
o System.of e e shall discuss precisely this: the use of warning
B oo b o e esponses as a r‘neans.of matching the seriousness of
important to recogniz gt:e Of unequivocality of warning. However, it is
Harbor and befori th: f lalt t?er.e is a problem of choice here. Before Pearl
B rote s a (:: Smgf‘-pOre t_here were many “indicators,” but
future readin Eome Ghyinus t}.ns very choice between increasing

ess and immediate protection. Finally, wherever an alert is

critical for our survival i
_ it cannot be made i
receipt of strategic warning. A e S

kground noise that might obscure such sig-
nals will increase as the Soviets expand their strategic air-training opera-
tions with both manned bombers and missiles; For example, forward
staging bases will be exercised, and long overwater’refueled missions by
the Long Range Air Force may become. routifie! Some forms of training
may be adopted specifically to mask theé'signals that would be given by an
actual attack. Both deliberate and undeliberate activity of this kind will
degrade our indications system.

Of course, contrary to what we can reasonably expect, W

indications of an impending Soviet planned “‘surprise” attack, and we
might have these indications days before the scheduled “surprise.”” The If we were to alert the for i
ce only in response to warni
rarning, the force

e might have
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might not be on combat alert when the enemy struck. An Intelll'gencfi
est;'gmate has credited the USSR with the ability to nll(ounF 121 250-a1;cra
ike i i iving prior indications. Attacks with many fewer
strike in 1955 without giving prior : 3 :
aircraft than this would be devastating. With the con?bat radii the enfen'l.ﬂ z
lanes will have later, he will be able to start unnoticed from dee;p u"jlh
? . . - - e
Eis territory. By 1958, as he exercises his staging bases., the size o fid.
will be able to mount through his peripheral bases vfrlthout oulrecew;?ﬁ
prior indications intelligence is estimated by Intelligence to be sev
times 250. : : ; ‘
For deterrence, one last deficiency of intelligence warning w?uﬁ -ze$a;t2
e . - . - . . 1
i btaining it. This deficiency is intri
even if we could be sure of o % s
must make clear to him, as y
covert nature. To deter the enemy we : : -
as possible, that we will have enough warning to react to his attack. Deter
Lence in Admiral Radford’s phrase, must be visible.

DISTANT EARLY WARNING

! 2 1d.
In an attempt to obtain earl tactical warning of an attack, we are b:le1 .
ing a radar line across the far north of the confl.Tean, z?d,kregoile af:

i i f this line can easily be flanked,
that the continental portion o ‘ o o
i i into the Atlantic and Pacific oceans
ng to extend the line out into ' ‘
ll.il'am? [?age 13). RAND has examined variants of the overwater scct:or;ls of
41 : : { - . .
th‘g DEW line, other than that shown in Fig. 1. In partl.cular, \:;e! a:;z
studied attempts to counter the end-run problem by COl’ll’flt‘;‘Ctln i{ t.};e t a; =
i i f the Pacific line south from Midway.
line to Europe, or extensions O . s
Atlantic shift might be useful (if we neglect the si?of‘mg p;obj:ix; d;f
- blem in the Pacific is made -
cussed below), but the end-run pro o
i i i unsolvable; by the extremely long
ficult, if not to all practical purposes ¢ .
range of the heavy turboprop Bear bomber. Both th‘e Pacific and Atlantic
lines are troubled by their proximity to Soviet .territory.. s
Closeness of the line to Soviet-controlled territory affe.cts the_ez‘ise p
i i be spoofed. Routine training an
which an overwater radar line can : EiEe
weather missions can repeatedly cross such a l.me and, ;Vv.hler:h :tAr];W
close to the Soviet Union, crossings can be made in force. Wit 1b‘l. 5
equipment we shall have in use for the next few years, our ability
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to detect penetrating aircraft will be small. Sea-clutter problems, and
negligible high-altitude coverage by both AEW aircraft and picket ships,
make it extremely dangerous to depend on this line for SAC survival,
even neglecting the end-run problem. Many of these problems will be
helped by the introduction of airborne ultra-high-frequency (UHF) radar
and new radars on picket ships; but for the AEW aircraft, the spoofing
problem may be worsened because of the inferior counting capability

of this radar. Even a small number of Soviet aircraft cou

Id generate an
intolerably_hj umbe

f false alarms. Interference with Soviet mid-
ocean flights would“be in violation of international law and precedent,

and would in any case require great effort. Suggestions that we declare
war on the basis) of such Pacific or Atlantic traffic
unrealistic. Possible reprisals against our own overseas military traffic,
including AEW planes, make even the shooting down of intruders ex-
tremely hazardous. Finally, even if we believed this policy to be a good
one, 'we could Lardly rely on the U.S. Government's adopting this view,
say, in 1961.

Our present plans for siting new SAC bases and continental radars
assume that the enemy cannot skirt the Distant Early Warning lines; so
also do some of our plans for using AEW aircraft off the coasts of the
United States and in defense of task forces. But he will be able to do so—
and if he should plan an attack, it would be a sensible thing

patterns are simply

for him to do.

DESIGN OF SENSIBLE ENEMY ATTACKS

If the enemy is intelligent in desi nning,

We must assume that he may be—he will do SAC as much harm as he can.

0 achiev wve he will exploit the known Imitatione of our
2 = _ﬁ
gefenses. fbgrefore, his attacks are not to be !udﬁed apart from our defense
“
0s

Our SAC presents soft, relatively few, relatively undefended targets.

Our warning system has large holes. Except under conditions of alert,
SAC response to warning is slow, even for evacuation. And SAC’s ability

to recover evacuated elements and to strike is limited, untried, and can be
denied by a follow-up raid.
o d
|, WywETRER e e s }
€ LAuRte LU
A
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Until these major weaknesses in our defense posture have been elimi-
nated, neither advanced Soviet weapon systems nor devious modes of
employing the present ones are necessary. Even rather straightforward
attacks will neutralize SAC. However, this does not mean that we can
rest after we have reduced or eliminated our vulnerability to just these
conventional attacks.

The enemy needs to limit warning if we can use it. Attacking or de-
fending a strategic force is radically different from attacking or defending

when the attack arrives.
Against a moderately alert and fast-reacting SAC, an intelligent enemy

must seek to reduce warning. He must not give us enough warning to
enable us to mount a strike—even if this means limiting the lethality of

his first raid. _
A follow-up raid may be necessary. If he doesn't kill our aircraft and

crews, but disrupts our strike response, a follow-up raid can still deny
us the possibility of recovery and retaliation.

This is what is sensible for him to do. What can he do?

\cities. The significant differen_ceiit_hg_thg_smtegir_inmmm_MbEm

ENEMY CAPABILITIES BY 1960-1961 ’%,
Intelligence estimates indicate that the Soviets will have a’@
high-yield bomb in 1960. Its yield of about 1-MT will give a ve
radius of over 4 nautical miles against unprotected bomb m the

Bull's 2000-nautical-mile radius, the Soviets have progressedito a 1955
Bear, which, with a 3000-lb weapon, has a 4100-n '@ mile radius—
and a refueled radius of 5350 nautical miles. Ass engine and gross
takeoff weight improvements of the same order se regularly experi-
enced with our own bombers, the 1960 Bea ing a 3000-lb weapon,
is credited with a once-refueled radius o t 6200 nautical miles—or
a range of about 12,400 nautical mi ugh to go half way around

the earth. It is not necessary, then, to f improvements in aircraft state
of the art that are expected in t ties—high-energy fuels, boundary-
layer control, and nuclear power.

With this range capability, the Bear will be able to end-run the DEW
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line and attack the United States from the south. Figure 5 shows that it
can_go to Omaha by way of ico and all the way home by a mor
direct route with over 2000 nautical miles of range to spare. This extra
range can be traded for extreme high- or low-altitude penetrations, or

Fig. 5—Projected 1961 distant and continental early warning lines
(high altitude)—end-run attack

for the use of takeoff bases deep in the interior of the Soviet Union. More-
over, if desired, even East Coast SAC bases can be attacked from the
Pacific—around the end of the DEW line easiest to skirt. In any case,
because these routes offer the most favorable winds, and because of the
proximity of the Kamchatka peninsula, most ZI bases are best attacked
via Pacific routes. In sum, the extended range of Russian bombers will
make available to them just about any useful route and profile of attack.

An attack giving even more limited warning is possible with the ICBM.,
The Directorate of Intelligence, HqQUSAF, has estimated that the Soviets
will have an intercontinental ballistic missile in series production by 1960
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or 1961. This carly weapon may have a 3000-lb warhead, about a

5500-nautical-mile range, and may be delivered at that range with an

equivalent circular probable error perhaps as low as 2 nautical miles, but

more likely 5 nautical miles or greater. Its use at shorter ranges offers the

alternatives of reducing the CEP, increasing warhead weight, or choosing

flat trajectories. The 3000-1b warhead has been assumed in this study to
O produce a yield of 1 MT by 1960.

C

o
DRESULTS OF SOME LIMITED WARNING ATTACKS

A study of the contribution of other U.S. forces possessing some atomic
——retaliatory power indicates that they are all highly vulnerable to atomic
Oattack. Overseas SAC, tactical, and naval forces having an atomic capa-
=bility are concentrated at a few points, easily found and éasily destroyed.
TThe full report on our previous study (R-266) has shown in detail the
gx'ulnerability of land-based units overseas. The present study shows that
“the vulnerability of overseas forces is not confined to those based on land.
;‘Camcr-based aircraft within striking distance of the Soviets cannot expect

to survive a sucprise attack or post-D-day attacks with more success than

ground-based aircraft. The key problem of all the forces overseas is the
extreme limitation on the amounts of warning available to them. How-
cxver, consider attacks with either the Bear or ICBM. designed to limit
wacning to continental U.S. SAC bases. The situation of SAC inside.the
“US. continental radars might at first appear considerably better.

The dotted bars of Fig. 2 (page 14) show the times from first penetra-
eién of the ZI radars to bomb release over SAC bases that. result when
—he enemy uses the range of the Bear to avoid detection at the DEW
ine. Over half of our bases get less than an hour's warning. Figure 6
shows that slightly more than 30 per cent of the bombers survive if
there is no alert, and only a few per cent get off combat ready. If as
much as one-third of SAC is on alert, the survival of this part depends
directly on its launch time. If it is on a 1-hour alert, at most 15 per cent
of the force survives combat ready. If the response time for the alert part
of SAC is as short as 15 minutes, almost all of the alert force survives,
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but the remaining two-thirds is almost totally destroyed. In any case,
most of the vital personnel are lost, and only about 10 per cent of the
other critical elements survive. In particular, our stockpiles of bomb assern.
blies are almost all damaged or destroyed.

100 -

80 -
£
St
%“’ B Erecusted (without bombs!
i 4

s Combat rezdy (without bombs

On
hait—, b / ‘
Bombers and Fuel and foel Vital ‘ Bombs (nol in
farkers Estabution personne! bombers)

Fig. 6—Vulnerability of SAC to an attack by 300 Bears with 1-MT bombs
{DEW line avoided|

Unless a very advanced degree of alertness is achieved for a very con-
siderable part of SAC, vehicles such as the ICBM will not be needed by
the enemy. On the other hand, if he does need them, he will find them
sufficient. Figure 7 shows the results of a closely coordinated 1961 Sf)viet
attack with 250 ICBM’s against a SAC force, assuming the 15-minute
aiert. This is a missile with a CEP of 5 nautical miles and 3 1-MT war-
head. Even if somewhat less than half of these missiles are successfully
launched and do not abort, we suffer damage to about 70 per cent of our
bombers and tankers, and to almost the same percentage of the vital
personnel. Other, tougher, elements fare considerably better. The lethality
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of this weapon, even with its poor accuracy, against such soft tacgets as
aircraft should be emphasized. Its lethal radius in terms of damage that
would prevent use of the B-47 and B-52, at least until they were repaired,
is about 4!2 nautical miles (at a 12,000-ft burst height). Each missile
that lands in the target area has about a 40 per cent chance of damaging
the parked aircraft.

o [— Condtiors:

S s S
! T T

Percentage cf element surninng undamaged

[
=3
I

N

Yital oersonnel Sorrds [nst :n bompers §

Bombers and tankers  Fuei and fuel drstnbution

Fig. 7—Survival of SAC elements aiter an IC8M attack againss SAC bases
in 1961

Figure 7 shows that neither a large missile force nor very advanced
missile performance is necessary to hurt SAC seriously. Figure 8 shows the
vulnerability of SAC to three possible enemy ICBM's. With the ex-
pected early threat, already shown in Fig. 7—a Soviet ICBM with a 1-MT
warhead and 2 CEP of 5 nautical miles—a force of 200 to 300 missiles
can destroy and damage most of SAC's bombers and tankers. Better
missiles, available later with better accuracy and larger warheads (or
possibly the same 5500-nautical-mile-range vehicle used at shorter ranges
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from Eastern Siberia) will be capable of destroying almost all of SAC
with a salvo capability of fewer than 100 missiles.

These attacks are by no means the best the enemy could design; nor
do they use mixed forces, as they might be expected to do. However,
they do show that our planned defense posture makes a follow-up raid
redundant—except as a form of insurance.

———— 1M1 warhead: 5-nmi (EP
e | :MT warhesd; 2.0cmi (P
o SMT warhead; 20 i CEP

Percentage of airceaft surviving undamaged

1 I I
0 100 mw m 0
Enemy salvo capebility {number ¢f missiles )

Fig. 8—Vulnerability of Programmed SAC 1o enemy ballistic missiles

In the 1960-1961 time period we are scheduled to start phasing ICBM's
into the strategic force. Before that time, in 1959, there are plans for
putting lntem;ediatc-Range Ballistic Missiles overseas. Hnwl wiil these
missiles change things? It is sometimes assumed that they will solve all
problems—in particular, that they are intrinsically invulqcrflblc on the
ground. This is not true. The vulnerability of these missiles wx'll.be
what we make it in the design of the missile system. These missiles
could be more vulnerable than manned bombers if their basing were too
concentrated, if they were too soft and responded too slowly.
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If the initial 1960-1961 force of 120 ICBM's is not sheltered, the
Soviet force needed to destroy it may be small. For example, if this force
is based in three large complexes, one of which is shown schematically
in Fig. 9, and if it is not sheltered, then the Soviet force able to ldestrOy
an expected 80 per cent of it need only be 24 missiles, allowing for
unavailability and aborts. Alternatively, the penetration of only 12 manned
bombers would destroy all of this force, and this number of bombers could
be reduced by one-half or more if the Russians put more than one bomb

in each bomber. The small enemy force needed in spite of the apparent

# Launch complex
), Guidance stafion

1-MT lethal area

Fig. 9—Layout of an ICBM (SM-65) provisional group, and lethal areas
of thermonuclear weapons against unsheltered missiles
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high degree of dispersal is a consequence of the extreme vulnerability
to blast of unsheltered missiles—estimated to be 2 psi. At this over-
pressure level, a 1-MT bomb, air burst, has a lethal radius of about 7 nau-
tical miles. A 20-MT bomb, ground burst, has about a 14-nautical-mile
lethal radius.

This estimate of enemy requirements for destroying our projécted
missile force may be excessive. Camp Cooke, the first base planned, is
much smaller than that shown in Fig. 9. A single 1-MT bomb would
cover the entire base with 2-psi overpressure or more.

Overseas, therezmay be 120 IRBM's at 8 existing SAC bases in the
United Kingdom,.and this entire force could be destroyed by that num-
ber of Soviet IRBM's or light bombers. There may be some merit in
having unprotected, highly concentrated missiles overseas on the chance
that¢we may get the first strike. However, we cannot count on using
them in any war started by the Soviet Union.

SUMMARY ON VULNERABILITY OF THE PLANNED
1960-1961 FORCE

The ICBM by itself will upset any plans that depend on reliable stra-
tegic or DEW-line warning. But these plans can also be upset by the
manned subsonic bombers.

The limits that we have optimistically put on enemy offense routes
' an% tactlii iim:aééear to Ee associated with our own weaf-nsﬁs;
in defense and not wit T ilities for offense. If we assume

that he will not exceed these limits, it is not because he cannot—but per-
haps because the consequences are too unpleasant to contemplate.*

Given the expected yield of Soviet nuclear weapons, a small raid that
catches us on base will probably kill us. If we depend on Soviet use of
a large first wave to give adequate warning, we are assuming that the
Russians will use a tactic they not only do not need, but one which is
self-defeating.

points. To quote Admiral de Robeck at Gallipoli, "Gallant fellows, these soldiers; they always

*Of course, it ir quite possible that the enemy will level his attack against our strong
go for the thickest place in the fence.” On the other hand, we cannot count on such gallantry.
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ize warning, is not, as is frequently

a big

A first wave, designed

direct attack that acce
force detected at the DEW line gives most of our bases
warning, and its effectiveness is hardly affected if the surprise first-wave

force is discovered an hour before.

hours or so of

CURRENT VULNERABILITY

So far we have concentrated on a time several years away because we
believe that actions can be taken now that will substantially improve our
position by then. But what is our current position? The widely held view
that the Soviets will not threaten our retaliatory capability until 1958
or 1959 is based on an estimate that only then will their Long Range Air
Force match ours in number and quality. It rests on the incorrect assump-
tion, mentioned earlier, that deterrence results from the numerical or
qualitative superiority of forces before attack.

RAND has studied many attacks that the Soviet Union might try against
our atomic capability in 1956. These studies show that the probability
is very high that a well-designed attack on SAC and on other atomic forces

now would destroy almost all of these forces before they became airborne.

The over-all Soviet attack strategy that would turn_out worst for us,
while avoiding excessive risk for the offense. combines a surprise\initial
blow with quick w-up "insurance’ strikes. The first blows\would be
aimed at our most vulnerable points—the relatively small numbér,of occu-
pied bomber bases in the Zone of Interior and overseaspmajor-stockpile
sites, and naval carriers on station (see Fig. 10). To take\care of any of
our surviving bombers, follow-up attacks would be directed against points
essential for our recovery and retaliation: alternate,or.emergency dispersal
fields, en route staging bases, communication dand control centers, and
target-bound naval carriers. Cities haye the.lowest time urgency for
destruction. (However, fallout from heavy-attacks on SAC would kill
millions of people in cities.)

Three of the 195{«3&5 studied that produce these results are dis-

cussed below. In th{ first) the Russians employ a force of moderate size

30

o SACumits
o (Carriers on station
o TACuits

Fig. 10—Hypothetical 1956 Soviet attack on U.S. forces

and attempt to exploit weaknesses in our detection system by follow-
ing rout(j avoid radars and by flying at moderately low altitudes.
In the (second/ a smaller force seeks not only to avoid radar detection
but glso to exploit weaknesses in our system for identifying aircraft. In
the attack, Soviet bombers follow relatively direct routes in from the
Atlantic and Pacific and attack in large numbers.

Figure 11 shows the outcome of the first-wave attack in the first of
these cases. In this attack, 148 bombers (about two-thirds Bulls, the
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Bombers and Fuel and fuel Vital Bomb assemblies
tankers distribution personnel (not in aircraft)

Fig. 11—Results of 1956 Soviet attack against key U.S. targets by 148 Bulls,
Bears, and Bisons

remainder Bears and Bisons) attack the United States and penetrate along
the routes shown in Fig. 12. (The red portions of the routes show the dis-
tance traveled over the United States while in radar cover.) The, routes
were selected to travel over territory that provides slightly mgre, radar
warning than the minimum possible (though still an insignificant amount)
but limits the amount of warning time provided by a chance detection in
the unlikely event that this should occur. In this way the results of the
first wave are hedged against an unlucky detection.'As another form of
insurance—against operational difficulties such as navigation and bomb-
ing errors, as well as against possible losses to our defenses—the enemy
sends several bombers to each target, still ‘holding his initial wave small
so as to limit possible strategic warning: for each target he assigns from
three to eight bombers, depending on the target hardness and air defenses
likely to be encountered en route. This assumes that at least one bomb
will be delivered to each target. The bombers penetrate our radars roughly
simultaneously at altitudes averaging slightly more than 1000 ft. Tail
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Fig. 12—Penetration routes of first wave of a 1956 Soviet attack
against key U.S. targets by 148 Bulls, Bears, and Bisons

winds along these routes and the long range of the bombers make it pos-
sible to coordinate their arrival at points of penetration. However, some
unplanned irregularity was allowed for. No air refuelings are necessary
for this attack and routes were chosen so that bombers could reach neutral
territory or rendezvous with submarines. Alternatively, this force can be
regarded as being refueled and returning to the Soviet Union. After allow-
ing for aborts, attrition, navigational errors, and bomb failures, 102 bombs
are detonated over target. The expected result of this first wave is the loss
of 95 per cent of our aircraft, 90 per cent of the vital personnel on base
(55 per cent of vital personnel in total survive this night attack if as many
as 50 per cent live off base), and damage to about 90 per cent of our
bomb assemblies. The few surviving aircraft are not combat ready, are
without bombs, and would have a small probability of surviving subse-
quent Soviet attacks and Soviet air defenses.

The basic reasons for this vulnerability are

® Concentration of our atomic forces at a few points: Vital ele-
ments of the Strategic Air Command and most bomb stockpiles
are now concentrated at a total of 35 points in the United
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States. The number of key targets presented by tactical and
naval forces overseas is even fewer. This means that only
several-score enemy bombers must arrive at the bomb-release

line, and if our defenses are weak enough, the Soviet force |

launched need be little larger.

° Inm[lff‘:'c:'e::t warning: The average time from first penetration
of radar to bomb drop, along the routes and at the altitude used
in this strike, is about 30 minutes, and many bases have sub-
stantially no warning. At high altitude the average warning is
under 90 minutes.

® Poor active-defense effectiveness: No attrition is sustained by

mbers going to 20 of the 35 ZI targets attacked. The others
suffer very little. This estimate assumed individual fighter effec-
tiveness about five times that achieved in the recent Exer-
cise CRACKERJACK. Little warning, absence of defenses around
SAC bases, inadequate low-altitude radar cover, and poor
weapon performance at all altitudes that the Soviet bombers may
penetrate combine to produce this result in the ZI, and to an
even greater extent overseas.

e Slow response: Figure 4 (page 16) showed an optimistic esti-
mate of current SAC response capability, assuming no strategic
warning. It revealed that most of the bombers will not be combat
ready—full crew assembled and bombing system working*for
many hours after warning of attack. Moreover, with the radar-
penetration times indicated, and allowing for decisiofrtimes and
communication delays, very few will manage to evacuate.

e Softness of targets: Most of the critical elements on air bases

overpressures (4 to 10 psi). The doorsof the-igloos storing our
bomb assemblies—some of the least-soft éléments—will be rup-
tured at 30 to 40 psi. Bombs of WMT yield, delivered with
moderate accuracy, are large enough to destroy most of the
vital elements on our ground bases. And aircraft on carriers, like
aircraft parked on concrete, are extremely vulnerable to blast.

Source: http://www.albertwohlstetter.com
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Will be damaged and destroyed if subjected>to relatively low

This is the expected result of the first-wave attacks. However, the
expected does not always happen. Although conservative estimates of
Soviet performance and optimistic estimates of our own performance have
been used, there is a chance that something will go wrong. But some risks
can be insured against in the design of the attacks. For example, what
happens if there is visual detection of the first wave leading to a d;cision
to ready our forces some hours before bomb drop? The first wave was
designed to make this quite an unlikely piece of luck for us: it is a night
attack, traveling over unpopulated or sparsely populated regions. But
suppose it is detected 4 hours before bomb drop? Figure 13 shows the
result of this first'wave under these circumstances. Most of our aircraft
get off, but atmost 12 per cent are combat ready. The others must proceed
to an altefnate base, and most of the medium bombers among the 12 per
cent must'land at one of a small number of en route bases before pel:le-
trating; But if a second wave of 100 Bulls attacks probable SAC dis-
pecsal or alternate airfields (selected assuming no security leaks) and

o
= s

e
=

Percentage of element surviving undamaged

n B

w M!ﬁw I=ve m‘ v [Ty b
- tankers distribution persorne! (not in aircraft)
Fig. 13—Results of first wave of a 1956 Soviet attack against key U.S. targets
by 148 Bulls, Bears, and Bisons—4 hours tactical warning
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en route bases overseas, our efforts to ready SAC and deploy overseas
are totally disrupted.

Even in the absence of such a follow-up wave, our ability to recover
and ready aircraft on alternate bases is extremely limited, and days would
probably elapse before a substantial strike with evacuated elements could
be launched. A follow-up Soviet attack during #bis period would destroy
most of the surviving force if it elected to remain on the ground, or it
would destroy the strike preparedness of that part succeeding in evacuat-
ing once again. Finally, a series of small follow-up attacks would dissipate
this surviving force.

The outcome of this attack shows that the ability of the Soviet Union
to strike effectively against the United States does not depend on Soviet
possession of a large force of long-range bombers or an extensive refuel-

ing capability. This attack involved only a small part of the LRAF sent

on “one way"” flight. As we have indicated above, the one-way flight is
not necessarily a suicide mission and most of the crews escape to Mexico or
to submarines. Nor does it involve throwing away the Soviet strategic
force—it takes only one aicraft over a base to destroy 65 on the ground.
For example, only one-fifth of the estimated Soviet force was sent in this
case. Finally, it would be foolhardy of us to depend on assumed limits to
Soviet capability that are hardly warranted by our knowledge of these
capabilities or by our record in predicting advances in them. The succes-
sion of surprises we have received from the rapid Soviet achievement of
the A-bomb, H-bomb, advanced jet engines, the Bear, airborne intercept
radars, and large-scale fissile-material production, for example, should
save us from overconfidence.

Other forces besides SAC in the ZI are capable of early retaliation
against the ‘Soviet Union and have as a consequence a high priority for
attack. Figure 14 shows all U.S. bomber units that are capable of striking
against Soviet Union targets within the first 12 hours of war. Only a few
points overseas would be urgent targets: on the date of this attack, 4 SAC

targets, 6 naval targets, and 18 USAFE and FEAF targets. Other naval
and tactical air forces are too far away to constitute a threat to the Soviets

on the first day of the war.
A surprise attack by 150 shorter-range Soviet Beagle and Badger me-
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US. forces in the Z1 2ble US. forces overseas able
to shrike Soviet Urtion o strike Soviel Union

Fig. 14—Destruction of U.S. forces able to strike against the Soviet Union
within 12 hours {1956)

dium bombers timed to enter overseas radar cover shortly after penetra-
tion of U.S. continental radars would catch most of our overseas forces
on the ground or on the carriers (see Fig. 14). And of the small number
of bombers (between 5 and 10 per cent of the original force) surviving
the initial Soviet strikes, only a few would be combat ready.

The many-wave attack outlined employs one of several strategies useful
to the enemy in the destruction of our retaliatory force. Other tactics for
the first-wave attack against continental U.S. bases deserve at least brief
mention because they exploit, and therefore reveal, other defects in our
defense system.” The 1956 raid described above illustrates how, even with

* For a more detailed discussion of this second type of raid, see M, Arnsten, L. D. Attaway,
P. M. Dadant, M. R. Mickey, and W. P. Stillman, Vuinerability of Continentdl U.S.-based
SAC Forces to Soviet Antack in Mid-1956, The RAND Corporation, Research Memorandum
RM-1763 (to be published) (Top Secret).
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routes of penetration chosen to hedge against early chance detections by
casual observers, the expected time in radar cover of a relatively large
number of enemy bombers on their way to hit our strike force could be
reduced to insignificant numbers.

In the second attack, the Russians attempt to penetrate initially with
just enough bombers to cripple us and to minimize warning from Intel-
ligence sources, radars, the Ground Observer Corps, and casual observa-
tions. One of the smallest target systems presented by our strategic
retaliatory force is made up of 29 SAC bomber bases. (Compared with
the previous attack, this one excludes the separate stockpile sites.) Seven-
teen of these bases can be hit with 1 hour or less of penetration over
the United States or through radar cover. This attack is designed especially
to get bombs to the 12 deep bases with too little warning to permit
evacuation. Several characteristics of our warning system make this
possible:

First, radar coverage in the south at altitudes of 1000 to 5000 ft is
so sparse that most of the 12 deep bases can be reached by bombers pene-
trating at these altitudes without entering radar cover more than 5 or
10 minutes before arrival at target.

Second, the GOC in many areas is so undermanned that it is ineffective.
Most deep SAC bases can be reached easily by the Bear along routes where
the GOC is in a standby status. Even where it is operating, its potential
for identifying a Soviet bomber as such is largely confined to daytime.
For these deep bases, it is possible to penetrate in darkness at an altitude
of 5000 ft, remain out of radar cover, and still penetrate during hours
of moderate background traffic.

Third, the Air Defense Identification Zone system does not completely
encircle the SAC basing system, and single aircraft flying outside ADIZ
areas at conventional speeds and altitudes during hours of moderate
traffic are not identified. In particular, the tracks of aircraft penetrating
from the Gulf of Mexico are not reported ‘as “unknowns” to ADC
division level and higher.

Finally, this attack would reveal itself to our surveillance system by
only a small increase in the normal number of unknown aircraft over
the U.S. Such signals of a raid are too ambiguous to lead to immediate
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SAC reaction and come too late for effective SAC action to be taken.

In sum, most of our interior bases are “deep” only in the geographic
sense and not with respect to our warning barriers.

The infiltration or sneak raid shown in Fig. 15 is designed to exploit
these weaknesses of our defense. Fifty-six Bisons and Bears are launched
in the first wave against the United States. Two bombers are originally
scheduled to attack each base. Of the two bombers going to two of the
deep bases, only one of those still not aborted at penetration time proceeds
into the U.S. All other bombers fly singly in their approaches to the U.S.
The raid is designed so that only three bombers penetrate radar cover
early enough to give any part of SAC usable waming. Of these three,
only one enters.an ADIZ. The other two approach via the Gulf of Mexico,
and never enter the cover of any one radar station. Two other bombers

Ground Observer Corps on stendby status
18 «<==> A Defense leniification Zones

€ 56 Bears and Bisons sorted in st were
mrwm}m%mmwmm

Fig. 15-—1956 Soviet sneak raid against key U.S. targets, showing position
of bombers Y2 hour before first bomb drop (56 Bears and Bisons
sortied in first wave)
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enter ADIZ’s, but not radar cover, early enough to give SAC forces
usable warning; but darkness at altitude and ineffectiveness of current
GOC identification capabilities ensure that these aircraft will not provide
warning. All other early penetrations are in darkness and at such altitudes
that casual detection by ground or aicborne observers is extremely unlikely.
Thus, only one unknown would be in the system early enough to provide
warning, and it is extremely improbable that such an event would trigger
an alert. Even so, it would be at least 1 hour before the first SAC bomber
would take off, and the unknown could have been detected at most 50
minutes before the first bomb was scheduled to go off.

Casual detection could occur outside the United States. However, by
choice of routes avoiding possible areas of detection (for example, those
normally occupied by the New England fishing fleet), by keeping the
force few in number, and by having all but four of them fly singly and
very high in their approaches to the U.S., this probability is minimized.

The calculated result of such a sneak attack is damage or destruction
to 86 per cent of our SAC bombers and to lesser portions of other
vital elements—G4 per cent of base fuel systems, 35 per cent of vital
personnel, and 30 per cent of bomb assemblies. The only SAC aircraft sur-
viving are on bases that were not attacked because of aborts and gross
navigation or bombing errors. '

These attacks were carefully designed but seem well within Soviet-capa-
bilities. Even if less intelligent tactics arc used, they make ‘outiwell. In
the 1956 attacks shown so far we have credited the Soyiets with tactics
that exploit evident weaknesses in our warning and active defense sys-
tem. What happens if a straightforward and considerably less thoughtful
attack by 300 Soviet bombers is launched along thé routes shown in Fig. 1
(page 13) ? At the present time, of course, there.are no seaward extensions
of the DEW line. Even when no attempt is-utade to exploit onr warning
weaknesses (except what can be done easily by avoiding routes over
Alaska, Iceland, and parts of Greenland)), we fare badly: Only 37 per cent
of the force evacuates and, as has been shown before, bardly any of these
aircraft evacuate in combat-ready condition.

The attacks described here, and many others studied, clea indicate
the present vulnerability of ou fce. They do not, of course, imply
40

't_I;atS; B'us.smn attack is imminent. Nor do we think it is. That is 2 matter |
_of Soviet intention rather than Soviet capability, and such intent would

be affec}tled in ipstance by Soviet knowledge of our vulnerability
and in the second place by the comparative gains and risks of alternatives
fo central war. Nonetheless it s a painful fact that the risks to the Soviets

ot attempting a surprise attack on the Unite uch lower than
are generallg estimated. We would like this course of Soviet action to Be

lternative Imost any other they mi tem iate——-mciud-
ing, for example, the acceptance of defeat in some !!Elgsd or Esgieheraf J

ar
of the nt vulnerability of o

: rike force to feasible Russian attacks, and realistic tests of the plans
its future -:lvf:ff.'ll;f:i show_the seriousness of the problem t b
f th blem. What carf be

done to remedy it?
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IV. WHAT CAN BE DONE?

PRINCIPLES OF DEFENDING SAC AGAINST
AIRCRAFT ATTACKS

First of all, we must recognize that the defense of SAC is not only dif-
\ ferent from the defense of cities but (fortunately) much easier—
E——

® Soft, fixed, arban targets require essentially leakproof active
defenses,

® For & quickstesponding SAC, warning has importance quite apart
from ‘active defense.

o The-eakage of some enemy vehicles to target in a limited attack
is'not fatal if there is sufficient warning to get the aircraft and
crews off base before a significant number of enemy bombs
arrive and if the essential ground-support elements have been
duplicated and hardened.

® In the event of a mass raid against our cities, even 90 per cent
attrition is not enough. Much smaller levels of attrition can help
a protected SAC to survive, recover, and strike back in force.

In this summary report of the study we must limit ourselves to only a
brief description of the large number of specific remedies we recommend.
These recommendations have been separately submitted to the cognizant
Air Force offices and are, in some cases, already being implemented.
. Here, we will give the sense of these measures and sketch the results of

some of our tests of their effectiveness. Appropriate limits on the amount

of each type of defense will be indicated.
The proposed measures fall into four broad interdependent groups. We
hall treat them in the order in which they have previously bet
measures designed to increase enemy raid requiremgffPé d
asures to increase the amount and reliability of warning .:@“ ot
ures to speed up SAC's initial response and make it more certdin; and

Source: http://www.albertwohlstetter.com
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measures to improve SAC's recovery and strike capability. We
11 discuss defenses against manned-bomber attacks first, then against
ICBM attacks, and finally against joint ICBM-manned-bomber_attacks.

e interdependence of these groups of recommended measures is ex-

tremely important and will be discussed subsequently.

INCREASING ENEMY RAID REQUIREMENTS

The primary purpose of these measures is to increase the probability
of getting warning of an enemy attack bmmmw
of Ris raid.

e proposed increase in the number of SAC bases from 29 to 55 has
been mentioned earlier and will be a useful measure, particularly if the
extra bases are located well within our radar warning net, as we are
recommending. It is important to recognize, however, that dispersal alone
will not provide adequate defense for SAC. Even greater dispersal—to
330 bases as was proposed last year—is not enough. We cannot attempt
to match the enemy's stockpile of bombs by building bases. It would be
an expensive race that we would surely lose.

Many degrees and all of the forms of dispersal shown in Table 1, and
others, have been studied. A moderate degree of dispersed operationgugns
out to be useful by increasing enemy raid size enough to aid raidrecoghi-
operation, ranging from two wings per base down to one flight per base,
has been tested for cost and effectiveness.) The dispersal of‘cheap, hard,
fixed elements (for example, runways, fuel) is much less costly and is
essential for recovery of evacuated aircraft.

We have mentioned the extreme vulnegability” of bomb assemblies
throughout the period studied, in spite 6f/ the expected dispersal.
Although the number of points at whichbombs will be found increases,
the number of vital aiming points increases much less because most of
the additional sites are at SAC bases—already targets of the highest

*See L. D. Attaway, M. R. Mickey, and W. P. Stillman, The Availability and Use of
Tactical Warning against Sneak Attacks on the US. Zone of the Interior, 1955-1960, The
ranp Corporation, Research Memorandum RM-1789 (to be published) (Secret).
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Table 1
FORMS OF DISPERSAL
System Elements
) Emergency
;:ewy Flight-line | POL and Runways
: ainte- Mainte- Standard d
Forms of Dispersal Bombers nance nance Runways P;?(iug
Increased force size X X X
Dispersed operation — X X ; 5
Satellite dispersed opera- e _— X X =
tion *
Dispersed recovery and —_— [— —_—
staging basés * *
Dispersed recovery bases _— _ —_— —_ X

X = system elements increased.
=—= = system elements remaining unchanged.

Priority' The chief value of the on-base storage program is reduction
in bomb-loading time, not dispersal. However, we can increase the enemy
fa?rce required to knock out our bombs and bomb assemblies by a com-
bination of more shelter and more dispersal. We therefore recommend:

® Greater dispersal of bomb assemblies to other Air Force bases
mm. The location o, 1)
additional sites near complexes of alternate SAC bases, possib;@/’;
by using existing ordnance depots, should be investigated. _.
® Redesign of isti iand the design
of new igloos to resist much higher overpressures than they will
resist at present. e
We are recommending aircraft shelters, and more will be said about
them below. They are an essential element of defense against the ICBM.
But shelter is not mmmmy:
shelters increase enemy aircraft raid requirements somewhat (40 per cent
for a 10-MT-bomb 3000-ft-CEP combination, or more if the CEP’s are

Iafge.r—for example, if the bombers are supersonic or use air-to-surface
missiles), they will not protect against attacks that combine the advantages
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of the large lethal radii of megaton bombs and the aiming accuracy of
subsonic bombers. '

~The Air Force intends to provide SAC with additional active defenses
by 1961 in the form of Talos detachments, one at each of about 36 bases.
Local-defense missiles can be useful in protecting against small attacks
if they have an all-altitude capability. But we must also recognize the
limitation of active defense and plan accordingly—

e A small attack, designed to strike targets roughly simultaneously,

7& _would reveal itself to our warning system overa period-of-time.

Such an attack would be difficult to recognize prior to bomb

Jrop. The sneak raid described earlier is an example. It would be

a real problem to decide whether to unleash lethal defense

missiles against an aircraft that might be one of our own. Even

more than SAC when faced with the problem of deciding to

evacuate, an extremely lethal defense missile system must hesi-

tate because its very lethality will seriously penalize a mis-
taken reaction.

% e A mass enemy attack can saturate active defenses, especially if

it uses countermeasures.
e e —— e ———

We do not mean to imply that active defenses are useless. Local de-
fenses can use any spread in bomb arrival time to afford some protection
against a sneak attack. And in an attack planned to penetrate radar'cover

i simultaneously, enemy aircraft would arrive at targets over 2 period of

time. The first bombs on peripheral bases would offer unambiguous
warning to the rest of SAC, if an efferz‘fﬂe%;o‘mbﬁir}z 1'7 act alarm :T-Z}fé’ﬁ; were
provided. Local defenses could then be put into a ~guns jree _con ition.

An enemy attack that keeps the raid size small"(and thereby reduces
the likelihood of early recognition) by assigning more than one bomb
and target to each bomber, also involves a spread in bomb-release times
because targets are attacked in succession, In’this case, too, the homb-
impact alarm could set the local defenses “guns free” in time to fire.

Being able to fire is not enough, however. To protect SAC against even
a small but sensible attack, our local-defense missiles must have all-altitude

caEabiliﬂy in the face of electronic countermeasures. Therefore we should
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® Make sure that active defenses programmed by CONAD for
SAC bases have at least a_small all-altitude capability. Make

sure that radars for these units arewell elevated and thaé the

System 1s capable of providing cog_r_smge_igm the
face of jamming,

e Initiate a program to divert incoming friendly aircraft from SAC
bases and provide a “"guns free” condition for these defenses
upon receipt of raid warning or bomb-impact alarm.

Active defense could also ease the problems of SAC recovery if it were

able to exact a moderate level of attrition from massive follow-up attacks
intended to denyus recovery bases. Even a modest active defense capa-
hbility, togéther with a large number of alternate bases, would make it
_much_harder for the enemy to be sure that there remained after the
attack ‘no significant set of bases from which retaliatory strikes could
be faunched.

How much would it cost to implement this program designed to in-
crease enemy raid size? For a 6-year{vﬂed‘,‘ﬁf cost of the measures
in this group is estimated to be awﬂgﬁ\{ost of this expendi-
ture would be for the aircraft shelters needed for defense against the
ICBM (see page 76, below). While shelters are useful against manned-
aircraft attacks, they would not be recommended if the ballistic missile
were not a threat.

The function of this category of defense measures is not so much to
dispefse or to shelter, or to raise our active defense kill potential as ta
bring “enem : require : i rce

te While, as we will show below, hardening can outstrip the
Soviet capability for a “pure” ICBM attack, no such simple method is
feasible against mixed forces of ICBM’s and aircraft, or even against pure
bomber forces. The function of the defense measures in this group is only
to raise the size of an aircraft raid enough to bring its signal level above
the threshold of an improved warning system.

*This 6-year cost was calculated for protecting the force as projected in May, 1955. The
exact cost will vary 1ivith the size of the force to be protected. In particular, changes in the
number of bombers will directly affect the costs of the shelter program.
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INCREASING THE AMOUNT AND RELIABILITY
OF WARNING

The earlier discussion of a strategic warning showed that it is not
likely to be available and, in any case, cannot be relied on. What about

/Sther types of warning?
By 1961 we will have a series Mee Fig. 2, page 14),

including the DEW line, oyerwater AEW, ships ‘at sea offering casual
detection possibilities, offshore AEW, and the continental early warning
open to the enemy. We have mentioned the defects of the outermost of
these barriers, the overwater portions of the DEW line. This line cannot
be relied on to.provide-us-with-a-sufficiently-lowfalse-alarm rate to permit’
SAC evacuation or i ide any warning at all of circuitous
attacks. RAND has looked at feasible further extensions of the seaward
DEW line, both intermittent and solid. Because of the great expense of
buying and operating AEW aircraft, budgets of reasonable size—for
example, of a size comparable to the amount that RAND is recommending
be spent to provide reliable southern warning—extend this DEW line
very little and extend enemy bomber missions still less. No such extensions
provide even moderately intermittent detection capabilities for distances
that outrun the range capability of the refueled Bear. Spending the entire
sum proposed for the southern warning line on nearly continuous DEW
extension south of Midway Island would add no more than 400nautical
miles to missions against the United States. And such measures would do
nothing to reduce the spoofing problem or to meet the Submarine threat.
While the seaward DEW line cannot be counted, on teprovide warn-
ing of a lethal sneak attack, it may impose some restrictions on the size
and timing of the follow-up raid. Even the spoofing; if it is intermittent,
may furnish some information that is usable/ in the improved raid-
recognition system discussed below, and\for the partial alerting of SAC.*
All of these barriers have a fairly, Bigh' peacetime noise level (which

*By the use of jamming, the Russians might be able to raise the peacetime noise level
more or less continuously at moderate cost. On the other hand, U.S. counters may be possible
that would make it prohibitively costly to maintain cantinuous noise levels high enough to
mask sizable raids. This is under investigation now.
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the enemy can make higher), and all leave holes open to the enemy.
The least-leaky barrier—the continental warning line—is too close to
too many SAC bases to provide adequate warning, i<

The measures recommended below are primarily concerned with
changes in the continental warning perimeter, in the location of SAC
relative to it, and in the way we use information provided by the system
as a whole. The bomb-impact alarm system referred to earlier would be
extremely useful, simple, cheap, and reliable.* RAND recommends that the
Air Force—

® Provide a gom&afmm sz.rtem, using bomb-detector devices

tied into the communications systems.

Each SAC base and ed with fail-
safe -alarm devices and with sufficient communications to ensure
tha other SAC ba | as CONAD, are notified immediately

in ¢case of a bomb drop anywhere in the system. Evacuation plan d
then be put into effect, standby communication lines would be established
between SAC and its dispersal airfields, and local defenses would be set
free to fire. In addition to the detection devices tied into SAC communi-
cations facilities, a long-range detection system could be operated by
CONAD to locate bomb drops on targets other than SAC bases. In the
ICBM era such a system would be able to exploit any raggedness in
the ICBM volley. In doing so, it might provide a small amount of warn-
ing that would be a large fraction of the warning time made available by
radar sightings of the ballistic missile.

The objective of the bomb-alarm system is somewhat different from
that of the bomb-detection schemes that have concerned other agencies
of the government, such as the Federal Civil Defense Administration.
These agencies are interested not only in the fact that the bomb has been
detonated but in such other information as the exact location of the
weapon, its yield, height of burst, wind conditions, etc. SAC and CONAD

e —

*See F. R. IEl&ridge, Communications between SAC and ADC in the 1960 Period, The
RAND Corporation, Research Memorandum RM-1774, October 1, 1956 (Secret—
: see also W. H. Culver, Bomb Alarm System, The RaNp Corporation, Research Memo-
randum RM-1776, September 18, 1956 (Secret). '
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need only to know that a bo:nb has been detonated B {
lish this swiftly ar tvocalll Orma
reat s ther types of mformanon mlght be u: used but the Purpose of
the system is essentially to establish the alarm unequivocally. The SAC
alarm system will, of course, be of use to FCDA and others.

The telephone system already possesses a rudimentary built-in “bomb
alarm” device. Long line circuits are operated by modulating high-
frequency carriers to reduce the size and expense of equipment. This is
true of both microwave systems and coaxial cables. Ordinarily the carrier
is transmitted continuously. When a circuit break occurs, the carrier is
lost, and an alarm is rung at the principal toll-center offices connected to
the line. The loss of any principal toll center in a network will ring alarms
at all principal toll centers to which it is connected.

This feature of the present system is obviously not sufficient for an
infallible bomb alarm but may possibly serve as a s
type of network. In order to rule out natural disasters such as wind, fire,
earthquakes, etc., other types of detectors should be added to the system.
For instance, a photoelectric device might be used. Other detectors that
could be employed are simple neutron or gamma-ray counters, or pres-
sure gauges. Clusters of these bomb detectors might be located at and
around vulnerable areas and could be connected at toll centers to the
terminal lines. If six detectors were used for the surveillance 6f each
SAC base, the total number of detectors in the network would be 336.
The initial cost of this type of bomb-alarm system would be.about $3 mil-
lion for research, development, and installation, with an annual cost of
about $300,000 for maintenance.

With the use of enough detectors this tvpe of bomb-alarm system could

the must estab-

bomb blast. A more

ambiguous type of bomb alarm could be provided by a so-called “inverse
LORAN" system. This would provide more extensive coverage and would
be useful in detecting bomb blasts in.target areas other than those near
SAC bases. An inverse LORAN system might be operated by CONAD.
Such a system would require about 10 stations capable of sensing seismic
signals, air-pressure transients, and low-frequency electromagnetic radia-
tions given off by nuclear explosions. One of these stations might be
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located within 100 miles or so of each CONAD combat center. In addi-
tion, two others might be installed in the west and southwest areas of
the United States, near Air Defense Direction Centers. The Direction
Centers at Stead AFB, Nevada, and Williams AFB, Arizona, might
be selected. It is estimated that the total cost of the system, including
installation, would be about $18 million. The system would employ
CONAD communications and computer facilities.

The other measures summarized below would increase the reliability of
earlier warning, that is, before bomb impact.

® Tighten the \continental warning line against low-altitude
penetrations.

The cutrent concept for low-altitude radar cover calls for the establish-
ment of this coverage down to at least 500 ft all around the country.
It appears, however, that the minimum altitude at which aircraft can fly
on bombing missions varies widely at various parts of the U.S. boundary.
The flat country in Louisiana or Georgia, for example, presents different
(and much less difficult) problems for low-altitude navigation from those
offered by the mountainous approaches to Davis-Monthan AFB in Ari-
zona. The 500-ft altitude specified, while adequate as a “floor” in some
regions, appears inadequate in others.

This has been confirmed by detailed map exercises that examined sev-
eral points along the U.S. perimeter.* Segments of the early warning line
were studied, first, to determine the extent of radar coverage obtained
below the 500-ft minimum aimed at in the current program, and sec-
ond, to determine (on the basis of an analysis of navigation errors, avail-
able check points, etc.) the approximate heights of feasible low-altitude
bombing missions penetrating in these regions. We have concluded from

these _exercises that the 500-ft concept should be replaced by a new

scale of low-altitude detection “tloors™ that vary around the perimeter.
These “floors™ should be estimated for each segment on the basis of actual
flight tests designed to determine how low a penetrating bomber might

*See W. P. Stillman, Protecting U.S. Strategic Retaliatory Power: Assumed Plans for U.S.
Air Defenses, The rRaND Corporation, Research Memorandum RM-1738, June 26, 1956
(Secret).
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fly at different points in the perimeter. Sufficient radars should be added
to the program to ensure detection at least down to this variable “floor.”
It is estimated, on the basis of preliminary work (but without benefit of
these flight tests), that approximately 25 to 30 additional gap-filler-type
radars (FPS-14, FPS-18, or CPN-18) will be required. These gap fillers
should be installed as soon as possible. We estimate the cost of these gap-
tiller radars at from $30 million to $38 million over a G-year period.

® [ncrease our ability to count and ta g aircraft,

The perimeter radar coverage outlined above will have fairly poor
resolution characteristics. Furthermore, peacetime traffic at the lower
altitudes will be much greater than that now viewed by radars at the
higher altitudes. It should also be possible for some types of enemy bomb-
ers to simulate the flight speeds of much smaller craft, so that identifica-
tljon by means of radar data alone might prove very difficult. A complete
ring of Ground Observer Corps posts, manned around the cm
a week and equipped with acoustical aids, could improve raid recogni-

_tion by tlight-plan matching; by identifying jets and high-altitude aircraft;
-.and, ultimately, by tagging intruders by number, engine type, and evem "

aircratt type. The GOC function should be changed from thatm

ing vectoring data, which it now does badly, to the simpler and miore

important task of raid recognition.” If the GOC cannot do the joby 2ddi-

tional gap-filler radars (about 200) and the relocation of some intérceptor

squadrons may also be needed to increase the probability that i ghters will

be able to intercept and inspect incoming unknowns.

These measures should be taken:

Test the low-altitude perimeter radar requirements by actual
flight at intervals along the U.S. boundary. On the basis of these
tests, establish new and varied minimal coverages and add the
gap-filler radars indicated. .

Test ficoustic aids for ground observers to determine if ability to
tag aircraft as to type—and perhaps number—of engines can be

*A RAND research memorandum on the subject of is wi
o ubject of the GOC by M, H. Davis will be
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attained by GOC. If these devices are effective, equip the GOC
with proper aids and test a band of the GOC to determine the
required depth and spacing of posts for “tagging” aircraft
around the continental U.S. perimeter. Provide incentives to
secure 24-hour manning of posts and establish additional GOC
posts as needed.

If GOC “tagging” is not satisfactory, obtain an intercept “tag-
ging” capability by filling in a band of low-altitude radars
around the perimeter of the continental United States and by
moving some interceptors to perimeter areas. Test methods for
intercept tagging at night and in bad weather. Install equipment
od perimeter interceptors as needed. If the GOC can do this job,
the cost of this measure will be trivial. If, however, the addi-
tional gap fillers are necessary, the cost will come to $200
million on a 6-year basis.

® Extend the radar perimeter southward to provide coverage against
an end-run and add sonars to detect submarines entering the Gulf

of Mexico.

Several extensions of the continental radar warning system have been
investigated.* Two of these lines are shown in Fig. 16. The most promising
Mexican line would consist of a line of radars along the west coast of
Lower California, thence down the coast of Mexico, across Mexico, and
along the northern coast of Yucatan to Cuba and Florida. To prevent
submarines from entering and loitering in the Gulf unescorted, barriers
should be placed in the Straits of Florida (4 bottom-mounted active
sonars), the Old Bahama Channel (a Continuous Wave doppler
system), and the Cuba-Jamaica-Nicaragua line (two 1-kc active sonars
inshore, 5 bottom-mounted sonars, 4 CW doppler barriers, 1 magnetic
loop, 6 "Texas Tower” evaluation stations). If diplomatic negotiations
with Mexico should be unsuccessful, other radar lines are under study
at RAND that avoid Mexico and, for example, run through Guatemala.

#See L. L. Giller, A Study of the Continental Early Warning Perimeser, The RaAND Corpor-
ation, Research Memorandum RM-1788, September 1, 1956
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Fig. 16—Proposed southern early warning lines

These alternatives, while more expensive than the Mexican line, are
superior in cost and performance to long mid-Pacific extensions of the
DEW line. Without increased coverage to the south, SAC bases .in

Table 2

WARNING FOR SAC BASES
(Number of Bases)

Warning 1957 1958 1959 1960 1961 1962
Adequate 7 7 7 8 23 28
Marginal 8 10 10 13 13 13
Inadequate 15 16 17 19 11 14
ToTAL 30 33 34 40 47 55

that are-respectively more than 450 nautical miles from the line, between
300 and 450 nautical miles from the line, and less than 300 nautical miles
from the line. The warning measurements are based on the assumptions
that JAEW can function to provide reliable low-altitude coverage and
that the submarine-launched threats can be disregarded. A base-relocation
program to alleviate these inadequacies of our warning line, but using

_these optimistic assumptions, must be regarded as a minimal program.

the south and southwest would have inadequate warning to permit evacua-

_tion. The alternative to a southward extension of the continental radar
is relocation of SAC bases in the southwest. However, over ‘a_pefiod of
years the cost of providing additional warning time by.moving bases
from the southwest would be greater than the cost of thetadar extension.
The radar extensions, of course, would have other values'not offered by
SAC relocation; for example, warning would bewprovided to southern
cities that otherwise would have little or none.

® Disperse and relocate SAC units farther inside the warning ring.

A large part of SAC is vulnerable to attack by manned bombers because
of inadequate warning. Even if the recommended improvements and
extensions of the warning system were carried out, and if the Air Force
dispersal program were implemented, the warning situation might be

expected to develop as shown in Table 2. The terms “adequate,” “mar-
ginal,” and "inadequate” warning as used in Table 2 here refer to zones
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Such a program, costing about %5 S0 IO OVer-6 years, is as tollows:

Accelerate the 55-base dispersal program by increasing the fund-
ing in early years.

Relocate units now on, and scheduled to remain on 7 of the bases
with inadequate warning.

Reprogram units scheduled to move to 8 new bases with inade-
quate or marginal warning.

Provide extra emergency runways to speed takeoff at bases
wherever necessary.

Choose new base sites within the relocation area to facilitate
strike routing.

The results of this program are shown in Table 3. Even this situation
is not completely satisfactory. A substantial number of bases remain in
the "marginal” category. Moreover, 7 of these bases would have to be
classified as having inadequate warning if the optimistic assumptions on
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Table 3

WARNING FOR SAC BASES WITH MINIMAL RELOCATION PROGRAM
(Number of Bases)

Warning 1957 | 1958 | 1959 | 1960 | 1961 | 1962
Adequate 7 7 8 15 36 43
Marginal 8 10 10 13 12 12
Inadequate 15 16 16 17 2 0
TotaL 30 33 34 45 50 55

AEW or submarine-launched threats were abandoned. To provide a
greater measure of safety, therefore, an additional program costing $250
million should be undertaken. It should include measures to—

Relocate units currently on, and scheduled to remain on, 4 bases
that depend on AEW detection for even marginal warning.

Reprogram units scheduled to move to 3 new bases that depend
on AEW detection for even marginal warning.

Figure 17 shows how the warning situation for SAC is improyed by the
relocation of new bases and the addition of the southern radar-extension.
The average time from first crossing of the radar boundary't bombs on
SAC bases increases from 45 minutes with the systemias planned to
21 hours with the recommended changes. The G-year eost of the minimal
program suggested is estimated at something over $500 million.

This recommended move of home basesdaway from the Atlantic and
Pacific coasts might suggest a disadvantage ini the form of “crowding”
at the center of the country, perhaps adyersély affecting the active defense
of SAC bases and also their physical\yulnerability to a given number of
dropped bombs. Both “crowding”’and its “adverse effects,” however, are
more apparent than real:

Trst, the coastal areas subtracted represent o ent he area
of the United States; this leaves a very large area for location of SAC.

Second, the active defense of SAC bases, which will be largely local,
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Fig. 17—Estimated penetration time to SAC bases after crossing
continental early warning line—improved warning system

would hardly be affected by concentration of the points defended. (Suffi-
Cient concentration would mean overlap in the areas covered by missile
defenses, enabling more than one missile site to fire on a bomber going
to a given base.)

Third, the relocation area is far too large for bases to be subject to
overlaps in_the lethal radii of bombs. Nor 1s fallout any worse in this
case. To prevent evacuation of the home bases immediately after bomb
drop, fallout radiation must reach high levels, and these are found only
fairly close to the ground zeros of the bombs. On the other hand, the
long-range deposition of radioactive material endangering recovery and
staging after evacuation is not affected by the recommended location of
home bases. Although bases for recovery and staging away from the
periphery are preferred because of the threat of follow-up enemy attacks,
airfields any place in the country may be chosen.

While the move away from the coasts is primarily motivated by the
need to obtain warning against manned-bomber attacks and attacks by
submarine-launched missiles or sub-launched aircraft, it_should also.he
observed that it does offer moderate advantages in obtaining reliable radar
warning of ICBM's. i

—
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%0 Improve the rules for raid recognition and response.
——

Response to tactical warning is made difficult by quite innocent-looking
configurations of traffic that may turn out to be enemy bombers. On the
other hand, what appears suspicious to the warning system may turn out
to be friendly. Therefore we need a_systematic, objective method of

evaluating quickly the ambiguous evidence presented by our_sensing sys-
tem a 1s to SAC's initial responses.

YN CONAD has in operation a numerical raid-recognition procedure that

consists of a count of “unknown” aircraft currently under surveillance
and shown on the Combat Operations Center board. This system is
simple and cheap, and 1s sensitive to a variety of raids. However, it would
not respond in time to several significant types of raids. It exploits very
little of the information supplied by our sensing system, but its use
is nonetheless severely limited by a rather high frequency of false

alarms.

Our present sensing system tells us not only that there are unknowns
showing on the COC board but also when and where each unknown first
appeared, its estimated speed and altitude, the length of the track, whether
or not it faded from the system (in which case it is simply lost under
present counting procedures), and, if it was subsequently identified as
unfriendly, the manner in which this occurred. The improvements \in
“tagging” described earlier for the GOC and interceptors should also
supply increased information on aircraft types.

Our investigation indicates that it is possible to reduce the false-alarm
rate and to_increase the likelihood of detecting am[g be
achieved by using more of the detection tnformation available an statis-

tical techniques (likelihood ratio sequential ctests) that have already

proved themselves in_application to control of quality in manufactured
products. !The improvements suggested.in the use of data, however, must
go hand in hand with the recommended-increase in the quality of the
early-detection and classification data.) In addition, a series of threshold

*See L. D. Attaway, M. R. Mickey, and W. P. Stillman, The Availability and Use of
Tactical Warning against Sneak Attacks on the U.S. Zone of the Interior, 1956-1960, The
ranp Corporation, Rescarch Memorandum RM-1789 (to be published) (Secret).
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limits must be introduced to permit more graduated responses. Measures

should be taken to—

Institute an improved raid-recognition syster‘n, for surveillance of
fing flights, and to [ink it to a routine system of graded

Increase the timeliness of the warning available to SAC and the
SAC aircraft-position data available to CONAD by providing
a closer tie-in between SAC and CONAD at SAC Air Division

and Air Defense Direction Center level.

The total G-year cost of the measures recommended to improve the

amount and reliability of warning is estimated to be about $850 million.
We aré not recommending expensive extensions to the overwater portion
of the DEW line or the addition of tracking radars to increase active-

défense kill potentials. Our goal is to increase the completeness and qual-
ity-of early detections, and to improve their systematic use for speeding

SAC’s response.

EDING SAC'S RESPONSE

At the present time, SAC's initial response to warning is tied to
CONAD declarations of Air Defense Warning Red, Air Defense Warn-
ing Yellow, and Air Defense Emergency, all of which were devised .for
a purpose unrelated to SAC’s missiony, According to officia

'—[_ylans (SAC Regulation 10-55), the Commander-in-Chief, SAC, will de-

cide whether to prepare for SAC evacuation affer one of these alerts has
been declared by the Commander, CONAD. Thus SAC is connected only
loosely with raid recognition and begins to react at much too late a stage

in the process.

These alerts are so costly for the civilian economy that they cannot
be declared frequently, which means that they can be declared only on
quite unambiguous evidence. Given the current deficiencies in our warn-
ing system, it is unlikely that a sensibly planned enemy attack will yield

unambiguous evidence before bomb release. Therefore SAC's response is

unlikely to be triggered in time.
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If its reactions are to be fast, SAC must follow the signals of a raid
more closely and respond at early stages in the development of threatening
aircraft patterns. Because the cost of SAC’s initial response to warning is
substantially less than the cost of its reactions to a Red or Yellow Alert,
SAC can afford to respond more_frequently than the civilian economy.
“These decisions must be made separately and on the basis of evidence
with different degrees of equivocality.

“Initial response,” as the term is used in this study, does not include
launching a retaliatory strike without the possibility of recall, nor does it
include firing ICBM's. These actions are final. They are not likely to be
taken on the basis of ambiguous evidence such as that provided by an
ICBM warning system. Their cost is the cost of World War IIL

Initial decisions are of a preparatory nature, They include: deciding
to prepare for evacuation, in skeleton condition or in strike condition;

evacuation in strike condition with a fail-safe return procedure. By a fail-
safe procedure we mean one_in_which the bombers will return to base
after reaching a predesignated point en route—unless they receive an

L4
-
—
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readying of missiles; takeoff, from peripheral bases or from all bases; and |

order to continue. (Without a fail-safe procedure, this initial decision™

\r%"

| comes close to being a final decision; without recall, i1t s the Final"
‘ decision.) If SAC response is to be speeded, SAC must make these\pre
paratory decisions early and on the basis of ambiguous warning.
Unfortunately, responding to ambiguous evidence means responding to
false alarms. However, if SAC does not respond to false Glawmns, there is
no _gu t it will respond i actual epemy attack. This

—

means that SAC must respond_to_some false alarms.with decisions for~

“preliminary actions, but not with a final decision to strike or launch
ICBM's. In addition to practicing crew assembly, and readmft
the decision process must be exercised.

The following recommendations are designed to increase the specd and
certainty of SAC's response:

Source: http://www.al

® Provide an_alert_procedure, matched to warning time of manned-
bomber attack, for all flyable aircraft.

® Provide for_aircrew availability within the allowable time from

receipt of warning—
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Build on-base housing to ease alert problems, with aircrews
receiving highest priority for such housing.

Study nonduty-hour availability for quick assembly of personnel
living on base.

o Increase readiness of SAC aircraft—
Maintain in combat-ready status as large a part of the force as
possible consistent with training requirements and the flyability
of nonalert aircraft,

For aircraft other than those on combat alert, determine what
kinds of “maintenance can be performed within the warning
time available and what can be done in alert shelters.

Schedule maintenance to minimize the number of aircraft in a
state of maintenance disabling them from ftlying within the
warning time available. Also, minimize the number being
worked on outside the alert shelters.

Implement SAC's incentive plan for increasing re-enlistment, or
a modification of this plan designed to achieve the same
ends.

® Provide for additional pilots capable of evacuating SAC aircraft—

Determine the extent of transition and proficiency flight train-
ing required to enable rated noncrew officers in combat units to
evacuate tactical aircraft.

Provide such training () if the costs are substantially less than
those of maintaining an equal number of fully proficient combat
crew pilots; or (%) if, owing to an interim lack of base housing
or sufficient combat-crew pilots, the alert program is lagging.
Provide on-base housing for all evacuation-proficient pilots, with
priority second only to combat-crew personnel.

e Provide for 24-hour availability of ground crews and_operations
personnel, capable of starting aircraft and directing traffic on duty,
either by—
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Increasing the number of such personnel, or

Building base housing for such personnel, but with lower pri-
ority than for aircrews.

® Establish a system of graduated responses to ambiguous evidence
of attack, which lowers the rate of false alarms as the cost of the response

increases, and consequently speeds reaction as compared with an all-oF~
_nothing response system.

To reduce the substantial time needed for bomb loading, bombs should
be_stored nearer parked aircraft, probably inside aircraft shelters. Alert

bombegs should have bombs on board. Additional bomb-storage sites
near complexes of alternate fields would ease this initial response

problem.

With the warning measures described earlier and such an improved
response procedure, SAC's vital elements would survive a wide variety of
bomber attacks, including some more sophisticated than any shown here.

The cost of improving SAC's initial response capability is estimated to
total about $350 million over a 6-year period.

IMPROVING SAC'S RECOVERY AND STRIKE CAPABILITY

An improvement in recovery caeabilig' is essential because most evacu-
ated aircraft will not be combat ready, will not have full crews,.a full
fuel load, access to undamaged bombs, and appropriate strike ‘plans.
Without this capability only a small fraction of our striking force can
be used. Moreover, for the fraction of aircraft that.evacudtes combat
ready, even when a final decision to strike has béen ‘made, it may be
desirable to wait until a larger, coordinated raid ¢an be mounted, or for
a more favorable penetration time. A recovery-capability leaves the Com-
mander of SAC free to send the ready aircraft 6ff at once or to stage them

_through recovery fields, depending on circumstances.

Two groups of measures are recommended to ensure SAC’s recovery

and strike capability. The first of these includes the following:

® Prepare to use emergency alternate airfields, civil or military, in
the ZI or overseas:
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Give SAC highest priority for emergency use of all airfields,
military and civilian.
Determine the capacity of existing fixed facilities.
Increase the number of usable strike bases in the United States
by extending airfield pavements built to emergency standards.
Supplement the existing fuel available to strike-staging bases and
prestock necessary materiel at strike-staging bases where it is
needed. Provide air transport for other materiel and equipment.
Construct fallout shelters on bases to be used in recovery and
strike-staging.

® Prepare for rapid flyaway from home bases:
Provide a simultaneous engine-starting capability for our bomb-
ers and tankers. This capability should be planned for in the
design of the recommended protected alert shelters.
Modify B-52 and KC-135 tail-folding mechanisms to permit non-
manual unfolding of the tail within 2 to 3 minutes.

Investigate other possible causes of delay from the time of
shelter opening to takeoff.
® Prepare for recovery and striking:

Investigate the possibility of providing the B-47 with a mod-
ern engine to increase its ability to use short runways on alter-
nate bases with no reduction in range, or, alternatively, to
increase its range and lessen its dependence on vulnerable
en route and overseas bases for prestrike staging and to permit
greater flexibility in choice of routes to target.*

Provide B-52 and KC-135 aircraft with assisted-takeoff devices
to increase their ability to use alternate bases with short runways.

A number of engines will be available over the next few years that
will increase the range of the B-47 by about 35 per cent. Among these

*See R. J. Lutz, E. P. Oliver, and L. R. Woodworth, Suggested Engine Replacement for the
B-47, The RAND Corporation, Research Memorandum RM-1679, April 1, 1956 FOUO
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are the Westinghouse J-54 engine and the Pratt and Whitney J-52 engine.
On a maximum-gross-weight mission, a B-47 with the J-54 engine, sup-
ported by a KC-97, could reach 93 per cent of a typical Soviet target
system with no stop en route. Compared with 18 per cent that can be
reached by the B-47E with the J-47 engine, 30-per cent of the targets could
be reached with no refueling. Alternatively, takeoff with a ground run
as short as 4500 ft would be possible with no decrease in present com-
bat radius. B-47's are planned to be in the force in large numbers for a
decade; and with a modern engine that could be installed by 1960, they
can be made more effective in the face of the growing Soviet offensive
capabilities and our own tanker limitations. If necessary, for those B-47's
scheduled to remain in the force for several years, it would be possible
to stop operating their KC-97's and use only part of the savings from
discontinuing the tanker operation to buy new engines for the B-47. This
would increase SAC's range capability. And SAC's strike operations would
be greatly simplified. The total 5-year cost of operating a KC-97 is about
$1.5 million, and this tanker extends the B-47E radius to 2650 nautical
miles. The estimated cost of providing a B-47 with a new engine (J-54)
giving over 2800-nautical-mile radii is only two-thirds as much, $1 million
(including spares). This does #or mean that we are recommending that
the KC-97's be given up, since the 3500-nautical-mile combat radius‘pro-
vided by a B-47 with one of the new engines and refueled by 21 KC97 is
very useful.

The possibility of providing the B-47 with a new engine ‘has been
considered in the past and has been rejected largely because earlier pro-
posals involved extensive depot modifications that weuld have removed
B-47's from operation for extended periods. Howeyer, it appears that at
least one of the engines suggested could be jnstalled at base level. The
Air Force should support this engine-modernization program (1) by re-
leasing one or more B-47's on bailment to the engine manufacturers for

demonstration by actual installation of the field change and (2) by ac-_

“Celerating the engine development and ‘test program. The cost in the first
year of a program for accelerating engine development and installation
tests would come to $15 million. The total cost of equipping 11 wings
of B-47's would come to about $550 million.
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If only a small number of bases were available to SAC for staging a
strike, their use might be denied us by an enemy attack that cratered run-
ways. But cratering a runway is a very difficult task, It can be accom-
plished only on a small number of fields, and even then it requires a large
force. In the critical period immediately following a large-scale enemy
attack, fallout is a greater threat than cratering, if SAC can use only a
small preselected set of bases.

Figure 18, however, shows that there are many bases having sufficiently
long runways to serve as full-strike bases. The terms, “full strike,” “limited
strike,” and “recovery only,” refer, respectively, to bases with sufficiently
long runways to ‘permit takeoff, under emergency conditions, with full
fuel load; more-than-half fuel load, or less-than-half fuel load. (The num-
ber of ‘airfields in each category is based on aircraft ground-roll require-
ments and excludes the effect of our recommended aircraft changes: a
rew) B-47 engine, and assisted takeoff for the B-52 and KC-135.) Re-
covery-only bases afford a place to wait for radiation on other fields to
decay. In this estimate, we have allowed for temperature and elevation.

Number of runways
g

0 [

Full Limited Recovery Full Limited Recarery
strike strike only strike strike only

Fig. 18—Effect of cratering attack on number of usable runways worldwide
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The effective runway lengths were normalized to National Advisory
Committee for Aeronautics standard sea-level day conditions, assuming
that the actual temperatures were typical of June.

Existing stocks of jet fuel have also been looked at. Table 4 shows
how many full-strike airfields, including the 55 SAC bases, now have jet-
fuel storage capacity of the given amounts within 5 miles of the airfields.

Table 4
Jet-fuel Storage Number
Capacity of
(B-52 sorties) Airfields
OVEE 30 oevasiemivms e e 83
b B 3 (7 s | A e PR Ry AL P 21
L1 2 T . S, 63
TOTAL:! Sisciesammassssenciie 167

If there were no usable existing fuel storage at all, the cost of providing
a sufficient amount for one strike, distributed among staging recovery
bases, would be approximately $80 million.

The very large runway-cratering attack, the results of which are shown
in the right-hand set of bars of Fig. 18, fails to deny us more than half-
the bases available—fos~full-strike staging use This attack represented a-
pessimistic estimate of enemy capabilities, from the U.S. point of wiew.
The enemy force is larger than that estimated by the Directorate of Intelli-
gence for a single-wave attack. The CEP is low for the ‘type.of target
considered, and the attrition estimates are favorable to the ‘attacker. Fig-
ure 18 makes it quite clear that airfield denial by ctatering runways can
be made an infeasible job for the enemy.

Local and countrywide fallout, resulting from a massive attack, is likely
to be a much greater threat to SAC recovery-than runway craterings. Fig-
ure 19 shows the contamination of airfields estimated to result from the
delivery of 200 10-MT bombs. This particular pattem of contamination
results from winds that might occur in June, but in the course of the
study other meteorological conditions'and target systems have been tested.
Typical winter winds and winds especially selected to hinder recovery were
tested. The results were not significantly worse than those shown.
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From Fig. 19 it can be seen that a substantial number of full-strike
fields are left with low-radiation levels 6 hours after the attack. More-
over, these results are pcssimistic, assuming an infinite»plane dose and
no shelter. Decay is rapid, and 24 hours after the attack the dose
rates would have fallen to roughly one-fifth the values shown. However,
Fig. 19 does indicate the need for choosing, on the basis of postattack
information, which recovery airfields to land on. It shows that if recovery
fields are chosen before the attack, or without knowledge of how the
attack affected them, the likelihood of landing at a seriously contaminated
base will be great, and many of the surviving aircrews will become casual-
ties. It is impo:;tant to be able to choose, on the basis of postattack infor-
mation, ‘not only appropriate bases for routing bombers on the way to
target but also appropriate targets to attack. In order to make a sensible
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Fig. 19—Contamination of U.S. airfields 6 hours after an enemy attack
on SAC, ADC, and cities, with 200 10-MT bombs
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decision we need, for choice among preferred strike plans, gross data on
what is left of the enemy force to attack, what is left of SAC to attack
with, and what is left of U.S. cities to defend. Otherwise, after a massive
attack in which the enemy uses most of his force, we can spend what re-
mains of our SAC in attacking facilities he no longer needs in defense of
U.S. cities that no longer exist and leave him essentially unscathed.

These information requirements suggest the need for the other group
of recovery measures—

® Establish communications connections within the complex of
recovery airfields and command posts:

Provide SAC bases and dispersal sites with a remote radiation-
monitoring system for measuring fallout.

Our studies indicate that even small attacks on key cities would disrupt
SAC telephone communications within_the United States and from the
United States to overseas bases. Coordination between SAC and CONAD

Source: http://www.albertwohlstetter.com

would be impaired and SAC's ability to recover and counterstrike would
be seriously delayed. Moreover, SAC’s high-frequency radio backup
network is vulnerable to attack, to jamming, and to enemy passive sur-
veillance. In any case, a large part of it would very probably be blacked
out, during the critical period right after attack, by the H-bomb effecton
the jonosphere.” This leads to the following recommendations—

Develop and procure mobile ground headquarters and control
centers that can be relocated at intervals before an attack and,
if necessary, moved during the recovery phase. These units
should carry both ground-to-air ultra- and yéry-high-frequency
radio facilities, as well as medium- and-high-frequency trans-
mitters and receivers.

Provide, at each SAC base for(protection against the ICBM,

sheltered control rooms and protécted terminal lines, both de-
signed to withstand at least 200-psi overpressures.

*See A. K. Harris, Effects of Nuclear Detonations on lonosphere, AFSWF ITR-929,

May, 1954 (Secret).
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Provide a number of mobile microwave relay vans and long-
range communications vans stationed at dispersed locations,
away from target areas, for purposes of backup and restoration
of service in damaged areas.

Intensify research and development on the following items:
(1) mobile relay vans using forward scatter and meteor-burst
communications; (2) airborne relay communication centers for
SAC; (3) a USAF forward scatter grid network serving the
continental United States.

Figure 20~illustrates, schematically, a possible SAC communications
net. The essential elements of such a systém are the many command posts
on SAC bases, hardened against attack, and mobile backup communica-
tions for emergency use to supplement the peacetime net. With mobile

ground radio backup links, the communications system can be extended
quite cheaply, including the cost of exercising it in peacetime. We have
included the cost of full-time circuits. But even these costs are small on
the scale of SAC expenditures.

X SAC Hg SAC
OFFUTT overseas staging
Video
March Westover
15th AF Hq Q Bth AF Hy
Barksdale Alternative control room
Full pericd mudtipoint, Ind AF tg
teletype and voice
17 SAC bases
0 PO B0 B Q) ke Didsinfy
Pricrity diaing, teletype and voice
[ B | B EH B B W W5 50 wing bases and salelites
A A A A A A A A A 20Hhdshiestaging bases
A A A A A A A A A 50lmitedstrike fields and 400 recovery fields

Fig. 20—Proposed communications network for SAC recovery
{typical circuits)
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So far we have discussed the use of alternate bases for recovery. What
are the possibilities of using SAC wing bases for recovery after these
bases have been attacked? There are some clear advantages to their use:
They have long runways, jet fuel, communications, and essential and
costly ground equipment. Moreover, many base elements will have to be
sheltered against ICBM attack. If we provide some additional protection,
the probability of our being able to use SAC bases for recovery after
manned-bomber attack can be substantially increased for a considerable

range of bomb sizes and aiming accuracies. The use of SAC wing bases

—forrecovery, while it cannot be counted on with high confidence, would
be a useful supplement to the alternate-base system. i

Peacetime exercises are absolutely essential for all parts of the recovery
plan. Without realistic exercise of the system, we can have no assurance
that the complex task of mounting a strike can be carried through. This
is one of the positive virtues of the response scheme discussed above: The
randomly occurring false alarms that would result from the operation of
such a system would provide realistic exercise for all phases of SAC's
response, including recovery. If SAC could not recover from an exercise,
it is unlikely that it could ever recover from a raid!

Improving and speeding the recovery process is comparatively inexpen-
sive. In total, it will cost about $500 million over a G-year period. A re-
covery capability is essential if we are to preserve the strike potential of
aircraft that are less than fully manned and completely ready for the
strike mission—the largest part of the force—at the time they, are most
needed. And it gives added flexibility to the SAC Commandes-in-Chief in
his use of the combat-ready part. Having the capacity to"recover aircraft
and launch them on strike does not, of course, compel all of an initial
attack to go through a recovery phase—it merely makes,it possible. The
commander can choose to send the ready part of the force at once or as
part of a coordinated later wave.

It may be objected that we have(little\or no recovery capability now
and that there are many uncertainties in any program to obtain such a
capability. This is true. The exact portion of planes not fully ready and
manned when the enemy attacks but that can be recovered after attack
will depend on many events, only some of which can be planned for. But
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it is also true that we have no alert force ready for combat now, and the
exact portion we can hope to have ready and on its way in the short
warning times to be counted on is also extremely uncertain. But we do
know that the combat-ready part of the force that will take off will be
only a small part of the total, and a minority that will be subject to chance
variation. A recovery capability is needed because:

First, it provides the on!z chance to_use the large part of the
force that will be less than fully ready at the time of attack;

Second,_it offers a second chance to use any alert bombers that
did not in fact get off combat ready; and

Third, it gives SAC added flexibility in the use of its ready force.

A recovery capability represents a net addition to an improved alert
capability, an addition particularly to be valued in the light of a frank
appraisal of the uncertainties of the alert.

DEFENSE AGAINST ICBM ATTACK

How will the advent of a Soviet ICBM affect the vulnerability of SAC?
It Tardly worsens SAC's_cirrent_position, but_the ICBM will change
things. A program designed to decrease our vulnerability to aircraft attack
could very well be inadequate against the ICBM. This would be true, for
example, of a program that omitted aircraft shelters. While shelters
are useful against manned-bomber attack, they are essential against
ICBM attack.

Studies made at RAND and elsewhere indicate that decoys and counter-
measures make a leakproof defense against the ICBM even less attainable
than against the manned bomber. This does not mean that active defenses
have no importance, and there are some useful interactions between active
and passive defenses, but the most important component of an anti-ICBM
defense for SAC is shelter.

Provide Warning

The Air Force is considering distant early warning against the ICBM.
“Distant” in this case is intended to mean some 15 minutes of warning of
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incoming ICBM’s. A number of critical actions are being taken on the
assumption that this amount of warning can be relied on. For example,
the proposed SAC Combat Alert has been referred to as a "15-minute
alert.” Concepts of operation of our own ICBM and of the Navaho are
being formulated with a 15-minute-readiness requirement.

But can we count on getting 15 minutes of warning of an ICBM attack?
Such warning might come from (1) surveillance of ICBM launching sites;
(2) a distant network of special radars intended to detect ICBM's in
flight; (3) a distant airborne infrared detection system; (4) differences

in theAtmen{-firing of an ICBM volley.
Th&Sirst of these has the limitations of strategic warning discussed

earl'ieEpl'u!wb‘e problem of extremely short transmission time.

The secopd source of warning is subject to important limitations
that make it clear fhaf i _cannot be relied on to provide 15 minutes

ot warning—

Little is known about how the very small meteors will look to
the large ICBM-detection radars, but some of their trails will re-
semble some ICBM trajectories. A minimal-altitude ICBM trajec-
tory might pass confusingly close to the region of meteor trails.

Meteor-trail echoes in the side lobes of the radar pattern would
be particularly harassing.

It is known that when the sun is within many degrees ‘of the
main radar beam it will "blind" these radars. This would\hap-
pen regularly to far-northern radars looking at the \northern
horizon.

Antiradar coatings (such as those now being.¢onsidered for our
own ICBM) might reduce the detectabilify of enemy ICBM's.
Induced noise might be produced by ‘placing small decoys in
satellite orbits. (Such a tactic would,.also interfere with Soviet

radar detection of our ICBM’s, but the Soviets would clearly
have better alternative sources of warning from intelligence.)

Perhaps the most effective countermeasure for the Soviets would
be the jamming of our radars from aircraft and ships well out-
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side U.S. and Canadian territorial boundaries. Intermittent jam-
ming could produce an intolerably high false-alarm rate if SAC's
only response were the launching of the alert force.

Finally, the development and installation of radars that would
provide any useful warning of ICBM's depends on several major
technical advances. The possibility cannot be excluded that this
development would take considerably longer than the crash
schgdule now projected and that in fact it might not work at all.

)

& thirdeOurce of warning is infrared detection of the hot exhaust

amc ot ballistic missiles during powered flight. It may be possible to

detect mussiles at a range as great as 1200 nautical miles from aircraft
equipped with infrared detectors flying at 40,000 ft.* Development of
such deteCtors raises the possibility of stationing AEW aircraft around the
borders of the communist bloc and maintaining a constant infrared search
of peripheral areas. However, this system, while useful, cannot be counted
on for certain and unambiguous warning, since it will not be able to de-
tect launchings from remote interior areas and it may be susceptible to
Soviet spoofing.

In any case, the U educe rotal flight ti ) ZI bases
from the usually assumed 30 minutes to 15 minutes or less by modifying
a 5500-nautical-mile-range missile and launching it at the sMges
possible from points in Soviet territory nearest to the U.S, and by follow-

ing low, nonextremal flight paths. The resultant flight times to SAC bases

in the United States and times from detection to impact are shown in
Fig. 21. The time required for interpretation of infrared or radar returns,
communication of the warning, and decision to act would further reduce
these short times. Moreover, warning from an infrared or radar detection
system would not be available if the enemy used end-run tactics. Sea-
launched missiles could flank a northern line, and a c/osed warning ring
would be essential.

*For a more detailed discussion, see W. W. Kellogg and Sidney Passman, Infrared

Technigues Applied 1o the Detection and Interceprion of Intercontinental Ballistic Missiles,
The raND Corporation, Research Memorandum RM-1572, October 21, 1955 FOUO
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Fig. 21—ICBM launched from the Soviet Union—times from detection to impact
(low trajectories)

The bomb- stem we have d on page 49'in connec-
tion with sneak bomber attacks takes on a new unpoztance in the light of
WMWE& It presents a
much less formidable requirement both in cost and in"the t?Chl:J.ical prob-
lems of carrying it through. And it guarantees at lea.st_ a brief m.terval of
warning against even the ICBM. But Jbow brief this interval will be de-

pends on the degree to which the enemy can limit the irregularity of ICBM
arrival times at fifty or so separate points. This brings us to the fourth

source of warning li ove. . o
Reliance onq_he fourth type of warning, a lack of simultaneity in the
e — ——
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enemy'’s salvo, offers a powerful incentive for him to achieve simultaneity.

It appears probable that such warning could be reduced well below
15 minutes if the enemy planned to ready missiles for launching, hold
them in this state as long as feasible, and then fire only those ready to go
at a prearranged time. This would mean building, at some extra cost,
more missile-launching sites than would be required if timing were not
critical. But if this enabled the Soviets to destroy SAC, the extra expendi-
ture would be worth while. In short, while this fourth source of warning—
a bomb-alarm system—is important and should be pushed, it cannot be
counted on to supply 15 minutes’ notice.

None of theisources for the estimated 15 minutes of warning against
ICBM attack offers a reliable basis for defending SAC. They all depend
on the.enemy's not taking a course of action that is advantageous and
feasible for him. But even with 15 minutes of ambiguous warning, it is
Mfﬁl that many SAC aircraft could Fly off, and very much more
unlikely that the final strike with SAC bombers, or the decision to fire -
‘the ICBM or Navaho, would be made on this basis. TR

While 15 minutes of warning cannot be relied on, even 3 to 5 minutes
of warning would be useful. It would permit SAC personnel to dive into
nearby shelters. With the bomb-impact alarm system mentioned earlier,
any lack of simultaneity in the ICBM volley would increase the amount of
warning. This leads to the following proposed measures:

® Improve our ICBM_ raid-recognition capability. Investigate
the feasibility and cost of close-timing an enemy ICBM volley,
making use of our ICBM development program for this purpose.

e Develop (a detection device su ivi
5 _minutes 7 ing of an ICBM attack—one that

can be operational by 1960. If investigation shows that we can-
not reliably get this much warning from the raggedness of the
volley, procure the detection devices to provide 3 to 5 minutes of
warning. Such detection devices would, in any case, be a part of
any active defense system against ICBM’s.
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Provide Alert Shelter for

Figure 22 shows ha

Accelerate development of distant radar and infrared detec-
tion systems. More warning than this minimum is valuable, alnd
development of systems providing more, if less reliable, warning
should be pushed with somewhat lesser priority, provided always
that the false-alarm rates achievable will permit some useful
response. If we get more warning, of course, we should use it.
In fact, the fast-acting alert shelters described in the next section
would help to exploit any delays between warning and ICBM
impact long enough for flyaway. But their utility is not de-
pendent on these longer warning times.

jtal Elements

‘( blast-resistant sh

of aircraft, persoapel,-and—otherVital elements given an TCBM™

attack. The attack shown, postulating 4 hits in each of 55 target areas,

Percentage of sheltered elements surviving

Shelter hardness (psi resistance)

p BT
4 5 100
Lo shelter
Fig. 22—Effectiveness of shelters against ICBM attacks
(4 ICBM hits per target area)

is a large one and corresponds to an enemy salvo-launching capability of
about 500 missiles. With shelters designed to resist a pressure level of
100 to 200 psi, it is clear that a missile with a 1-MT warhead delivered
with 5-nautical-mile CEP is ineffective. The 1-MT, 2-nautical-mile-CEP
vehicle is somewhat more effective, but even against an ICBM having a
5-MT warhead and a 2-nautical-mile CEP, 200-psi shelters do quite well.
Shelter, unlike dispersal, does more than match the enemy’s delivery capa-

bility with a U.S. target one for one. It gives disproportionate benetits:

For example, the enemy would need 16,800 missiles with 1-MT war-
heads and.5-nautical-mile CEP to kill 80 per cent of a SAC force pro-
tected to 200 psi. This should be compared with the 250 missiles capable
of destroying this part of an unprotected force.* Analysis has made it
clear that protection against overpressures of the order of at least 200 psi
is vital. And, as _recent work has shown,' resistances of at least this order

care feasible. Structures with higher than 200-psi resistances are under

investigation, and it may be desirable to build stronger shelters. Even in
the range already investigated, further exploration of ways of getting
any specific degree of blast resistance is needed.

“The tactors determining these results may be suggested by the following: The lethal
radius of a 1-MT bomb airburst against an unsheltered bomber is about 26,000 ft. Even with
very large inaccuracies—for example, a CEP of 5 nautical miles—the ratio of lethal radius to
CEP is little less than 0.9. If we apply the familiar methed for determining the probability of
destroying a point target, the resulting estimate of the single-shot probability of destruction is
about 0.4. Of course our bomber bases are not points. They occupy a considerable area. But
the "point coverage” calculation suggests the outcome of an area-coverage experiment. Given,
for example, 65 adjacent “points,” that is, tankers and medium bombers on the parking aprons
of the planned one-wing B-47 bases, the expected destruction by a small number of 1-MT
bombs with a 5-nautical-mile CEP could be surmised to be quite high. That this expectation is
high has been demonstrated by the outcomes of a large number of random bomb-drop experi-
ments using actual base layouts; it is also illustrated by the 250-missile Soviet force require-
ment quoted above for the destruction of most of SAC in 1960-1961.

"The feasibility analysis is contained in two reports by Paul Weidlinger and Mario
Salvadori. The analysis was carried out under a contract with The RaND Corporation and the
reports have been submitted to the Corporation, The titles of the reports are as follows: Report
on. the Dynamic Strength of Rigid-Plastic Beams under Blast Loads, by Paul Weidlinger and
Mario Salvadori, The ranp Corporation, Rescarch Memorandum RM-1806 (to be published);
and Pructical Estimated Limits of Blast-resistant Steel Shelters, by Paul Weidlinger, The nanp
Corporation, Research Memorandum RM-1777 (to be published) C(4)

Research Memorandum RM-1777 describes the B-32 shelter shown in Fig. 23.
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The alert function of the alert shelter is as vital as its shlelter function.
The shelter must permit the launching of combat-ready f11rcraft and th:*::l
evacuation of non-combat-ready aircraft before the arrival of manne
bombers. And expected high radiation levels after a'ttack make the allov;r-
able exposure of aircraft and ground crews during launch. extremely
short. An aircraft shelter can also shield, at little cxtra} cost, vital person-
nel, bombs (with ready access to bombers), and atr~launchet'1 decoys.

Figure 23 shows one design of an alert shelter f.or the B-52. This shn?iter,
of conventional structural design, is made of reinforced con_crete with a
steel toof. The aircraft is raised and Towered on a counterweighted eleva=—
______..,_-—-"

Fig. 23—B-52 shelter—plan and elevation views
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tor, and the segmented steel roof slides off to the sides on rollers that
do not bear a load when the roof is closed. Fast operation of the shelter
has been required: the room is designed to open in 1 minute and the
elevator to rise in another minute. Figure 24 shows how the cost of this
shelter varies with its resistance to blast over the range of 50 to 200 psi.
At 50 psi, the cost would be about $900,000, and at 200 psi it would
come to about $1.6 million. The uscful life of such a shelter can be ex-
tended, it appears, by using it to shelter the ICBM, Navaho, or other

~vehittes;and this later use should be planned for in the initial design.

B-47 shelters of-the same type would cost about 65 per cent as much as
the B-52 shelters.

Othegy“more novel, structures are under investigation, and we recom-
mend that the Air Force urgently pursue a program of research and
development and testing of such shelters for aircraft and other elements.

1f\the US. ICBM force of 120 missiles based as shown in Fig. 9
(page 28) is modified by the shelter of all vital elements, the Soviet

2000 —mezmnmen

Cost (thousands of dollars)

500

0 50 100 150 200
Shelter hardness (psi resistance)

Fig. 24—Trend of B-52 shelter costs with increased blast resistance
{reinforced concrete with steel roof}
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would be increased greatly. It takes, for exam-
llowing for availability and aborts, to .destro_y
his system if it is toughened to 200 pst. (Tlh;s
is the force assuming enemy attack on the most highly concentrated v;/t[z'ill.
elements—the guidance sites.) Figure 25 show.s. t_he lethal area f’f a 1-MT
and a 20-MT bomb against elements of a missile clomplex “‘r:th 2l')0-'p51
shelters. There are many problems yet to be solved in sheltering missiles

their associated equipment, and we do not maintain that 200-pst
our missiles as for our

force needed to destroy it
ple, 7600 missiles, before a
an expected 80 per cent of t

and
protection is optimal._l’t‘_isilﬁr,_hcmwever, that for

A Launch complex
A Guidance station

Scuadron 3

1-MT lethal area
20-MT lethal area

Fig. 25—Layout of an ICBM (SM-65) provisional group and lethal afeus
of thermonuclear weapons against elements sheltered to 200 psi
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bombers, there is no substitute for shelter against the ICBM. Conse-
quently we recommend that the Air Force— S

e Accelerate a program of development of shelter for missiles
and other vital ground elements. A wide range of over-
pressures should be investi gated.

Soviet ballistic missiles are not the only inaccurate weapons likely to
threaten SAC during this period. Submarine-launched missiles, air-to-
surface missiles, and supersonic manned bombers are likely to have CEP's
exploitable by shelters. But even if we were to have much tougher shel-
_ters than those shown in Fig. 22—tough enough to resist everything except
inclusion in, the crater and lip—this would not be’en a_principal

defense apainst more accurate subsonic manned bombers dropping high-
yield weapons.

DEFENSE AGAINST JOINT ATTACKS
A defense program capable of handling a pure ICBM attack would be

inadequate against a joint ICBM-manned-bomber attack. I‘t_'i;;le'c_cssary
to consider both threats in the 1960’s, because their joint use will be more
effective than either used separately. It is also necessary to consider at
once the best defense tor both the 195075 and 1960's, because decisions
made now will determine our legacy for the later period. T
I theeremy used-ar TCBMattack 16 deposit fattout; to delay evacua-
tion until manned bombers arrived, these manned bombers would kill us
in our shelters. The orange bars of Fig. 26 show the calculated radiation
levels on 55 SAC bases after an ICBM attack. An attack using 500 mis-
siles is shown. If we permit our crews to absorb no more than 100
roentgens, and with the recommended quick-opening shelters, alert crews,
simultaneous engine start, and short taxi distances, then a base having a
1-hour dose rate of 3000 roentgens would have a delay before takeoff of
about 2 hours. And as Fig. 26 shows, one-half of the bases have more than
this radiation rate. Figure 27 shows that over one-third of our bases could
be hit by the follow-up manned-bomber raid before they could be evacu-
ated. The follow-up attack is based on the penetration times from the
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on 55 SAC bases 1 hour after an ICBM attack

Fig. 26—Radiation level
. (500-missile force)

erimeter recommended. Without improved watning,

improved warning p :

lower radiation levels would delay us long enough to be kil. e
“2ld or enhanced weapons, much higher Fadiation levels and
t—high enough for all. of our aircraft to

with larger-y
consequent delays would resul

be caught on base. N
The results of this part of the analysis em hasize the im

anticontamination measures. all .
the most important one proposed is a m wving-water film that keeps se-
lected paved areas clean during the whole period of fallout.* Our calcu-

lations show this to be a relatively inexpensive measure capable of reduc-

ing radioactive contamination by a factor of 20 to 100. Figure 26 shows

e of

rt

The Effects of Fallout on Airbase Emergency Opera-

-
_E. Hill and Marc Peter, Jr.,
s e The ranp Corporation, Research Memorandum

sions and Some Possible Countermeasures,
RM-1629, February 7, 1956 FOUO
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ere are several such measures possible, and

30

HNumber of bases

Bomber arrival Bomber arrival Bomber arrival
before evacuation during evacuation after evacuation

Fig. 27—The effects of fallout from an ICBM attack in delaying evacuation
until the arrival of manned bombers (improved warning system)

the calculated radiation levels at 55 SAC bases after an ICBM attack with
and without anticontamination measures. Even on the low estimate of
washdown effectiveness, the radiation level on all bases is within the
0- to 500-roentgen-per-hour interval. Several other measures (for example,
body armor and ground shields) yield definite but smaller additional
gains. The low dosages achievable by anticontamination would permit
quick emergence from shelters and flyaway.

Another possible “pinning down” tactic is the classic barrage attack
that attempts to hold aircraft in shelters by repeated hits in the target
area while manned bombers penetrate carrying large bombs. This tactic
is_countered by such measures as increasing reliable early warning radar
cover against bomber penetration, and by shortening exposure times of
Pombers after emergence from shelter. The Soviet missile force required

to do this can be made infeasibly large at a moderate cost—for
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example, much larger than the 16,800 missile force referred to above.

To protect the strategic force from destruction by a coordinated Soviet
ICBM and manned-bomber attack in the sixties, it is absolutely essential
that a program to provide shelters for the flyable portion of the strategic
force be pursued vigorously; hence the protective aspects of the shelter.
On the other hand, there is no realistic alternative to evacuation by SAC
before enemy manned bombers arrive; hence the alert shelter's alert
aspect. It should also be observed that fast action of the shelter would
Be helpful against late-arriving ICBM’s. A detailed study of the nature
of the threat and of the opportunities for protection leads to the following

recommendations:

e Design several possible shelters that would provide at least
200-psi protection for aircraft and simultaneously serve as alert
hangars. :

® Test the resistance of components of such structures to large-
yield weapons as soon as possible.

e Program for shelter construction on a scale that would provide
alert shelter for all flyable aircraft scheduled to remain in the

strategic force until 1965.

o Construct alert shelters on a schedule that would ensure that at
least one-half of the strategic force would be in shelters by 1960;
the remainder by the end of 1962. These shelters shouldbe de-
signed to be used by later vehicles entering the stratégic force.

The measures we recommend for personnel protection may be sum-

marized as follows:
e 0155 SAC home bases—

Design and construct personnel blast and radiation shelters re-
sistant to at least 200-psi overpressure for protection against
ICBM attack, and to much highef resistance for the protection
of ground personnel assisting in evacuation.

Design and construct washdown anticontamination systems to

speed aircraft flyaway.
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Prow"de. rmz.:zel_f, shielded vebicles, or some alternative method
permlttlu}g immediate personnel movement after ICBM attack.
In addition, shielded bulldozers will be needed to clear debris
from airfield pavements.

® On approximately 1000 recovery bases—

C.an_r:mrt simple antifallout shelters as protection against radia-
tion from countrywide fallout.

CONNECTION BETWEEN THE MAIN GROUPS
OF MEASURES

We.have emphasized at the outset that each of the main groups of
measures proposed is needed, but none by itself is sufficient—

° Without measures that increase the enemy's raid size, a lethal
aircraft attack is possible that is too small to give us reliable
warning.

° \Y{ithqut improved warning and response, a large lethal attack
will find us on base and will kill us; if 1t does not kill us, it will
at least seriously delay us. '

e Without improved recovery, we are throwing away a major part

of our force and restricting our use of the small remainder
- —

Not every item in each group is irreplaceable, but certain measures in
each group are urgently needed.

COSTS

The total cost of the four main groups of measures estimated over a
G-year period is shown in Table 5.

Most of the cost of the program is in the first two categories. The first
group includes chiefly aircraft shelters for the flyable B-52's and KC-135's
(85 per cent of total assigned to each unit), and for the 11 wings of
B-4.7's and KC-97's scheduled to be in the force until 1965 or later. The
major item in the “improved warning” category is the cost of relocating
SAC units from our exposed east and west coasts to the interior.
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Table 5
Millions of

Dollars
i i i 1, S S e R LA 1730

Increasing enemy raid requirements .. :
Ir::provedg warning (including SAC unit relocation) ...... g:i
Improved SAC initial response .. ... iy o
Improved recovery and striking capability .......o.ieeeee B
TOTAL-CHST s shoisnisia s st s g - ST Vs ea mmey i

AVERAGE ANNUAL COST..ocvnrereinrrnnnreenseeres
Table 5 does not include the cost of a program to provide new engines
for the B-47. Should ope be undertaken as the result of the tests we have

recommended, the total cost of equipping 11 wings would be about

4550 million over the period. It could be largely finance.d, if necessary,
rations with a net increase in B-47 combat

out of savings in tanker ope b e .
: edule for the major items recommended is

radius. A proposed funding sch
given in Table 6.

Table 6

COST OF THE RECOMMENDED PROGRAM BY FISCAL YEARS
(Millions of dollars)

FY FY FY FY FY FY

Item 1957 1958 1959 1960 1961 1962

i 15 287 195 49 veu W

miﬂ?m 7 52 120 | 72 48 (| 42
Shelter 10 280 480 480 480

Personnel protection 67 62 62 40 . 0

Communications 20 66 71 63 30 3 :
Alert and response 18 22 5 5

Fuel storage o 20 30 30 . 20
Other 8 35 40 32 20

ToTAL 60 l 825 l 1020 l 793 ‘ 623 ~ 97

These costs are subject to all the uncertainties inherent in estimates of
expenditures for so distant a future. Some of them—for example, the
shelter cost estimates—depend on the outcome of a research and develop-
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ment program. Because a considerable part, but not all, of these costs will
vary with the number of bombers in the SAC force (for example, the costs
of shelters, but not of warning), the largest uncertainty concerns the size
of our future strategic force. The costs shown were based on a May, 1955,
force projection. However, it should be emphasized that these RAND-
estimated costs include not only direct outlays, but the costs of training
and support as well—a total Air Force slice. (The more familiar Air
Force cost estimates include procurement and construction, but little
more of the operating cost than direct-personnel salaries.)

The $560 million annual cost of this program is a respectable sum of
money, but it should be looked at in relation to the scale of SAC expendi-
tures. SAC.is expected to cost between $6 billion and $8 billion a year
between now and 1965. Some fraction of air defense is intended for
SAC, and air defense as presently programmed will be costing in total
about$6 billion per year by 1961. The proposed measures to provide a
secure force add about 5 per cent to the combined cost of SAC and SAC
defenses over this period.

We tressed that we must have protected stratepic power at any
level of force. WMD_@EH-
able the program should be paid for by reducing force size by 5 pe;_cent,
since uncertainties in Soviet capability call for a large SAC. In any case
there are, it appears, more appropriate sources for funds. And, of cours
when one considers the basic function of retaliation, expenditures directe
toward this goal, not only in the Air Force but in the other services, shoul
be examined.

We regard this program as a minimum. Three years will elapse after
decisions are taken before there is substantial improvement in our posi-
tion. This program could be accelerated at some extra cost, but there are
necessarily lags in funding, in research and development, in procurement,
and in construction. During this period we must accept the risks of attack.
However, we should not accept further delays before initiating action,
especially since the decisions to be made now do not involve commitment
to the entire program proposed.

The measures we have proposed range from preliminary investigation
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of specific problems to final procurement of some end items. Where
preliminary action is indicated, cost in dollars is often low (for example,
initiating design of aircraft shelters; starting negotiations with Mexico for
radar sites; test of low-altitude radar effectiveness; study of ICBM timing;
investigation of B-47 engine replacement). But the cost in time is great.
These immediate actions (in Fiscal Year 1957) will cost about $60 mil-
lion. Morcover, in the absence of a decision, future commitments will be
made that will later require correction at considerable extra cost. For
example, any new SAC base to be located near the coasts clearly will be
untenable by the time its construction is completed.

DETERRENCE AND EFFECTIVENESS OF
ALTERNATIVE SYSTEMS

- Figure 28 shows how a SAC protected by the proposed measures would
weather an attack in 1961. Over 80 per cent of the bomber force survives.
But the problem of defending an oifensive force is not so much to enstire

2000 ~

1500

T

1200 |-

-

b=3

E=4
I

=
s
L

same aftack phs
250 (CBM's

Fig. 28—Survival of SAC protected by the recommended system
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merely its survival as to ensure its effective employment. The principal
measures of effectiveness in the study, therefore, use the results of analyz-
ing two-sided campaigns in which the surviving parts of the SAC force
were routed from our own bases through the enemy defenses to target.
The next figure shows the result of a campaign in which the targets at
tacked are Soviet urban areas. This does not mean other targets are unim-
portant, but in-each of the situations treated here, our strike occurs after
the greater-part of the Soviet strategic force has been Iaunch.ed. ‘Qur
principal deterrent, then, must be our ability to destroy their cittes.

In Fig. 29 we show the target-destruction capability of the SAC force.as
currently planned, but with some extra aiccraft, and of some altcma'tlve
systems, including the one we are recommending. Each system was given
$5.4 billion additional to spend over the G-year period.
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Fig. 29—Estimated destruction copability of four equal-budget ($3.4 billion)
strategic systems in the foce of a joint ICBM-bomber attack
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In the case of the planned system, this extra budget was spent on in.
creasing the bomber and tanker force. It provides 90 more B-52's and 60
KC-135’s. This only increases the number of points at which Soviet
ICBM’s find SAC from 55 to 61. Two levels of performance of this
planned system are shown, based on two estimates of the SAC response
capability: (1) with none of the force on combat alert and (2) with one-

O third of the force on combat alert. With no improvement in alert and
O response over our current position, little of this force would survive an
s initial joint missile-bomber attack by 250 ICBM's (before degradation
+= for unavailability and aborts) and 300 Bears. Follow-up attacks were as-
@ sumed to use 500 heavy and medium bombers. Most of our few remaing
) bombers would have difficulty penetrating Soviet air defenses, even if
L they could somehow recover and regroup in the face of countrywide fall-
O out and the enemy reattack. Actual target destruction could well be less
E than the 8 per cent shown. )
@ This system would perform better with part of the force on combat
Qalert. but it would suffer from lack of warning. In the face of a well-
(Ctimed ICBM actack, most of the alert force, as well as practically all of
=the nonalert part of the force, would be destroyed. That part of the
alert force escaping destruction by ICBM's would not suffer further artri-
;rion from a follow-up manned-bomber attack, and a quick-reacting force
T=should do berter than one with a slow reaction (under some circum-
_,gﬁances of enemy attack-after-feints. for exampie. it may do worse)—but
Ehardly well enough to provide a deterrent. If the enemv missile force'is
. .as large as 500, and if it 15 launched with less raggedness, then the targer-
Qdestruction capability of the system, even with one-chird of it-omcombat
alert. goes practically to zero.
If we provide all of the proposed measures except a good recovery capa-
(UNbility. and have a combat alert (middle bar of Fig 29). most of the force
survives a surprise attack. But we can count on being able to use only
those sheltered bombers that are on combat alert. Doing this is a gamble
on the enemy’s air defense. There are large uncertainties about Soviet air
defense kill potentials, and in the campaigns shown here, individual
fighter and missile kill potentials were used that are only a fraction of

920

those often assumed for the U.S. air defense forces. Such an attack by a
combat alert force only would be small, would penetrate :flopg knowp
routes, and at a time selected by the enemy through the timing of b
attack. Our alert force might have to penetrate unaccompanied by groum;‘]-
taunched decoys, because there would be no fail-safe procedurg for their
recall. (While manned bombers can be launched if it is uncertain whether
or not an actual attack is under way. ground-launched decoys'must be
delayed until there is ironclad evidence of an attack. Under likely cis-
cumstances -the_decoys would penetrate too late to help the .mnnned
bombers.) [f enemy attrition has been estimated too If)w, and if many
target 'areas were visited, then much less damagc.: will be done than
Fig.(29 shows. If attrition has been estimated too high, then too few tar-
gets will be visited. Finally. depending exclusively on a combat alert
means putting our offensive force in the awkward position of a dcfcr?sc
force. It can be feinted out of position and attacked shortly after being
recalled back to base. .

This discussion is not intended to imply that a -combat alert force is
without value. Having the capability of launching a quick first strike
against Soviet bases is important. We have stressed throughout this report
the importance of shortening SAC's response time, and it is certainly much
easier to have bombers combat ready before a surprise enemy attack than
to have to ready them afterward. But we wish to emphasize (1) that a
combat alert alone will 7o provide a secure SAC force in a period when
the Soviet Union has the ICBM: and (2) that we cannot afford to throw
away two-thirds or more of our force.

The system protected by the proposed measures has by far the largest
target-destruction potential: 85 per cent of the target system. It can choose
to operate in a two-wave manner: A combat-alert force can be used in a
reflex manner, followed by a strike with the recovered two-thirds of the
force. Or, if condiuons permit. the entire force can be brought together
for a single coordinated mass attack. It can make this choice depend on
the ciccumstances of the actual enemy attack. Therefore, it completely
dominates the other systems. This system offers swo shots at the enemy
rather than staking everything on one.
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SOME OTHER ALTERNATIVES

ints t attack is useful, but
I ing the number of points:the enemy mus _ .
sol: Cdr:;sel:fence on dispersal does not provide an adequate fiefense. Fig-
ure 30 shows that if we were to spend this ad@t{onal $3.4 billion budge:1
by going to squadron dispersal (126 bases) fot n@f SAC, we woul
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fig. 30—Added protection of SAC achieved by dispersal-alone
{$3.4 billion spent on dispersal alone}

have no assurance of protection.
of our bombers surviving would b
more effective enemy attack would
presently planned.

Figure 31 shows what wotxld‘hap
tional active defense—in this case,
defense, practically none of an att
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Against a_300-Bear attack, the number
e doubled, but a somewhat larger or
Jéave us no better off than we are as’

pen if this sum were spent on addi-
Talos units. With this extra active
acking force of 500 bombers flying

at medium altitudes and employing no penetration aids get through to

"
. .
. .

the bomb-release line. However, this defense cannot be depended on. If
the enemy uses air-launched decoys and electronic countermeasures,
enough of the force survives to destroy a large part of SAC. Finally, such
an augmentation of our active defense does not provide a defense against
the ICBM.
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Fig. 31—Added protection of SAC achieved by active defenses alone
{$3.4 billion spent on Talos}

The same budget might be spent on keeping more aircraft aloft at all
times. The futility of such a policy is evident from Fig. 32 on page 94.
With this sum, we could increase the average percentage of SAC aircraft in
the air from 4 per cent to only 9 per cent. And at the time of attack the air-
craft aloft would be, on the average, less than one-half loaded with fuel.
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V. CONCLUSION

:'é fai-e To have an objective basis for deterrence we need to adopt measures in
“-E i each of the four broad areas described above. The most important specific
%‘ 3 actions in each group are

% ok ® On Warning:

~arly warning perimeter to the south, and

2 '

Programmed system :
Fig. 32—Added protection of SAC achieved by keepi:g ulr;::::t aloft
- ($3.4 billion spent on keeping bombers and tankers a

System vith $3.4 bilon adéed “\._Increase the readiness of crews and aircraft, and

\
7)5 X Change the decision process to speed SAC’s response.

e On Recovery:

Increase SAC's control capacity, to speed and coordinate the use

l of recovery and staging bases.

® On Increasing Enemy Raid Size:

" _Sheltervitat-etements against-the ICBM.

Three main points should be made concerning the $3.4 billion total
6-year cost of this program: (1) it is small by comparison with the nearly
$70 billion now planned for SAC and SAC defense over the same period;
(2) it is dwarfed by the costs of alternative methods for securing an ade-
quate ability to strike back while under thermonuclear attack; (3) the
starting expenditures, that are small, urgently need to be committed now;
but this by no means involves an irrevocable decision on the course of

the whole 6-year program. The commitment in the next fiscal year
amounts to roughly $60 million.

e The cost of other ways to make SAC secure is very much Iarger.

Up to now, in this summary report, we have examined the performance
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85 per cent of 270 Soviet Union urban targets in the face of moderately
high though not extreme Soviet offensive and defensive capabilities. Five
hundred Soviet ICBM's and 500 Bears and Bi§ons are launched against
each system. The surviving U.S. force must then penetrate a Soviet defense
consisting of 130 regiments of all-weather fighters, 165 regiments of day
fighters, and 225 local-defense-missile sites. Each system uses. the various
methods of defense indicated in Fig. 33, and, in addition, has been given
enough extra bombers to be able to survive and penetrate the enemy'’s air
defense and to destroy 85 per cent of the target system.

The first system in Fig. 33 depends for defense mostly on speeding
SAC's response. Two bracketing estimates of the budget required are
shown: (1) With no improvement in response over that currently exper-
ienced, a very large extra force (and budget) is required. (With this slow
response,.manned bombers as well as missiles arrive over base before
evacuation.) (2) With a great improvement in SAC's response, and one-
third of the force on short alert, a substantial part of the force escapes the
manned-bomber component of the attack, but not a coordinated ICBM
attack. The force surviving is then limited by the Soviet ICBM salvo
capability. Even with the much-improved response, a much larger force
than is currently planned would be required. And the outcome is extremely
sensitive to the size of the Soviet ICBM force. We are trading our B-52
squadrons against the number of Soviet ICBM'’s needed to ensure their
annihilation, and in this contest, we are at more than a 10-to-1 cost
disadvantage.

The second system in Fig. 33 shows the effect of greatly multiplying
active defenses against manned-bomber attack. Of the $26 billion annual
extra cost inicurred by this system, $4.6 billion is spent on additional Talos
units and the remainder on additional aircraft. Almost the whole of a
manned-bomber force attacking at medium altitude and without using
electronic countermeasures and decoys is destroyed. However, this defense
does not help against the ICBM. (And it would be quite inadequate
against even a manned-bomber attack of more sensible design.) Like the
previous system, the surviving bombers are mostly those on bases unhit
by the limited Soviet missile force. It should be emphasized that some
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additions to our active defenses now being advocated, such as the exten-
sion of our combat zone to the north, would be even less relevant to the
defense of our retaliatory pOwer. Finally, other weapons than the Talos
were tested, including the Nike, Nike B, Bomarc, and interceptors, with-
e results in any essential respect.

The third system depends Jargely on dispersal. Five bombers are located
at each of 1000 airfields. The 6-year cost of this dispersal and of increas-
ing the forces comes to $20 billion. The cost of this too is extremely sen-
sitive to the level of Soviet offense.

The last system, that with the recommended mix of measures, is almost
identical with the recommended system of Fig. 29. It differs chiefly in
suffering less than 2 per cent additional losses to the attack by 500 ICBM's
as against the 250 directed against this system in the earlier comparison.

The level of costs shown, and the force requirements on which these
costs were based, are affected by the level of capability assumed for
enemy offense and defense and by the level of destructive power we take
as an objective for ourselves. But of course there are uncertainties here.

\What if the Soviet Union has a poorer capability than that used in the
preceding comparison, and a smaller level of destruction is enough t0
deter general war? In the comparisons shown in Fig. 34, a Soviet offen-

sive force only a little more than half that in the preceding comparison
is assumed (250 ICBM’s and 300 Bears). The effectiveness of Soviet air
defenses is also halved. Finally, the destruction of only/40Q ‘per cent of
the 270-urban-target system is required of each system: (‘Ehis is equivalent
to the destruction of the 23 largest cities.) The anoual budgets required
by each system are shown in Fig. 34. Again the systems that depend largely
on one or two types of defense measures aré éxtremely expensive in com-
parison with that adopting measures in dach-Of the four major groups. (In
this case, the recommended system fas)a smaller budget than that pro-
grammed. The $550 million spent:annually on extra defense is more than
offset by the reduction in force size made possible.)

What are we to conclude from the uncertainties made explicit by these
two sets of campaigns? For one thing, they imply that it is very hard to
decide best-force-size questions, to determine how many bombers, etc.,

out changing th
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_500 Bears and Bisons £
Tt would be foolhardy t

ather than 300, and 500 ICBM's rather than 250.
o be optimistic here just because we do nﬁm—

A somewhat similar answer may be given to the question of how much
rotected destructive i will depend on the

thinks are open to him at the time. These may-include

ajternatives %e p
acceptance of a CTUShing efeat in a peripheral war, Of the_probability

of an all-ou United States attack on him, or an number of other cir;
entail huge risks. It

“oould be wrong to suppose that the enemy Wi e is some-

times presented with a choice among cisks. It is impossible to fix the exact
{evel of retaliatory capability Tat we must be able to keep intact in the
face of surprise attack. The fact that the line cannot be sharply drawn
is suggested in the way responsible members of the government describe
the capability we need: “clearly enough,” “solidly sufficient,” enough to
make it “completely plain” or “crystal clear” to the enemy that we will

retaliate with devastating force, etc. But our strategic force as it is planned
ertain estimates of enemy capabilities,

now, even given the low and unc

[ cannot ensure a [evel of destructs

on as high as that which Russia sus-

\tained in World War Il—a destruction_from which it has mo

re than

Vrecovered in a few years. This is hardly the "crystal clear” deterrent we

might need in some fo reseeable circumstance.

Bt the concluding point to be —Je is this: However modést-may be
our desire for a basic deterrent capability, it would be most wasteful and

M fficient to obtain this goal by a method that allows(the preponderant
troyed on the grolind \at the outset by a

majority of our force to be des

surprise attack.
el sl

o The actions we need to take now will-cost about $60 million.
Delay on these is costly, but decision-on the rest of the pro-

gram is revocable.

*In an interview with the press on December 3, 1941, Air Chief Marshal Sir Robert
Brooke-Popham, Commander-in-Chief, Far East, for the British forces stated, “There are clear
indications that Japan does not know which way to turn. Tojo is scratching his head”" As
Japan did not have a definite policy to follow, irrevocably, step by step, said Sir Robert, “'there
is a reassuring state of uncertainty in Japan.” (O. Dowd Gallagher, Action in the East, p. 94.)
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Pt volve small early commitments on long-lead-
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iplomatic negotiations with Mexico for the southern radar line
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Development of an engine replacement for the B-47.
Engineering B-52 and B-47 modifications.

Research and devel i

i opment to give Talos a low-altitude capa-
Survey forthe Gulf of Mexico sonar barriers.

Reésearchand development on forward scatter and meteor burst

communicati y i
nications systems and on airborne relay stations

Delay in this program will i
great risks. program will involve large dollar costs later as well as

The following items are low in ultimate total cost:
Dispersal and toughening of bomb storage.
Development and procurement of a bomb-alarm system
Test for low-altitude radar coverage gaps.

Test of an improved GOC line.

Change in the decision proc i
Cramn process for SAC—provide SAC-CONAD

Priority for SAC use of all U.S. bases.

Test and procurement of GOC acoustic aids.
Improved raid-recognition system.

Study of the ICBM timing problem.

D
evelopment and procurement of a fallout monitoring system

Development of graded SAC response.
While the recommended program is not “a quick fix,” some of the
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measures listed can be made useful at a fairly early date. However, the
work to be done to ensure our power to strike back after a thermonuclear
attack should not be underestimated. For this reason it is vital to get
started on the long-lead-time measures, as well as on those that can take

effect quickly.
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