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SUMMARY

OBJECTIVES

This study of strategic air base systems has two main objectives. First, it is an
analysis of how to look at bases—an examination of the critical factors in

_strategic-base selection. Second, it is an application of this analysis to the basing
of the 1956-1961 bombing force.

METHOD OF THE STUDY

The principal factors considered are the Wm
favorable entry points into enemy defenses, to the source of base supply, and
to the points from which the enemy can attack these bases (see Fig. 1). The
analysis is concerned with the joint effects of these respective factors on the
costs of extending bomber radius; on how the enemy may deploy his defenses,

and the numbers of our bombers lost to enemy fighters; on logistics costs; and

on base vulnerability and our probable loss of bombers on the ground.

Several different air-base systems for the 1956-1961 strategic force have been
compared to find the system of bases likely to give maximum striking power.
Early in the work on this study, it was decided to take the then programmed
system for 1956 as a starting point. This system has since been undergoing a

Nearest enemy bovdu\

/‘:_‘-R
Torget
Critical distonces: !. Bose to target
Zone. of 2. To fovorabie entry t
Interior 3. To source of supply k’
4. To enemy offense bases
Fig. 1—Critical base relationships
v



process of modification as a result of the growing stockpile of SU nuclear

weapons. Although no drastic changes are evident in for itfon;—im-

| revisions in tmmﬂ'g'ﬁmo’ym:::_;w

mB«aux of the changes, the system which serves as a point of

departure for this study is no longer identical with the one currently planned Av%
frc for use by the Strategic Air Command iSA;E and will be called the formerly W:’

b programmed system. The other systems compared fall into four broad groups: &Eﬁ

. aloww (1) bombers based on advanced overseas operating bases in time of war,
buar ., (2) bombers based on intermediate overscas operating bases in wartime,
loacet (3) U.S.-based bombers operating intercontinentally with the aid of air-refuel-
o OF Wit ing, and (4) U.S.-based bombers operating intercontinentally with the help of
’ —(ﬁ oA ound-refueling at overseas staging areas (see Fig. 2). Several points should
buﬁ:”ﬂ, ﬁ;.:)b_smrst, all the 1956-1961 systems analyzed, not just the exclusively
air-refueled intercontinental case, involve tankers as a regular part of their

operation as well as in contingencies. (In all the cases treated in this summary,

the tankers are based in the same location as the bombers. Other variants were

studied and are dealt with in the body of the report.) Second, all the systems,

_ not just the intercontinental ones, involve Zone of the Interior (ZI) bases in

Ww time of peace. Third, all these systems are mixtures m\m.
The first system, the advanced overseas operating base case, resembles the main

method formerly programmed for operating the medium bombers. The fourth

system, the intercontinental ground-refueling case, resembles the method

formerly planned for the heavies (and now programmed for a larger part of

the strategic force). Theé formerly programmed system, then, involved ele-

ments of most of these types: tankers, staging areas, and operating bases in

both the United States and overseas. Increasing Russian capability compels

- examination of the methods and elements used jointly in the former program

in order to detect the vulnerable components and to extend the most effective.*

The various systems are therefore evaluated in the context of a two-sided

atomic war in which the enemy attacks SAC while it is performing its mission.

o |

THE PREFERRED SYSTEM
e T
( It appears, on the basis of this analysis, that systems consisting of 115

operating bases and overseas refueling bases are markedly superior.

* See Hearings, Subcommittee of the U.S. House Committee on Appropriations, Dept. of the Air
Force Appropriations for 1955, 83d Cong., 2d sess., Washington, D.C., February 11, 1954, p. 77.
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Fig. 2—Types of base systems

In brief, overseas. operatxgg base systems are too vulnerable, whereas a U.S.-

based air-refueled system would buy lower hase vulnerability at so high a cost

that total striking power would be drastically reduced. Ground-refueled systems
can be designed so that bombers will be present on refueling bases only a small
fraction of the time, and the ground-refueled system will be much less vulncr-
able to enemy attack than systems which rely on overseas operating bases. Such
refueling bases can be provided in adequate numbers with only moderate
extension and modification of our presently planned overseas base complex
Our strategic force in the United States can be protected primarily by evacuation
of bombers, crews, and other essential mobile elements. (This requires, however,
both reduction of the evacuation time needed and expansion of the time sup-
plied by early warning radar. As was mentioned, all the systems compared have
a ZI peacetime base component and need such an intensification of the evacua-
tion program.) The preferred system has the greatest destruction potential of
the systems compéred It is also the most flexible as to the size and rate of
—_—

strike, proportion of targets attacked, and route of approach and flight profile.

The multiplicity of strategic objectives and the variety of contingencies in
which our bombers may operate require, for flexibility and efficiency, a vari
licies of base employment, and methods of extending radius.|Some
of the alternative objectives and contingencies are indicated briefly in this
summary. However, for reasons indicated in what follows, future strategic base
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systems combining U.S. operating and overseas refueling bases as their principal
component will be superior.

This summary of the study will refer principally to the B-47. The analysis
and the body of the report also considered heavy bombers, for which results are
similar: ground-refueled intercontinental operation is best for them, too. While
the study analyzed the use of bases by all the types of bomber programmed for
the fifties, it was concerned with problems of base choice, not bomber choice.

It is important to emphasize that the programmed base system has many ele-
ments of the system preferred in this study and currently is moving even closer
to the preferred system. For example, the specific overseas locations pro-
grammed cover most of the regions desirable for the recommended refueling-

Jbase system. (Coverage should be extended in Northeast Africa and i the

ian and Indian peninsulas.) In the case of heavy bombers, even the method
of overseas base employment resembles (with a few important differences) the
method of staging recommended. Recent programs have adopted the refueling-
base concept for some medium bomber wings. In fact, taking into consideration
the Air Force’s previous work of negotiations, construction, etc., it appears
more feasible to realize the system recommended than to carry through the one
formerly programmed having overseas operating bases for all medium-bomber

wings.

THE FORMERLY PROGRAMMED 1956 SYSTEM

A base system like the one formerly programmed will be extremely vulnerabl
in 1956. A sizeable part of the force based in the ZI, before the deployment
overseas, is susceptible to an air attack which is well within enemy capabilities.
The forces based overseas are even more vulnerable. We can expect the majority
of the force to suffer serious damage on the ground. The destruction potential
of the formerly programmed system is, as a result, smaller than that of any of
the other systems examined. |

IMPROVED OVERSEAS OPERATING BASE SYSTEMS

The vulnerability of overseas operating base systems for the bomber force
can be reduced by specific defense measures. But even so, such systems are more
vulnerable than any U.S. operating base system. Moreover, this comparative
vulnerability increases sharply as offensive weapons of higher performance and
greater numbers are assumed to be committed by the enemy to these targets.

viil
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general would represent a gamble that enemy capabilities, particularly atomic gt Y

Consequently, plans for deployment of bombers to overseas operating bases in ? \pan M\m
p?
capabilities, would be low and remain so. g

UNREFUELED AND AIR-REFUELED SYSTEMS

From the standpoint of cost, it would be exorbitant to abandon overseas bases
to solve the overseas-base vulnerability proE'é'rﬁ./If,conventional high-perform-
ance unrefueled bombers with the extremely high combat radii required are
possible at all, they will almost certainly be large, vulnerable, and expensive.
This is likely to be the case for a long time to come, since, to counter improved
enemy defenses, the technical improvements anticipated in aircraft will concen-
trate on speed and other high-performance characteristics rather than on in-
creased unrefueled radius.

-In the study, intercontinental-air-refueled systems have been assumed to be
feasible, but such systems are shown to be.aundesirable in situations where over-
seas ground-refueling is possible. It is shown also, for tlm
that preparation for the contingency of base loss is best accomplished not by
assigning the entire strategic force for regular two-way intercontinental air-
refueled operation, but by other methods. (Air-refueling, however, plays an

essential role in these methods.) It cos iderably more to refuel in the air
than it does to refuel on the ground, even when full account is taken of the
costs of defense, of expected enemy damage to refueling bases, and of stock-

piling and protecting extra fuel to make the overseas refueling base relatively
* independent of problems of resupply. The more refueling needed to extend

bomber radius, and the larger the proportion of refueling accomplished by @:/,\,Efﬁr%
@ }
o)

tankers, the larger the cost difference. Since the short intercontinental air routes
approach Russia from the north, a system employing air-refueling exclusively

A
is ill-suited to take advantage of the nighttime penetration routes and to compel f;h . hvak
M enemy fighter defenses. The study confirms, however, the desira- @fﬁ/a&m
hote

bility of retaining an air-refueling capability as a supplement to ground-refuel-
ing—essential even if the base system survives intact, and also as an insurance
against loss of overseas bases. -

‘?leu;f




Outline of the Analysis

THE FORMERLY PROGRAMMED OVERSEAS STRATEG!C. FORCE

The point of departure and frame of reference for the comparison of strategic
base systems is a system like the formerly programmed strategic force and air-
base complex. This is chiefly 2 1750-n-mi-radius medium-bomber force com-
posed of approximately 1600 B-47’s and RB-47’s. It has, in addition, some 300
B-36’s and RB-36's, and about a wing of B-52's.

States on 30 bases. The farthest forward of these bases would be from 3300 to

AT

I

$
Until the outbreak of a war, most of this force would be based in the United sg&
&

over 6000 n mi from targets in the Soviet industrial heartland. A part of the
strategic force would be deployed on rotation at overseas primary bases.

After war began, substantially all combat-ready medium-bomber wings would
move overseas to operate from-a base system consisting of about 70 bases.
Roughly half of these would be operating bases and half would be staging
bases. Defenses of this base system would consist of approximately 30 squad-
rons of USAF all-weather interceptors, perhaps 40 antiaircraft battalions, and,
in some theaters, Royal Air Force and other NATO interceptors. In addition,
about 10 wings of USAF escort fighters would be available for base defense.
Relatively little emphasis is given to the passive defense of this system.

The medium-bomber force would be supplemented by approximately 720
KC-97 tankers. Medium-bomber attacks would be launched from overseas
operating bases with the aid of both air-refueling and some prestrike forward-
base refueling and by the use of poststrike staging bases. Heavy bombers, in
general, would start from home bases, use overseas bases for staging, and return
to home bases. A

THE INTERCONTINENTAL MISSION

An intercontinental mission is only one of several means of accomplishing
strategic objectives, and whether or not it is preferred must depend on its
relative cost and effectiveness rather than merely on its feasibility. In assessing
an “intercontinental’” operation, some care must be taken in defining the base
geography assumed. Some “continental” bases (such as those in Alaska and
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Greenland) are more vulnerable to enemy attack and more difficult to support
than some non-"continental” bases (such as those located in the Azores or
Iceland). The intercontinental bases considered in this study are well within
the early-warning perimeter of the United States and have the attendant ad-
vantages of logistics economy and reduced vulnerability.

Estimates of cost in this study include sizeable overseas expenses in addition
- to the direct costs of the strategic force (e.g., the costs of ground forces needed
directly for the local defense of some overseas bases). However, many of the
extra costs sometimes considered (such as the costs of economic and military
aid to our allies, of the Army, the Navy, and the tactical air units) cannot
properly be regarded as chargeable to an overseas strategic air-base system.

POLITICAL CONDITIONS AFFE.CTING OVERSEAS-BASE CHOICE

Political factors in overseas areas restrict the availability of air bases and the
conditions of their use. But the choice of location is wide enough to offer con-
siderable insurance against political mishaps. Choice between overseas and do-
mestic systems can be made on the basis of comparative costs and effectiveness.

Political considerations reinforce certain technical and economic factors.

Uncertainties of political alignment may make it necessary to distribute the

bases among many distinct political entities. This dispersal, however, may have
the advantage of reducing vulnerability to enemy attack. Limitations on the
use of certain bases to air defense and tactical missions may be relaxed in war-
time, suggesting that such facilities' might well be designed for conversion to
strategic uses. Finally, the existence of limits on the manning of bases favors
the strategy of considering such bases for advanced ground-refueling of inter-
continental systems.

BASE CHOICE AND SYSTEMS ANALYSES

Because the choice of weapons, the method of their employment, and base
selection are interdependent, an exploration of the base problem may be
expected to increase the dependability of weapons systems analyses undertaken
to assist the Air Staff in its development program. For example, the radius from
base to target may be the dominant factor affecting the choice of bomber design,
including type of powerplant, etc. ,

Radius-extension costs and overseas operating costs, varying with the base
system chosen, are incurred for the sortied force and not for a force held in

x1



reserve to replace bomber losses. For some base-aircraft combinations these costs
are so high, in comparison with the costs of a2 bomber inventory held in reserve
to replace combat losses, that a policy of restricting the size of the sortied force
and maintaining a large reserve appears best. For a differently based system, it
may be most efficient to sortie all bombers available. Therefore, base choice
affects the strategy of employing bombers.

LOCALITY AND LOCATION COSTS AND EFFECTS

The bombing-system costs traceable to base decisions are of two kinds. Those

- influenced by such particular site characteristics as weather, terrain, availability

of construction industry, existing defense, etc., may be called locality costs.
Those which pertain to such critical general base relationships as the routes
from the United States to base and from base to target (including the path
through enemy defenses) and to risks of enemy attack may be termed Jocation
costs. ‘

The consequence of basing aircraft in the Arctic illustrates the importance of
Jocality cost differences. For example, construction costs may exceed by five
times or more the costs for a similar base in a different area. An Arctic operation
involves extra costs not only in construction, but also in supply, equipment,
clothing, number and training of personnel, and maintenance, lower rates of
aircraft utilization, greater base vulnerability, and decreased recuperability after
damage. Although such a base offers certain advantages for penetrating to

- North Russian targets, it appears that these advantages are not enough to offset

the extra costs of operating in the Arctic. If, as the study indicates, operating

bases overseas are in general inferior to “refueling” bases, this conclusion is
particularly true of Arctic operating bases. Although existing bases can play a
useful role in refueling systems, other regions are better than the Arctic for
future expansion of such a base system.

While many locality effects were taken into account by the study, attention
was mainly focused on the variations in system costs occasioned by base Jocation.

LOCATION COSTS AND EFFECTS

Since base location must compromise some or all of the advantages of (1)
proximity to targets, (2) favorable angle of approach to targets, (3) logistics
economy, and (4) remoteness and comparative invulnerability to enemy attack,

xii
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the effects of system cost and effectiveness of each of these factors have
been examined.

Effects of Increased Radius to Target ‘
/@g@c&mwmmmm& to Russian targets range from

~ 300 to 1500 n mi. From the major overseas bases programmed, the targets are

anywhere from 800 to 2600 mi away. From the ZI, if we follow routes calcu-

lated to reduce losses to enemy defenses, distances to tasgets are from 3300 to
well over 6000 mi.,

As our radius of operation increases, the cost to buy and operate our bombing
force rises, and its effectiveness declines. The extent and rate of this variation
depends on the bomb carrier and on the method of radius extension chosen.

The cost to operate bombers big enough to reach targets without refueling

_ increases at an accelerating rate with distances from base to target. Moreover,

the cost increments due directly to growth in aircraft weight with increase in
system radius are compounded by the probability of interception of the larger
and heavier airplanes. The exact rate of increase, in any given state of the art of
aircraft design, depends on such factors as powerplant type, payload, cruise
and over-target speed, altitude, etc. It is greater for turbojets than for turbo-
props; and greater at higher speeds and extreme (low or high) altitudes. To.
have built an intercontinental radius capability into a bomber of the B-47 type
would have made it enormous in size, costly, and vulnerable. In fact, the heavy
bombers roughly contemporary with the B-47, for example, display larger
differences in cost than they do in radius capability. None will be able to reach
the whole of a Russian target system at intercontinental radius. In Fig. 3, which
illustrates this point, the system cost and radius of bomber types of approxi-
mately similar performance and design date as the B-47 are represented by
points in the shaded region.

An examination of the next generation of bombing systems shows that the
strong influence of combat radius on system cost is not merely temporary.
Supersonic and low-altitude capabilities may be sought to meet expected im-
provement in enemy defense. The normal advances in the state of the art will
permit improvement in performance characteristics for any given weight and
cost; but these, in turn, will tend to be offset by the performance demands
imposed by improved defense capabilities open to a rational enemy. The result-
ing cost-versus-radius curves will therefore show no substantial improvement.
(The curve for supersonic bombers in Fig. 3 illustrates this point.) If anything,
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the situation appears to be getting worse: combat radius will be more rather
than Jess critical for some time to come. | ‘

Examination of nuclear-powered bombers and surface-to-surface missiles
indicated that expected developments in these fields are not likely to alter this -
conclusion for the next decade.

In air-refueled multistage bombing systems, a bomber of fixed unrefueled
radius is assisted to the target by tankers. This avoids the need for bigger, more
easily intercepted, and more costly bombers. But the effects of radius on system
weight or cost (including the weight or cost of the tanker as well as that of the
bomber) are nonetheless very marked. Costs increase in steps (see Fig. 4), cor-
responding to points at which additional tankers are required. As combat radius-
is extended, the increments obtained by the use of additional tankers become
smaller and, allowing for insurance against the uncertainties of multiple refuel-
ing, the increases in cost for a given increment of radius become steeper. For a
tanker-refueled B-47 system, at 3600, 4200, and 5200 n mi, costs are respectively
three, five, and ten times the cost at an unrefueled radius of 1750 mi. (These
specific figures neglect the exsra costs of bomber attrition and bomber aborts’
likely to be associated with the rendezvous problems in multiple refuelings. Such
costs may well be so high as to make extreme multi-refueled systems unfeasible.)

One way to keep operating bases (and so, parked bombers—the most vulner-
able and valuable system element) away from enemy striking power is to extend

Xiv
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bomber radius by a system of refueling bases. The radius extension such a sys-
tem provides is Wst in comparison with the costs of a tanker
system. Aside from the costs of defense and expected damage, buying, equip-
ping, and supporting a refueling base with modern landing, take-off, and high-
speed-fueling facilities adds something like 15 per cent to the 3-year cost of
buying and operating a wing of B-47 aircraft in the United States.

Figure 4, which shows the increase in bomber costs with extension of radius,
includes support costs incurred for the peak force sortied. When the costs of
radius extension are very high (e.g., in the air-refueled U.S.-based B-47 system),
the portion of the total system cost devoted to tanker procurement and operation
can be reduced by the strategy of sending fewer than the maximum number of
available bombers on each strike. The smaller sortied force means slower initial
rate of destruction of enemy targets. It also means more aircraft losses to area
defenses per target ‘destroyed; but the smaller operating force will, if we con-
sider cost alone, save more than this amount in tankess for a system with high
tanker requirements.

The cost of a summer campaign to destroy 80 per cent of 2 Russian industrial-

target complex using an air-refueled system is 320 per cent of that for a ground-

refueled system (see Fig. 5). These costs take into account the detailed geog-
raphy of bases, identifiable air-refueling points, specific staging areas, points
of entry into enemy defense, and paths to targets. Russian area defenses are
assumed to be distributed evenly over the area of their ground control intercept
(GCI) network coverage, and strike paths are relatively direct to minimize the
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number of tankers per bomber in the striking force. (As will be shown, both
their defense and our offense tactics can be improved decidedly by adaptations
to match our base system.) The bombing systems compared use identical air-
planes and operating bases in the United States, but aircraft radius is extended
in one case by air-refueling and in the other case by ground-refueling. The
ground-refueled system uses all available bombers on each strike. The air-
refueled system follows the plan of withholding bombers, which, for it, is less
expensive (though this plan also imposes some inflexibility as to rate and size
of strike and proportion of the target system attacked). No allowance is made

xvi




‘ for bombcr attrition connected with multiple rcfuelmgs The calculations also
show that

1. The radius-extension costs for the air-refueled system are about six
times those of the ground-refueled system.

2. To limit radius-extension costs even to this high level, the azr-rcfuelcd
system involves a considerable sacrifice in extra bombers lost (about 30
per cent of the value of bombers in the ground-refueled force).

Differences of such large magnitudes occur in spite of the fact that so much
of the bombing system is fixed in the comparison (the bomber type and the
U.S. primary bases).

Ten wings of penetration fighters are programmed for 1956. Whether they
are used as bombers, as escort fighters, or as decoys, their strategic use appears
practicable only from an advanced primary-base system or from a more distant

- primary-base system with overseas ground-refueling facilities. The preference
for ground-refueling over air-refueling would be greatly increased by taking
these components of the programmed force into account.

Sole consideration of the effects of increasing the flight radius to enemy
targets indicates the desirability of operating from bases which are as close as
possible to these targets. A decision must also take into account the effects of
distance from logistic support in the United States and neamess to the source of
enemy striking power. However, if these effects dictate operation at great dis-
tances from enemy targets, the analysis so far has suggested that it is espedally
expensive to store fuel far from targets and to air-transport it for transfer to

the bomber.
Effects of Penetration Paths

The study has investigated the eff f base locati angle of
Wﬁ; the distance of-penetration through enemy defenses, and
the hours of daylight and darkness over these penetration paths. Base-location .

considerations affect our choice of the route to the target and the enemy’s
choice of defense deployment.

The distance traveled over enemy defenses, and so the number of bombers
lost to enemy fighters, can be reduced by dogls egging, but this increases combat
radius (see Fig. 6). A tanker-refueled system using U.S. operating bases begins
far out on the cost-radius curve, and additional radius is very expensive.

We may distinguish three kinds of penetration routes. First, relatively direct
. routes minimize the number of tankers necessary for each bomber in a strike.
Second, there are routes which minimize penetration distances and so reduce

.
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Direct routes Minimym-~penetration routes
Fig. 6—Routes for intercontinental air-refueled strikes

attrition inflicted by area defenses (fighters). A third set may be chosen in

er to ta to_reduce losses to fighter,
Darkness has a decided effect, since (1) the USSR is expected to have a larger
' Mm night fighters in 1956; (2) few day fighters will be usable
at night—e.g., employing the buddy system: day fighters led by night fighters;
and (3) the individual effectiveness of Russian night interceptors is expected
to be much less than that of their interceptors in daylight.
We have compared systems using routes minimizing distance flown through
nemy defenses with systems using direct paths which minimize tankers per
m air-refueled U.S.-based B-47's in a multistrike summer
campaign to kill 80 per cent of the Russian industrial-target system selected,
this comparison reveals a significant preference for minimum-penetration routes.
The system flying minimuMMy
fighter defenses, and so reduces the size of the force needed to insure an accept-
able crew-survival probability. Finally, although the system has more tankers
Eé"fmr,l it has fewer tahkers in total, reducing even the radius-extension
costs for the campaign.

I~ Base systems which permit entry from the south can take advantage of the
cover of darkness with little or no extra extension of radius. Since the ground- @

refueled U.S.-based system has many staging areas to the south, its short-route
'"ﬁ system is largely protected by darkness and is one that nearly minimizes attrition.

Bombers flying direct routes in summer suffer no more attrition than bombers

flying minimum-penetration doglegs without the advantage of darkness.




The enemy, in turn, may improve his defense by matching our offense capa-
bility. Against systems flying the shortest routes from the U.S. operating bases,
he might concentrate fighter defenses in the north (see Fig. 7). Systems using
peripheral operating or ground-refueling bases would compel a more even
dispersal of enemy defenses, as shown in{Fig.

Campaign results presented in Fig. 9 indicate that if the enemy can concen-
trate day fighters in the north, taking account of the greater density of targets in
the west, he can do better than when he distributes fighter defenses uniformly.

The Russian area defenses so reoriented will exact a higher attrition against
all bombing systems, but in particular against “one-sided” base systems: the
exclusively air-refueled intercontinental systems or a Western Hemisphere

. system. Russian defenses further improved by specific tailoring to meet each of

our base systems could do still better, especially against a one-sided system with
relatively concentrated avenues of approach to the targets. Limitation in the
number of night fighters available makes it difficult for the Russians to improve
their fighter deployment very much against attack from peripheral overseas
bases (operating or refueling).

Fig. 7—Russian fighter deployment against direct intercontinental air strikes
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Fig. 8—Russian fighter deployment against strikes from

overseas bases Q‘\“}»f

~ The use of optimal routes and profiles requires increases in radius-extension
capabilities, giving additional advantages to systems which can achieve them
cheaply. Furthermore, peripheral base systems, unlike one-sided systems, permit,
in the short run, the exploitation of the enemy’s soft spots; in the long run, they
force a dilution of his defenses.

Effects of Supply Distance

The peacetime cost of buying and maintaining a wing of bombers in the
United States must be increased by over 50 per cent to cover the additional cost
of operation from primary bases overseas. This extra cost is incurred for addi-
tional bases, theater support, and airlift. However, the differences among over-
seas base systems do not increase substantially with supply distances in peace-
time. Transportation, travel, and stock-level costs are only moderately affected
by increasing distance, even when these distances vary up to 10,000 surface
miles. (Locality considerations, on the other hand, as distinct from location con-
siderations, do entail substantial extra costs for peacetime resupply in the
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Fig. 9—Cost of B-47 campaigns against a uniform and concentrated
area defense .

Arctic.) Except for the case of a system using refueling bases, the extra costs
involved in wartime resupply and pipeline attrition have not been investigated
in detail. For a refueling base, the prestocking of fuel at moderate cost frees the
base from the problem of losses in surface transport during the early months of
a war. To free an operating base overseas from such problems, a considerable
quantity of air transport would have to be purchased.

While, in any case, there are extra costs for operating facilities, airlift, stocks
of matériel, eté., involved in adding an overseas component to a bombing
system, it is much cheaper to add refueling facilities than operating facilities,

£gven if we neglect vulnerability considerations.




Effect of Préximity to Enemy Striking Power

- Consideration of the first two critical factors (target radius and penetration
routes) stressed the advantages of being close to the target and close to favor-
£ | able points to enter enemy defenses. Unfortunately, when we are close, not only
is our power to attack the enemy very great, but so also is his power to attack us.
(The rings in Fig. 10 indicate the steps in which the enemy’s striking power
diminishes with distance from his border.) The most obvious disadvantage of
an overseas base system is its increased vulnerability (see Fig. 10).
vulnerability cov ize an of air attack
that the enemy can launch against various base systems; (2) the likelihood that
attackers will penetrate our base dgfcnsc to bomb, and their capacity to re-
attack; (3) the elements at risk on the base at the time of bombing; (4) the
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Fig. 10—Base locations relative to USSR striking power




physical vulnerability of these elements and the damage resulting from bomb-

ing; and (5) the consequences of damage in terms of base operations. These
factors correspond to the successive phases of attack.

United States Operating Bases. The most vital and easily damaged elements
of a strategic force based in the U.S. ZI will not be very vulnerable /f the air-
craft, personnel, and essential matériel evacuation plan of SAC is carried out.
Houwever, a large number of U.S. bases are too close to the perimeter of oar
pro]ected 1956 radar net to have even margmally adequate warning against
air attack.

Moreover, in the event of Russian use of a short-range submarine-launched
A-bomb carrier, no future extension of the radar network is likely to provide
adequate warning for coastal bases. A single, high-altitude mass Russian strke
against 1S, targets, including SAC, with 1956 defenses could result in attrition
of 75 per cent to 85 per cent of the medium-bomber force. With adequate warm-
ing this could be reduced to an attrition level of less than 20 per cent. These
estimates are based on a Russian commitment of 120 bombs to the destruction
of SAC. Considerably smaller bomb commitments by the Russians could also
result in high levels of destruction in the absence of adequate waming. In
addition to bomb commitment, the analysis also considered varying estimates
of Russian bomber stockpiles, expected operational aborts, and attrition inflicted
by U.S. defenses. Figure 11 illustrates expected ground attrition of strategic
aircraft on U.S. bases in 1956 for a range of A-bombs allocated by the Soviets
to the task of neutralizing this force, and for a range of probabilities of their
delivering the bombs allocated. The delivery probability depends on the number
of bombers assigned to the task and the effectiveness of our fighters—which, in
turn, depends on the likelihood of Russian countermeasures, etc. The lower
limit of the shaded areas in Fig. 11 (and also in Fig. 12) represents probable
values of enemy bomber assignment and effectiveness of our fighters. The
upper limit indicates the result of assuming a higher enemy offense capability

and lower effectiveness of our own defenses.

The great reduction in U.S. bomber losses when adequate warning is received
shows the benefits of evacuation. In addition, fly-away kits and operating per-
sonnel would be protected by the execution of the SAC evacuation plan. Dis-
persed- operation can be considered an alternative or an additional defense to
evacuation. However, as a substitute for evacuation it is unacceptably sensitive
to the number of enemy bombs directed against SAC. As a supplement to evacua-
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tion, dispersed operation tends to cost more than it saves in unattrited bombers
(see Fig. 13, page xxvii).

Wherever possible, measures (e.g., addition of radar, reduction of time re-
quired for evacuation, and transfer of wings from the periphery to the interior)

.to provide adequate waming and to facilitate evacuation of critical elements

of the striking force appear to be more effective and less costly than initially
dispersed operations as a means of defending operating bases.
In particular, it appears important to modify the SAC evacuation plan by—

1. Hastening the dedision to evacuate by allowing SAC evacuation to be
triggered automatically by a waming derived from the continuous
statistical evaluation of unknown aircraft within our radar network.
(The triggering level to flush SAC can and should be lower than
the level the Air Defense Command [ADC] requires for its full Red
alert, affecting as it will many dvilian activities. It might be set so as
to exercise SAC in the evacuation plan two or three times a year.)

2. Separating the plan for evacuation from the plan for deploying bomb-
ers for attack, and giving higher priority to the essential job of saving
the striking force.
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3. For at least the interim, keeping minimum evacuation crews on hand
at all times at bases which have insufficient reliable radar waming to
permit crew assembly.

4. Providing egress taxiways, wherever possible, to permit the taxiing or
towing of nonflyable aircraft off base.

Other critical defense measures for bases in the ZI, besides evacuation, are
discussed below. (With these modifications, the probability of evacuation is
high enough to make the extra insurance of operating bombers in many units
of less than wing size excessively costly. However, forms of dispersal other than
dispersed operation may be of considerable importance. An example is prepara-
tion of alternative U.S. sites for emergency use and local dispersal.)

Overseas Operating Bases. Evacuation does not appear feasible for most
overseas bases (advanced or intermediate) because of the very short waming
times and a high enemy capability for frequent air attacks and feints. (The
inadequacy of warning time is emphasized by the threat of submarine-launched

‘attacks.) Five-sixths of these projected overseas bases are within 100 mi of the
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sea. The vulnerability of units deployed to such overseas bases would be
high.

Analysis of the consequences of a Russian A-bomb air attack on the whole of
the projected 1956 overseas primary-based system with the projected defenses

clearly shows that only small numbers of A-bombs are needed to eliminate the

majority of the force surviving attack in the United States (see Fig. 12).
(Although expected destruction of aircraft is used as a measure of vulnerability
in Fig. 12, the combat effectiveness of the force would be further reduced by
loss of personnel, bombs, base facilities, fuel, supplies, etc.) The extensive
destruction indicated by rather moderate investments of Russian bombs results
from (1) the concentration of our strategic forces on relatively few bases (a
reasonable allocation of expected enemy forces provides very large attacking
cells per base), (2) inadequate radar coverage and defense weapons effective-
ness, especially at low altitudes (bomb carriers in attacking cells have a very
high probability of reaching the bomb-release line), and (3) the high physical
Ql_rgabxhbpof—system_mmpmmg&e_lxmhanmggmd on overseas bases

~ at the time of attack (the probability of destruction, given bomb release, is

very high).

After the outbreak of a war, the initial vulnerability of wings deployed over-
seas will be critically dependent on the period of exposure before the mounting
of the first U.S. strike. Measures can be taken to reduce the period of exposure
before our first strike, but after that our B-47's scheduled to operate from
overseas bases will be exposed to repeated attacks by enemy aircraft carrying
high-explosive and atomic bombs. Units on rotation overseas at the outbreak
of hostilities can expect to suffer great damage immediately.

The vulnerability of the formerly projected overseas operating base system
to even a quite low level of enemy attack can be reduced. By allocating more of
our strategic budget to the purchase of active and passive defense, rather than
bombers, we can increase the total number of our bombers likely to survive all
but fairly high levels of enemy bombing attack.

In our final comparison an improved overseas operating base system is con-
sidered. Under the next three headings, three classes of passive defense meas-
ures are treated. They involve multiplication of bases, relocation of bases, and
changes. within bases (separation and toughening facilities). The first two
involve large-scale changes in the base system as a whole. Of these, one, base
relocation, might affect the warning available and the probable size of the
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.cnemy attacking force. The other increases the number of enemy bombs re-
quired; the third—local changes—forces an increase in the size if not the
number of bombs. ,
~ Passive Defense: Multiplying Operating Bases. Since evacuation is gener-
ally not feasible overseas, multiple separated bases should be considered. Pro-
tecting the bombers by this means requires multiple operating bases. The cost
(in extra base facilities, equipment, and personnel) compared with the reduc-
tion in aircraft ground attrition from a single enemy strike for three degrees of
operating-base dispersal, is shown in Fig. 13. Over a considerable range of pos-
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Fig. 13—Evacuation and dispersal

sible Russian bomb commitments against our strategic force in 1956; there
would be a net gain in the number of aircraft surviving after combat, even if
the extra cost of separated bases resulted in fewer aircraft being procured.
However, we have no reliable knowledge of what Russian capabilities will be
in 1956. It must be noted that if the number of bombs available and allocated
. to this task is higher than estimated, dispersed operation will buy very little

.



defense (sec Fig. 14). Since we can expect the Russian capability to increase
rapidly as time goes by, we cannot rely on this method of defense.
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Passive Defense: Relocation of Operating Bases. This has been indicated
as a measure which might be necessary in order to counteract some threats
against ZI operating bases. If applied to overseas bases, this measure yields the
intermediate overseas operating base systems which have been mentioned. It
does, indeed, reduce the number of sorties which the enemy can mount with
a fixed force. This is a great asset against a high-explosive attack; but it is, as
the analysis shows, of little value against atomic attack. Repeated atomic sorties
are not required to destroy soft targets such as bombers caught on the ground.
Since intermediate base systems are not within the deep fighter-backed U.S.\
radar network, evacuation is denied them as a defense. Therefore they are little \
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. less, or no less, vulnerable to atomic attack than advanced overseas operating
base systems. . : |

Passive Defense: Changes within a Base. No existing strategic base was spe-
cifically designed to reduce damage from atomic attack. A medium-sized (40
KT) bomb dropped with a 4000-ft CEP is expected to result in destruction and
serious damage ranging from 80 per cent to almost all the aircraft, structures,
supplies, and personnel exposed on ZI bases and most overseas bases. Damage
to many base elements can be reduced by local dispersal and blast-protective
shelters. Parking aircraft on the perimeter of our large French Moroccan bases
rather than the use of ares dispersal (now employed overseas for protection
against high-explosive attack) would reduce expected aircraft destruction and
serious damage by about one-half in the case of an attack with a 100-KT bomb.
Several of these defense measures are relatively inexpensive and at least insure
against the use of medium-sized bombs.. However, their effectiveness depends
on the limits to the size of the bomb used. The study found such methods
inadequate for assuring protection of our bombers against the delivery of large-
yield bombs with normal accuracies. On the other hand, they have an important
role to play in protecting the critical fixed facilities and the base defense
weapons. The bardening of critical facilities against the possibility of attacks
aimed at base denial is useful, according to the results of the campaign analyses,
-even given sizeable enemy stockpiles of thermonuclear weapons.

Active Defense. The effectiveness of scheduled active defenses can be
improved somewhat by added radar coverage, especially at low altitude. Over-
ocean coverage is inadequate and, as has been stressed, most of the projected
forward operating bases are within 100 mi of the sea. Area defenses are par-
ticularly ineffective in such circumstances. Achieving a high level of defense by
adding more defense weapons of the type presently scheduled would cost about
as much as it would save.

Ground attrition wou/d be significantly reduced by the use of weapons not

~ likely to be available for the defense of overseas bases in 1956 (Nike and Loki
local-defense weapons, etc.). However, in all cases, the effectiveness of the
active defense of the overseas bases is critically dependent on the performance
and_number of carriers, tactics, and countermeasures employed by the enemy.
In view of the uncertainties as to the effectiveness of various activedefemse
measures, it appears very risky to defend bases primarily by active means. This
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is particularly true of bases that can be reached by high-performance jet aircraft
(IL-28, EF-150) which the Russians may have in large numbers. ,

Recuperation Plans. Recuperation plans can drastically reduce the impact of
physical damage on base operational effectiveness. In the case of an A-bomb
attack on a base, a large number of the aircraft may require replacement of
those parts likely to be damaged by blast (e.g., control surfaces, bomb-bay
doors, external plastic surfaces). These are not parts normally requiring
replacement in quantity, and so are not stocked in quantity at bases. However,
such stocks would not be expensive, and failure to stock them could mean
weeks and possibly months of inactivity.

Aside from decontamination, the essential measures to meet the radioactive
‘fall-out problem on home bases include (1) evacuation to emergency alter-
nate bases and delay in using the contaminated bases (because of the rapid
decay, such delay times can be short—provided the period of exposure is short),
and (2) shortening the period of occupancy and exposure by staging through
the contaminated home bases from the emergency alternates.

Other measures examined and found useful include duplication of vital base

facilities, the training of damage-repair teams, and provision for emergency
construction to replace facilities destroyed.
- Combinations of active and passive defenses are better than any single defense
measure for the defense of an overseas operating base system. At present,
manning and real-estate constraints act to restrict the range of choice available.
A comparison of the formerly programmed system with an overseas operating
~ base system modified to reduce vulnerability shows an increase in the number
of bombers available for combat when extra funds (out of a fixed budget) are
spent for additional active and passive defense measures, including local dis-
persal and blast protection, augmented interceptor and local defenses, and
ground and airborne early waming (AEW) radar coverage (see Fig. 15).
Although the cost per bomber procured is increased by 30 per cent, the cost
per bomber surviving for combat (along with supporting elements) is de-
creased by 35 per cent. It should be noted that this combination of defense
measures is not regarded as optimal, and that there are wide variations in
preferred measures for different overseas-base areas.

Preferred Defense Measures. It appears that the vulnerability of SAC
before deployment to overseas primary bases is moderate for units stationed
on bases likely to receive adequate warning of attacks. While many units are not
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now scheduled to have such warning, it may be provided by the means sug-
gested. The cost of this measure is small in comparison with the damage that
it would avoid. -

By 1956 the vulnerability of overseas operating bases is likely to be unaccept-
ably high. It is possible to reduce this vulnerability by applying the measures
described above, but the success of such defense measures depends critically on
enemy capabilities. It is also possible to reduce vulnerability by an essentially
different strategic base system: one using operating bases in the United States
in conjunction with overseas refueling bases. Like evacuation measures in the
United States, this ground-refueling system overseas makes it improbable that
our bombers will be caught on the ground. The probability of success of such
measures, which reduce the chances of our being on base when enemy bombers
reach the bomb-release line, is comparatively unaffected by a wide range of
possible increments in enemy capabilities.

Defense of Overseas Refueling Bases. The study examined a strategic sys-
tem with refueling bases as the sole overseas element. For the purposes of this
study, the refueling system has been assumed to include all the bases now
scheduled for use as either refueling or operating bases.



Detailed study of overseas refueling bases showed that defense may be
achieved economically by (1) having many more bases than are demanded by
traffic requirements; (2) reducing the period of exposure of aircraft on bases
(2 to 3 hr for a base near enemy territory; for more remote bases, safe periods
are more extended) and employing a base-use pattern that would make it im-

probable that the enemy would find the bases occupied; (3) dispersal, multipli-

cation, and blast-protection of minimal facilities to reduce physical vulnerability;
(4) active defense even when bases are unoccupied (10 wings of interceptors,
35 battalions of Loki weapons), and, when some of the bases are occupied, con-
centration of fighters (and addition of 10 wings of fighter escorts) at the points
of occupancy; and (5) establishing a damage repair:and recuperation capability.

The multiplicity of these bases, the physical toughress of the few fixed installa-

tions, and their considerable active defense would make them unprofitable tar-
gets (even assuming quite large Russian stockpiles of A-bombs and long-range
bombers) so long as the bases were unoccupied by bombers.

Figure 16 (which shows, for one attack strategy, the percentage of the total
bombing force at risk in the refueling-base system at various times during the
first month after D-day) illustrates one of the most important features under-
lying refueling-base defense. Even if attacked at precisely the hour of maximum
concentration, only a quite small percentage of our force is risked (for some
attack strategies, a percentage comparable with the unevacuable part of our
force on interior U.S. bases having adequate warning). Moreover, even allow-
ing for extensive intelligence information on the part of the enemy, we can,

by using feinting tactics, random strategy, and the like, make his expectation of .

finding us considerably less than that indicated at the hour of maximum con-

centration. The feints, supplemented by such devices as B-47 dummies on the

refueling bases and by the active defenses assumed, could mean a very sub-

- stantial waste of enemy bombs and bombers.

N

A US.-based bomber force operating through an overseas refuelmg -base
system so defended would suffer extremely low ground attrition compared with
an overseas-based force. The projected 1956 system of operating and refueling
bases would require only moderate extension and modification to adapt it to
such use. A strong overseas refueling-base system would be tactically as well as
politically feasible. Moreover, refueling bases (like U.S. operating bases, but
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Fig. 16—Refueling-base occupancy

unlike those operating overseas) would not increase sharply in vulnerability
with even rather large changes in the number of bombs and carriers the Soviets
might commit to an attack on the U.S. strategic force.

Summary of Base Defense and Expected Damage

1. The unmodified overseas operating base system will be extremely vulner-
able in 1956.

2. While SAC cannot be made invulnerable, its vulnerability can be reduced
by a variety of measures which save more than they cost. No one measure
suffices for the defense of the strategic force; many are required in combination.

3. The best of these combinations of measures involves as a major component
the absence of the critical vulnerable elements when bombs are released over
the base. This means measures enabling evacuation in the United States, and
measures reducing and making irregular the time spent on bases overseas.
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- 4. With such measures it is feasible to preserve the majority of our strategic
bombers from enemy bombing attacks, even assuming very high enemy offensive
~ capabilities and commitment to the task of destroying SAC. |

S. Defense methods which leave our bombers on base at the time of attack
depend very much for their success on limitations in the enemy capability. This
is true of the augmented defenses examined for overseas primary bases. Multi-
plication of operating bases can be matched by a proportional multiplication in
the enemy bomb stockpile. Dispersal within a base can be matched by the in-
creasing yield of enemy bombs and active defenses by enemy countermeasures
and by the increased apparent size of enemy attacks.

6. In comparing the destructive power of the four broadly different alterna-
tive systems for basing the B-47, it is important to include both the costs of
appropriate base-defense measures and also the specific effects of enemy bomb
damage on each system.

There are some measures necessary to reduce vulnerability that are common
to all the systems we are comparing. These are the measures for the hardening
of critical facilities both in the ZI and overseas, and (since all the systems in-
volve a ZI component) for protecting aircraft on the ground in the ZI by
intensifying the evacuation program. These measures are effective and essential.
But the most critical problem is the protection of bombers overseas. The analysis
makes it clear that edging back, as in an intermediate base system, does not
significantly reduce vulnerability to an atomic attack. It is clear that from the
standpoint of vulnerability, it is important to be as far back as possible. How-
ever, leaving the refueling function forward involves much smaller nsks of
\ damage than advanced operation. |

COMPARISON OF BASE SYSTEMS

The effects of the oéerational distances (base to target, base to enemy border,
etc.) have been discussed separately. In reality, they interact. The joint effect of
these operational-distance variables has been studied in a comparison of several
widely different strategic base and aircraft combinations. The systems compared
are those described earlier: (1) an exclusively air-refueled intercontinental B-47
system, (2) a ground-refueled intercontinental B-47 system with a tanker supple-
ment, (3) a B47 advanced operating overseas base system (with local dispersal,
more radar and active defense), and (4) an intermediate overseas operating
base system (with an appropriate level of active and passive defense). In these
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‘ final comparisons, a considerable number of plans with alternative force require-
ments were tried for each of the competing U.S. offensive systems. Each system
was matched against an enemy defense and offense and deployed to take some
advantage of its characteristic weaknesses. On the other hand, tanker-bomber
combinations, routes of deployrnént and penetration, and active defenses were
chosen so as to exploit advantages of each system and to reduce its force require-
ments and cost. Appropriate additional defenses for the overseas operating base
and refueling-base systems have already been described. In all systems the U.S.
bases are well within the early-warning network. The costs, both of these de-
fenses and of the ground damage to be expected for various Soviet bombing
force and bomb assignments, have been included in the total cost required by
each system to destroy various Russian target systems. -

Although the bombers and the U.S. operating-base locations are the same in
all the systems compared, and although their methods of defense are in all
respects identical except for those aspects associated with the concepts of oper-
ations, the differences in campaign costs are striking. The intercontinental
exclusively air-refueled system is decidedly inferior to the intercontinental
ground-refueled system. The advanced overseas operating base system studied
xswl'_ggmmxtment against SAC (30 100-KT bombs and 200
TU-4's), intermediate in effectiveness between the two intercontinental systems.
However, its cost and effectiveness are very sensitive to the assumption regard-
ing the number and size of enemy bombs committed. Given a higher enemy com-
mitment (120 100-KT bombs and 400 TU-4's), its cost reaches that of the inter-
continental air-refueled system. The intermediate overseas operating base s sys-
tem, which combines the high radius-extension costs ontal air-
refueled system and the vulnerability of the advanced overseas operatmg_hase
smowmg of all. It is expensive for a low level of
enemy offensive commitment and sensitive to increases in the level of commit-
ment. (Both the relative standing of the overseas operating base systems and
their sensitivity to differences in enemy offense would be shown to be worse if
Fig. 17 included the indirect effects of ground attack as well as the direct
damage to bombers.) These results apply to a campaign in which the air-
refueled and overséas operating base systems withhold bombers to cut support
and ground-loss costs, etc. If, in accordance with Air Force doctrine, nearly all

‘ combat-ready bombers were used, the inferiority of both systems would be even

more marked.
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UNCERTAINTIES IN ENEMY DEFENSE AND OFFENSE CAPABILITY

Since all systems use the same bombing aircraft, the results are unaffected by

wide alterations in the zotal enemy defense capability. The results are affected
somewhat by the allocation of enemy defenses between area and local defense.
The assumed local defense may be high relative to the assumed area defense,
but 2 downward adjustment would worsen the relative position of the air-
refueled system still further and so would not change the results. It has already
been demonstrated that the effectiveness of an overseas operating base system is
likely to vary markedly with the magnitude of enemy offense capability (e.g.,
A-bomb commitments to attacks on our bases), whereas that of a ground-
refueled system is relatively unaffected.

In studying campaigns conducted with reserves against both air and ground
losses, it was assumed, as is the custom, that the losses to be exacted by the
enemy were known in advance. Even in the tests summarized above, where a
range of enemy capabilities and resulting attrition was tried, correct antid-
pation of our losses is assumed in each case. Adjustment for the realistic uncer-

tainties of preparing for a campaign against an enemy about whom we have ,

imperfect intelligence would worsen further the situation of all systems which
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show a large difference between reserve and operating cosfs, for it could no
longer be assumed that precisely the correct reserves could be stocked (see Fig.
18). It should be stressed that this would be an adjustment for the gaps in our

/intelligence about future attrition rather than for differences in attrition itself.

Figure 18 illustrates the differing degradations in the percentage of targets
destroyed by each of the systems if they all prepare for a specific enemy offen-
sive capability (the same as the one assumed in the right half of Fig. 17);
but the enemy capability turns out in fact to exceed somewhat our expectations.

1600 - Enemy capobilitiss lower than expected
1400 & c:: Expected enemy copabilities
m Enemy capabilities higher than expected
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Fig. 18—Target destruction potential and uncertainty in
enemy capability ($40 billion budget)

FEASIBILITY

The preferred system is more feasible than the air-refueled system, which, to
destroy the same target system, would involve more bombers, many more
tankers (as high as 1700 KB-36 type), more U.S. bases, and more construction

money than is programmed. The preferred system requires roughly the aumber
E@mbeps—p;eg;mamed—aﬂd—somwh@i@keqrs. The overseas refueling

bases assumed use the sites programmed; and these are easier to obtain and to
keep exclusively for refueling use than for their programmed use. The
improved overseas operating base system requires operating bases in many
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areas not scheduled for this purpose. It also involves a great many more
bombers than the ground-refueled system.

FIXED BUDGET CAMPAIGNS

The comparisons shown so far in this summary are made in terms of the
relative cost for alternative systems to do the same fixed job of target destruc-
tion. If we were to use the reverse criterion and compare systems, having
identical budgets, with respect to the relative number of targets they could
destroy, the differences shown would be drastically increased. This is due to

the effect of saturation on enemy defenses: Systems which can allocate a large
proportion of their budget to buying bombers in excess of the minimum needed |

for saturation obtain more than the proportional benefits in increased targets
killed. The intercontinental air-refueled system must spend most of its budget
to procure noncombat elements, namely the tankers. The overseas operating
base system must spend much of its money on logistic support, active and
passive defense, and purchase of bombers which are killed on the ground. The
intermediate system spends money on all of these.

The characteristic differences in allocation of funds between combat and
noncombat elements are responsible for some of the rather surprising differ-
ences in the time developments of the campaigns.

FLEXIBILITY AND CAMPAIGN TIME

Bombing aircraft operated at intercontinental distances are expected to have

lower sortie rates than those operated from advanced bases. In the case of a

ground-refueled system this does not mean a longer campaign than for an
overseas-based system. In both the overseas operating base and air-refueled
systems, the strike rate, using a tactic of holding bombers in reserve, is limited
by the operating support force (available tankers in one case, and overseas
operating bases, logistic support, and active defense in the other). To increase
the support force to the point where all the available bombers could be sortied
in one strike would be extremely expensive. For the ground-refueled system
the extra cost of providing support for the entire force would be moderate.
Inexpensive extra support would increase the potential strike rate of the
ground-refueled system and permit it to finish a campaign not only at lower
cost, but also in at least as short a time as any other system. In short, a ground-
refueled system has a marked advantage in flexibility of strike size, rate of
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strike, and proportion of the target system attacked. (It also has greater flexi-
bility in choice of route and in choice of flight profile.)

The overseas operating base systems have an advantage in shorter mission
time, which, it seems, would permit more frequent sorties per bomber. Several

points should be observed. First, the importance of-high sortie rates for a .

World War III atomxc campaign against rgets is than for

mpaj ith-high sive, O World War II type, in which damage
had to be administered cumulatively, a little at 2 time, and from which recuper-
ation was relatively rapid. (This diminished significance is implicit in the
Air Force’s desire for an intercontinental mission capability.) Second, the
proportional increase in sortie rate with decreasing mission distance is qualified
by a number of difficulties, most important of which is the effect on our
sortie capabilities of enemy attack. This in fact can reverse the apparent
advantage. Finally, however, even if we assume the sortie rates of individual
bombers on overseas operating bases to be twice those of similar bombers based
in the ZI, the campaigns show that the ZI-based ground-refueled system can
achieve a higher rate of destruction for a fixed budget. The essential reason
for this has been indicated: An overseas operating base system cannot spend
- enough of its budget to buy bombers with the hypothetically high sortie rates.
It must allocate its budget to logistic support, defenses, and bombers, many of
which are killed on the ground before sortieing at all.

OPERATING OVERSEAS AFTER THE ‘'BRAVO’ CAMPAIGN

The analysis indicates clearly how increasing Russian atomic capability makes
overseas operation of the strategic force unacceptably risky. What of the possi-
bility of strategic operation after the destruction of the enemy air force? The
likely difficulties in CWW@
Wf'arce are suggested by the feasibility of a successful defense of

ur own SAC. Russian bombers may be home-based deep within their radar
m plenty of warning to permit evacuation. Northern peripheral
bases may be used for staging only, and critical facilities may be hardened to
make a base denial campaign difficult. The enemy may use a large number of
alternate bases in an emergency. Furthermore, the Bravo campaign required
to make continuous occupancy of the overseas bases safe is much more extensive
than that which is generally understood by the designation “Bravo,” i.e., a
mission to blunt the Russian attack against the ZI. Since a large fraction of
these bases are within IL-28 radius and even one-way MiG range, nothing far
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short of the destruction of the entire Russian air force is required. Finally, we
have a disadvantage not suffered by the Russians in that we have incomplete
(and increasingly incomplete) information as to the location and function of
their various airports. For such reasons, by the time the destruction of Russian
atomic-delivery capability has advanced to any substantial degree, the major
Delta targets, which are much softer, will have been destroyed. (This is
indicated by the results of several joint Bravo-Delta campaigns which have
been tried.) The part of our force that is unattrited at that point can be
expected to be substantially less than the total force, and, most important, our
principal atomic strategic job will have been done by the time it is safe to move
overseas to operate.

LIMITATIONS AND FLEXIBILITY

The results presented here have been derived from campaign comparisons
in which many elements were varied and some were fixed. The study analyzed,
in the context of campaign, only the programmed bombers. In most of the
campaign analyses, only one target system was used—a Russian industrial-
target complex. It is Mnstmtcd superiority of a
ground-refueled home-based system would be confirmed by additional analyses
in which these other fixed elements were also varied realistically. The compo-
sition of our potential bombing force is increasingly variable when later time
periods are considered. And although Russian industry is the most familiar
target postulated for our strategic force, it is not the only objective: long-range
- interdiction and the destruction of the Russian long-range air force are other
prominent objectives.

Against long-range interdiction targets, the overseas operating base systems
have an advantage in coordinating the bombing schedule with rapidly changing
‘requirements for retardation. And, even for industry bombing, there are cir-
cumstances in which they would appear in a more favorable light. Some of the
difficulties in achieving our counter-air objectives have been suggested. None-
theless, if the Soviet atomic-delivery capability could be destroyed (although

it seems doubtful that this could be done before the completion of the major
part of the Delta mission), or if it should turn out to be much smaller than
is expected, then, once this was known with confidence, overseas operating
bases could be more favorably regarded for industry bombing.

However, one of the merits of the recommended system is its adaptability.
Refueling bases could be converted to operating bases if desired and might be
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‘ combined with a certain number of overseas operating bases used in connection

with retardation targets. Similarly, the ground-refueled system could permit
the economic use of penetration fighters. This would hardly be feasible for
the air-refueled case considered.. And for high-performance bombers, the
ground-refueled system would provide great flexibility in the choice of routes,
speeds, and altitudes of penetration and make possible the large payloads that
might be demanded in connection with the advent of H-bombs.

A growing Russian defense forces us to the use of high-performance
comparatively short-radius bombers. At the same time, an increasing Russian
offensive power will compel us to keep as much as we can of the vulnerable
part of our strategic complex a long distance from the enemy’s borders. In
such a world, a system for basing our bombers at home within the cover of our
radar network and extending radius to target by means of dispersed overseas
refueling stations appears to be important for a large part of our strategic
task; and it is capable of combination with methods suited to accomplish
“ the rest.
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A. The Base Systems Evaluated

THE FORMERLY PROGRAMMED SYSTEM FOR 1956

With its ingenious Mobility Plan as an essential feature, the Air Force had
developed a strategy for the basing and use of its 1956 bombing force in a
period of low SU atomic capabilities. The programmed use took into account

‘both the restricted unrefueled radius of the projected bomber force and the

vulnerability of the base areas. This strategy is the necessary point of departure
and standard of reference for a study of alternative base systems. Accordingly,
its major and more or less stable elements are described below. The strategy
was never hard and fast. It is now in the process of rapid change, particularly
in the matter of base defense. The following outline indicates the major
planned features of the base system as of a year ago.

The bombers programmed for operation in 1956 included approximately
(1) 1600 B47's and RB-47’s, (2) a wing of B-52's, and (3) 300 B-36’s
and RB-36’s. The combat radii of these aircraft with A-bombs, according to
the usual national military establishment rules, are, respectively, 1750, 3060,
and 2950 n mi. The actual radii these planes will attain on a bombing mission
will be smaller than the figures shown, depending among other things on the
condition of the plane, pilot technique, and the necessities of mass formation
flights. A tanker force consisting mainly of 720 KC-97's is also projected. As
the B-52's come into the force, the B-3G’s are expected to be phased out—
perhaps to be used as tankers, as carriers of small reconnaissance planes, etc.,
in varying proportions in the next years. In any case it is clear that for some
time to come our bomber force will be composed primarily of medium bombers
with a radius of 1750 n mi.

Up to the outbreak of war, roughly three-fourths of the medium-bomber
portion of this force would be based on some 30 fields in the United States |
(see Fig. 19). The force would be supported by several Zone of the Interior
(ZI) depots, two of which would contain most of the spare parts for the B-47,
with five depots supporting types of strategic bombers. The other one-fourth
of the force would be deployed on rotation on perhaps 14 of the 30 foreign
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Fig. 19—Z1 SAC bases

operating bases in accordance with the SAC overseas rotation program. The
U.S. bases closest to Russia—Limestone, Maine, and Fairchild, Washington—
are anywhere from 3300 to some 6700 n mi from major Russian industrial
targets, if distances are measured along flight paths which minimize the dis-
tance traveled through enemy defenses and which take into account some of
the realistic requirements affecting the choice of refueling points. These dis--
tances of course exceed in length the great-circle measurements.

- After the outbreak of war, thﬂg_lgﬂi_ty_ﬁl_a_n_ggll:dimthamoﬁngisub»

antially all combat-ready medium-bomber wings overseas to operate from
mﬁﬁmm The movement of wings under this plan
was to be accomplished with the aid of transient airlift consisting of about
40 trips by aircraft of a capacity equivalent to the C-54 for every medium-
bomber wing. The combat aircraft would carry a large part of the personnel

and equipment needed for 100 flying hours. They would remain at the over-
seas bases for several days en route to the targets for their first strike. The

¢Since early in 1954, however, revisions in Air Force plans have moved away from sole reliance
on this method of operation for medium bombers. As of the date of publication of this report, the
Air Force appears to contemplate operation of some medium-bomber wings from the ZI, staging
them through overseas bases in a manner similar to that discussed below. Therefore, when reference
is made to a base system which utilizes overseas operating bases for all medium bombers, it will be
called the formerly programmed system.
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gpporting elements of the wing would follow the combat aircraft overseas,
with almost all the air echelons of the wings expected to be transferred in
about 2 weeks.

The heavy bombers are cxpected to operate in a way essentially different
from that projected for the medium bombers. After the outbreak of hostilities,
the heavy bombers would continue to maintain their base of operation in the
United States, using the overseas bases largely for staging purposes only. They
would, however, be on these overseas bases for considerable lengths of time
to permit crew rest, etc.

The overseas base system will consist of some 82 bases. As of 1952, some

32 of these were expected to be operating bases, and the remainder, staging
bases only. The 143-wing program called for 24 overseas operating bases for
medium bombers, and for 58 other bases, consisting of strategic fighter oper-
ating bases, heavy-bomber, medium-bomber, and strategic-fighter staging bases,
and emergency bases. Some six major depots were projected to support this
strategic base system.

Figure 20 indicates the approximate position of these bases. Formerly it had
been antxcxpated that about two-fifths of the overseas bases would be in two
areas, the United Kingdom and French Morocco, the remainder being rather
widely distributed. The bulk of the staging bases, but none of the operating
bases, were expected to be in the Middle East. Some of the areas in the Middle
East are now regarded as also being possible operating base sites. The radii
to nearest Russian industrial targets from appropriate parts of this base system
are anywhere from 350 to 3000 n mi if distances are measured along flight
paths which minimize distances flown through enemy defenses. '

The preceding description roughly characterizes the programmed base system
with respect to its employment in attacks against targets in Russia. A description
follows of some of the characteristics of this base system as itself a target—a
possible object of attack from Soviet. or satellite countries.

It is clear that all the U.S. ZI bases are beyond the unrefueled two-way radms
of the TU-4 bombers which are anticipated to be the principal components
of the enemy’s long-range air force in 1956. They are, however, within one-way
range, and, with the aid of refueling techniques, the enemy could approach
all our bases from a variety of angles. Eighteen of these bases are situated near

he Atlantic or Pacific coasts or along the Canadian border. These bases are
close enough to the edge of early-warning network to have less than 2 hours’

-
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warning and some will have under 1 hour’s warning. Interior bases will
have over 2 hours’ warning as will those in the south, unless the Russians can
follow minimum-penetration routes around the periphery of the ZL

The position of the overseas bases with respect to the Russian air attack

" is quite different. As those bases were planned until recently, one-third of all

the operating bases would be within light-bomber radius of enemy forces, and
none would be beyond medium-bomber unrefueled radius. Over half the pro-
jected staging bases were to be within reach of enemy light bombers; and most
of the rest, within enemy medium-bomber radius. For reasons connected with
logistics, about five-sixths of these overseas bases were within 100 mi of
the sea. '

A considerable active defense has been planned for the protection of this
base system. In the ZI, defense will be provided by the Air Defense Command.
In addition, over $3 billion will be spent for some 30 squadrons of all-weather
interceptors and about 40 battalions of antiaircraft to be used primarily for
the defense of overseas bases. These will be stationed overseas in peacetime as
well as wartime for the defense of both operating and staging areas. In addi-
tion, some 10 wings of strategic escort fighters, deployed in accordance with
the Mobility Plan, will be available for base defense at the critical times when
the bombers are on base. Varying amounts of protection will also be provided
by active defense forces intended primarily for other purposes—the Navy,
NATO, etc. |

For the passive defense of the system, in contrast, rather moderate amounts

. are to be expended. Viewed in the large, it is apparent from the description

above that there is to be a considerable concentration of the vital elements of
the strategic force in relatively few bases and depots. Analogous comments
apply to local concentration of functions within specific bases and depots. In
the ZI, aircraft are parked on hardstands and grouped closely to economize
on construction costs.* The buildings are, in general, located near the optimal
bomb aiming point for the aircraft and have been constructed in accordance
with regulations calling for economies in construction and operation through
concentrations of structures within the limits of the standard fire safety clear-

*The criterion suggested in MCAIZD-2: ML: mgr, January 31, 1950, is “the minimum clearance
necessary to reduce the detrimental effects to engine blasts on equipment and/or personnel em-
ployed on or near aircraft parked to the rear.”



ances.® Bulk storage of petroleum is generally accomplished in a single tank
farm, frequently above ground. Operating storage of fuel is usually below
ground. Aircraft supplies, it appears from AFR 864, are generally situated
as close as can be managed to the maintenance and repair shops. No systematic
attempt is made to disperse the storage of a given item. Overseas, passive
defense measures have been used somewhat more than in the ZI. There is a
trend toward the use of a larger number of operating bases, and the individual
bases are on the whole larger and more dispersed than in the ZI. However,
the forms of dispersal are designed for protection against high-explosive attack
and would be comparatively ineffective against atomic weapons. |

As one important measure for the protection of its force based in the ZI,
the Air Force has developed an evacuation plan. If warning of an enemy attack
is received in sufficient time, the crews of all combat-ready planes will
assemble; the necessary equipment needed for 1 month’s operation overseas
as specified in the Mobility Plan will be loaded on the planes; and bombers
will be immediately deployed overseas. If there is not sufficient time to com-
plete preparations for deployment, all flyable aircraft for which skeleton
crews are available will be flown to predesignated orbiting areas until the
danger has passed. These planes will return to home base if possible; otherwise,
to predesignated alternative emergency fields.

While some of the specific numbers were altered from time to time—the
proportion of operating to staging bases, of medium bombers to heavy bombers,
and so on—the general outlines of the formerly programmed system are clear.
It was a system made up mostly of medium bombers, based in the United States
in time of peace and moving overseas in time of war, with some heavy bombers
based in the United States using the overseas areas for staging only. |

"THE REVISED OVERSEAS OPERATING BASE SYSTEM

We shall refer frequently to the destructive potential and vulnerability of
a second base system, closely related to the formerly prcgrammed system for

* AFR-86-4, Master Planning, March 23, 1951, reads, in part: “a. Building Area. The building
area should be planned to minimize the distance traveled by personnel in performance of their
duties. Housing area for school troops should be located as conveniently as practicable to the school
structures and technical area, and base personnel should be housed close to industrial, utility, and
_administrative areas. . .. Consideration will be given to the maintenance of required fire breaks and
- building separations in all planning. b. Warehouse Area. Warehouse and storage areas should be
located to minimize the amount of construction required for railroad spurs and access roads....In
many instances, it is advisable to locate the warehousing area adjacent to, or as an integral part of
aircraft maintenance and repair shops and within the prescribed distance from main crash and fire
station to avoid the need for additional fire stations.”
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basing medium bombers. Like the formerly programmed system, it involves
the location outside the country of operating bases—i.e., bases to which
bombers return after each strike in the war and where, in general, they remain
during the intervals between strikes. What is more, the specific locations of
these bases are assumed to be chosen from among .the 82 overseas locations
now programmed. For some of the campaigns studied, something less than the
total 82 locations is required. For other campaigns, used for testing the value
of squadron dispersal, more than 82 bases are assumed. (In the latter cam-
paigns, the extra bases are assumed to be distributed geographically in the same
way as the other 82 bases.) As in the programmed system, 2 moderate number
of tankers is required as a supplement to the programmed overseas bases.
These are needed especially for penetrations to the North Russian targets by
the B-47. However, this revised overseas operating base system differs from
the formerly programmed system in that the overseas bases are more strongly
defended: (1) The individual bases are altered to reduce the physical vulner-
~ ability of the elements on the base, petroleum storage is dispersed and, where
possible, placed underground, aircraft parking is spread around the periphery
of the base, and underground or other blast-protective shelter for personnel
and essential supplies and equipment is provided; (2) the operating force is
defended by very much more local defense (Loki- and Nike-equipped anti-
aircraft battalions) and by approximately the same interceptor force as that
programmed; and (3) it has more radar cover, especially at low altitude.

These points of difference from the formerly programmed system distinguish
- the revised overseas operating base system. Other points of difference it shares
with the two alternative systems to be described next. Like them, it differs
from the programmed system in that it has a more elaborate passive defense
for its ZI bases. The main aim of this extra passive defense is an increase in
the probability of evacuation. This means more radar, the transfer of bases to
the interior, and modification of the Air Force's evacuation plan to increase
the number of planes evacuable at a given time. The major modifications,
which are described in detail later, include (1) separation of the problem of
evacuation from the problem of deployment, (2) the holding on base at all
times of a minimum evacuation crew for a substantial proportion of the air-
craft, and (3) provision of egress taxiways, wherever feasible, to permit the
taxiing or towing of nonflyable aircraft off the field.



INTERCONTINENTAL AIR-REFUELED SYSTEM

This system employs opcrﬁting bases in the ZI only and relies exclusively
on air-refueling to extend the radius of our 1956 bomber force to targets. For
protection of the aircraft in this system, it is assumed, as has been indicated
" in the preceding description, that both tankers and bombers operate from
bases well within the cover of the early-warning network in war as well as
in peace. To facilitate measurement of the tanker requirements, it was assumed
that the bombers and tankers both stage through bases in the Limestone or
Spokane regions. Bombers and tankers are assumed to be based jointly. Because
of the large number of tankers required per bomber in the force, this results
in considerable multiplicity of bases and dispersal of bomber operations.

Where, as is invariably the case with the medium bombers, the assistance of
more than one tanker is needed to extend the radius to Russian industry targets,
it is generally assumed that there will be no more than one meeting point for
fuel transfer on the target-bound leg of t‘he‘mission, and no more than one
on the home-bound leg. This is assumed in order to reduce the difficulties of
rendezvous. And while it diminishes somewhat the uncertainties of multiple
refueling, there remains considerable question as to the operational feasibility
of this system. The analysis proceeds, on the assumption of feasibility, to trace
the costs involved.

INTERCONTINENTAL GROUND-REFUELED SYSTEM

This system, like the preceding one, keeps primary bases for operation
against Russian industry well within the cover of the U.S. radar net in war-
time as well as in peacetime. &We ZI and refuel overseas
E%ik;amd in some cases prestrike and_return to their home bases in the
- Unite tes after_each strike. In the interval between strikes, they remain in

the ZI. The time spent on overseas bases is shortened by limiting the function

‘OLJQ[;;SCS essentially to refueling only. No crew rest is provided on these
bases; crew exchange is used instead. The overseas bases, while minimal in
function in the sense that they are confined essentially to the purpose of refuel-
ing, are not minimal in the equipment provided to fulfill this function. A
high-speed hydrant refueling system is assumed, having a larger number of
hydrants than is presently programmed for overseas bases. The runways and
taxiways meet the full requirements for a permanent bomber base according
to the standard Air Force criteria. They have in fact been designed to provide
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greater passive defense through dispersal in parking and the availability of
taxiways or emergency runways. All petroleum storage, both the bulk storage
‘as well as the operating storage, is underground and dispersed. Shelter, in
some cases underground, is provided for the small number of elements of the
base requiring protection against blast, such as the hydrants themselves and
the few people on the base.

The overseas base locations used for refueling in this system, except where
noted, are assumed to be those now programmed for either operating or staging
bases. As in the case of both the programmed and the revised overseas oper-
ating system, a comparatively small force of tankers—mostly KC-97's—is used
as a supplement to extend the radius of the medium bombers to those targets,
particularly in North Central Russia, which are more than 1750 n mi from
the overseas base locations assumed. In addition to this, as insurance against
the loss of advance bases, a portion of the bombers is assumed to be con-
vertible to tankers in the event of such loss.

MIXED OR INTERMEDIATE SYSTEMS

Not only the programmed system, but the three additional base systems
described are in a sense "mixed.” They all involve a multiplicity of elements:
bases, tankers, several types of bomber, etc, All but the exclusively air-refueled
- intercontinental system involve overseas bases. However, they do represent
certain extremes. The revised overseas primary system, by accepting the over-
seas base locations as formerly programmed, permits focus on certain problems
essential to overseas primary basing. In the analysis of this system we explore
the feasibility and cost of defending against atomic attack a system in which
bombers are kept overseas in the intervals between strikes. The air-refueled
case uses air-refueling only for all radius extension outside the boundaries of
the United States. -

It is clear that we might multiply these cases without limit. And between
the various extremes studied there are several interesting intermediate cases.

Mixtures of the Overseas Operating Base and Exclusively Air-refueled Cases

The exclusively air-refueled system we have described has its operating bases
in the United States. Since air-refueling costs rise at an increasing rate with
increasing distance from targets,* it is natural to ask about the comparative

*See Figs. 27 and 28, p. 76.
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merits of an exclusively air-refueled system with its bases of operation some-
what nearer the targets. This would mean in effect combining the elements of
two systems: the revised overseas operating base system and the intercontinental
air-refueled system—i.e., an overseas operating base system more remote from
enemy striking power (and the targets) than the revised overseas operating
base system described on pages 8 and 9, and an exclusively air-refueled
system closer to targets (and to enemy striking power) than the interconti-
nental system described on page 10. Intermediate systems of this type are dealt
with in Part III. We may anticipate the results of that analysis. There is a
sharp discontinuity in the vulnerability and in the costs of base defense between
operating bases outside and operating bases well within the deep interceptor-
backed U.S. early-warning network. This jump in the cost of defense and
expected damage to elements on base, coupled with the added logistics cost
of operating outside the country, must be set off against the reduction in
expenditures needed for tankers obtained by moving closer to the target. This
intermediate case combines some of the weaknesses of both systems—much of
the vulnerability of the advanced overseas operating base system and some
of the high radius-extension cost of the exclusively air-refueled system.*

Mixtures with the Ground-refueled System

Another type of intermediate system that might be studied would combine
elements of either of these two major alternatives with the ground-refueled
alternative; e.g., a system involving intercontinental operation with prestrike
air refueling and poststrike ground refueling, or an overseas operating base
system beyond unrefueled TU-4 radius from Russian borders supplemented
by refueling bases closer to targets. Such systems are also dealt with briefly
in Part III. They are intermediate in effectiveness, and their cost lies between
that of the intercontinental ground-refueled operation and the other major
alternative studied.

*Where reference is made below to an overseas operating base system, it will be the advanced
overseas operating base system that is meant. The intermediate overseas operating base systems will
always be so. labeled.
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B. Criteria for Base Evaluation: Objectives,
Obstacles, Uncertainties

Figure 21 shows a RAND industry system which is taken as the object of
destruction in some of the campaign analyses presented in this report. This is

~ an extensive system of aiming points covering a very wide range of Russian

industry. In the majority of the campaign analyses presented in this study, -
however, a narrower target system is used, which consists of 100 RGZ. The
specific aiming points (RGZ) selected in this narrower system account for a
large proportion of USSR capacity in steel, petroleum, nitrogen compounds,
aircraft engines, and motor vehicles. (And given the lethal radii of bombs
used in the campaigns presented, the destruction of these aiming points carries
with it as a bonus a rather high probability that a good many plants—roughly,
an equal number—in other industries will be destroyed at the same time.) It is
clear that a successful campaign against this target system would seriously
reduce Russian capability to wage war. However, for our purposes the essential
traits of this target system concern its geometry. This is more or less typical of

other Russian industrial-target systems, with some._deep-penetration-targets,
a scattering of targets in the Far East and Central Russia, and much the

heavi entration in Wesma; a considerable number of-targets
;M%YnessTme and a large number are in the summer
daylight region. ‘ :

The geographic distribution of the 100-RGZ system, the aiming points of
which are all included in the larger target system, is very similar to the one
shown in Fig. 21.

We shall use, as a criterion for choosing among the various base systems
compared, the least cost to destroy, in the first two months of the war, the
major part of these fixed Russian industry-target systems. And we shall also
compare systems in terms of the reverse criterion: the number of industry
targets they can destroy on the basis of various budget expenditures. Such a
procedure for comparing base systems in terms of their ability and cost to
achieve this well-known objective of our strategic force appears straight-
forward enough. In fact, it is not. The objectives of our strategic force are
considerably more complex than their usual representation as a “phase 1"
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A- or H-bomb destruction of Russian heartland industrial targets. They are
multiple, more complicated in time pattern, themselves affected by base choice,
and in large measure contingent and uncertain.

OBJECTIVES OF THE STRATEGIC FORCE

Targets
First, consider the targets The Joint Chiefs of Staff (JCS) have made it
explicit that our strategic force has targets of the highest priority besides

Russian industry—the air bases of the Soviet long-range air force, and long-
range retardation mrmm’ﬁch .
ifi the defense of the United States; the second, in the defense of Western
Europe. The strategic force may, moreover, be called on to attack satellite
targets with nuclear weapons; to deliver high explosives against friendly and
neutral areas overrun by the enemy; or, in later phases of a long war, which
might exhaust our stock of nuclear weapons, to deliver high explosives against
Russian targets. It might be required to attack urban areas rather than specific
“point”. targets, such as industrial plants. If the war develops along lines
requiring reoccupation by NATO forces of all or most of Europe, it may
have an important role to play, with or without A- or H-bombs, in preparing
for such reoccupation. And as Korea demonstrates, it may be called on to play
a quite different role, involving high explosives only, in peripheral “warm”
wars. Aside from these hot and warm wartime objectives, our strategic force
is also supposed to serve a peacetime purpose which is related to but distinct
from its capabilities in the event of war—namely, deterrence. In fact, the
purpose of our bombing force has been stressed* as being primarily deterrent
and only secondarily contributing to the winning of a war, once started. Pre-
paring a deterrent force is not necessarily identical with preparing a force
capable of the maximum contribution to victory ence the war has begun.

Timing

Second, consider the question of the timing or phasing of the strategic
bombing attacks. Time figures in both the popular and the offical versions
of the purpose of the strategic force. Its importance is generally expressed in
the description of our goal in terms of an immediate response to attack, start-

s See, for example, Secretary Finletter's speech before the Patent Law Association of New York,
February 26, 1952, in USAF Research and Developmens Quarserly Review, 2d Quarter, 1952.
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ing with the destruction of Russian targets as soon as practicable after the
outbreak and maintaining a2 maximum intensity in the rate of destruction from
that point on. The phrase “instantaneous retaliation™ has been familiar at least
since the report of the President’s Commission on Air Policy* and since the
findings of the Congressional Aviation Policy Board.

It now appears in fact that timing considerations in bombing are essential,
but that in general the urgent targets are not the deep industrial targets with
which retaliation has been popularly associated. The timing requirements
differ for various types of targets and under varying conditions of vulner-
ability of the strategic force. For counter-air and retardation targets, at any
rate, it is apparent that a high early rate of destruction is critical. The object
of attacking the Soviet long-range air force is to forestall or reduce the
damage they inflict on us. And the earlier that is done, the better. Similarly,
it makes a difference to the defense of Western Europe whether the Soviet
advance is “retarded” in the first week3\of the war or considerably later.

If industry targets were the only objective, the motivation for a high, early
concentration would not be immediately apparent. So far as the effect on the
fighting front and on the ultimate outcome of the war was concerned, a lag
in the destruction .of steel rolling-mill capacity by, say, 1 month might not be
substantial. Rolling-mill production is in any case many months in time
removed from the consumption of finished munitions. An early concentration
of attack does not have the clear urgency that is so apparent in the case of the -
. destruction of the Soviet long-range air force. This is not the same as saying
that a high rate of destruction later is not called for. The rate of destruction is
obviously connected with the vulnerability and recuperability of industry tar-
gets. However, there are some industry targets which are clearly rather like
retardation targets, so far as the time requirements of their destruction are
concerned. Petroleum is perhaps one of the best examples. The destruction
of Russian petrolum might have a rather quick effect on Soviet capacity to
wage war.! v

The timing of our bombing strikes in preparation for a reoccupation of
overrun territory would have to be phased in accordance with still another
criterion, one which would take into account both the recuperation period of

*Surrival in the Air Age, Jan. 1, 1948.

tOne important argument for flexibility in the timing of bombing attacks, which concerns the
cost of reaching targets rather than the effects of their destruction, stresses the use of such flexibility
in deceptive tactics. An irregular pattern involving high strike concentrations may lower attrition to
encmy fighter defense.
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the targets and the schedule of reoccupation. The object then would be to
maximize the effect of destruction at the time of reoccupation.

Persuasive arguments have been advanced for a different time order of
attack and a different time frequency of attack for city-as distinct from industry
targets. It has been argued by some that the optimal psychological and political
effects would be achieved by beginning with a comparatively slow spacing of
attacks and, perhaps, increasing their frequency with time. (The latter version
of this argument presupposes the capacity to concentrate attacks in the later
period.)

Capacity for instantaneous retaliation is stressed in particular in connection
with deterrence. Such a capacity is intended to make clear to the Russians that,
whether or not they accomplished the objective of overrunning Europe, the
cost to them would be certain, immediate, and more terrible than such a victory
would be worth. How essential is the instantaneity as distinct from the certainty
and effectiveness of the retaliation for deterrence? Instantaneity of destruction
(that is, a very high early rate of destruction) is of dubious worth for winning
the war. It might have some psychological force for deterrence. But it might
just as well be argued that an inexorable, slower advance has its own terror.
And there would be very little basis for choice among these horrors.

But the value of speed here is not easily separated from the question of cer-
tainty and effectiveness. If we get in our strikes fast, we may get in more of
them. This is especially so in the case of the counter-air targets. If we strike fast
and frequently, we can get in more strikes against their long-range air force
bases (provided we can find them and find bombers on them) and we may also
get in more strikes against their industry.

However, the certainty of our strikes depends on other factors as well.
Specifically, it is related to base vulnerability and the position of our bases
with respect to the level of attack the Russians can muster. Putting all our
bomber force forward in peace as well as in war, so that it is at all times poised
to spring, would not insure our quick retaliation. As the Air Force recognizes
in its Mobility Plan, it would invite extinction of our power to retaliate for a
long time to come. Increasing the strike-rate capacity beyond a certain point
may be more expensive than microscopic and macroscopic active and passive
defense measures as a device for insuring the ability of the force to perform
its tasks. Base decisions may affect the deterrent power through their effect
on the capacity of the force to retaliate—either by affecting our strike rate,
enemy attack aside, or, taking enemy attack into account, by affecting the vul-
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nerability of our attacking power. The disposition of our forces in Pearl Harbor
invited rather than deterred the attack and destruction of our force.

TARGET SELECTION AND BASE SELECTION

The difference in deterrent power of alternative base systems illustrates the

fact that the comparative advantage of various base systems must be measured
in terms of their contribution to the multiple and complex objectives we have
listed. And these advantages vary with changes in the objective. Retardation
targets might favor smaller aircraft with higher sortie capability and compara-
tively short combat radius, and base systems that would permit such aircraft to
‘operate economically. Some of the secondary objectives mentioned above also
favor base systems which facilitate the use of smaller aircraft. On the other
hand, a deep industry-target system might call for quite another base-aircraft
combination. Base systems are unequally adapted to the quick launching of
the first strike or the maintenance of a high rate of attack. For these reasons a

change in the list of targcts or in the desired schedule for their attack affects

base choice.

But there is an interplay here. The target set we select is affected by our
choice of bases. Alternative targets must be viewed from the standpoint of the
differences in our cost to destroy them as well as from the standpoint of what
their destruction yields in the balance of military power. And base weapons
complexes differ in their cost to hit specific target areas. For certain base-
aircraft combinations, a variety of remote targets may be more trouble than they

are worth. An overseas B-47 system has a particular advantage for South Rus- -

sian targets; and, because of the paucity of bases in the north, it has 2 much
smaller advantage there. An air-refueled U.S.-based B-47 system is better in
the north than elsewhere and is totally unsuited to hit several important South
Russian targets. Again, in selecting targets we might consider those involving
relatively shallow penetrations and those involving comparatively short total
radii. But such groupings would mean different things for differing aircraft
and base combinations.

In this study, we have been concemed more with the interdependence of base
and aircraft systems than with the interdependence of base and target systems.
We have not attacked the difficult problem of valuing targets in terms of what
their destruction might accomplish in various sorts of war. As our point of
departure we have taken an industrial-target system used in several of the cur-
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rent RAND weapons systems analysis.* However, it has been our purpose to treat |

this target system in a way that preserves geographic diversity, brings out the
differences in cost to reach targets in different regions, and so forms a partial

basis for future selection among these industrial targets and for the substitution

of new targets.'

UNCERTAINTY AND EVALUATION

Our account of the multiple and complex objectives of the strategic air force
and their interdependence with the problem of base selection suggests some of
the uncertainties of an evaluation of strategic air base systems. Some of the
objectives described, e.g., those generated by the defense of Europe or, perhaps
at a later and closing phase of the war, by the preparation for reoccupying
Europe, involve a good deal of uncertainty precisely because they are closely
connected with the actual course the war might take. But they are not less
important for this reason, and the appropriateness of our base systems in these
circumstances has a bearing on our decision.

Such uncertainties in the very objectives of the strategic force must be coupled
with large and necessary doubts concerning the major factors related to the
accomplishment of our objectives. We cannot be entirely sure about the level
and composition of Soviet capability for long-range attacks against our air
bases. Similarly, we have no exact knowledge of the level, the composition, and
the effectiveness of Russian defenses against our air attacks. The same status
obtains for the costs and performance characteristics of our own future weapons
systems, the accuracy and lethal radius of our bombing, and the recuperability
of Russian targets. Some of these uncertainties are large, and any one of them
may affect a close comparison among alternative systems. For example, the

*See, among others, G. H. Clement and C. P. Bahrman, Missiles System for Strasegic Bombard-
ment, The RAND Corporation, R-248, November 20, 1953 (Secret—Restricted Data); and L. B.
Rumph, Low Altitude Strategic Bombing Systems, The RAND Corporation, Research Memorandum
RM-1007, December 1, 1952 (Secret). This target system, which has no official Air Force status, was
prepared originally for the purposes of the RAND Missiles-Aircraft Study (R-248 and related docu-
ments).

*(%ur analysis of alternative base systems has another sort of relevance for target selection;
namely, in connection with evaluating a counter-air target system. On the basis of our analysis of the
vulnerability of our own strategic air bases and of methods available for reducing this vulnerability,
it is possible to make some inference as to the likelihood of destroying the Russian long-range air
force on the ground. This is one component of the decision as to the advisability of taking the long-
range Soviet air force as a primary target. The problems of destroying the Russian strategic force
are discussed on pp. 365f. '
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amount of effort that the Russians devote to air defense, the way they divide
this effort between area and local defense, the geographical distribution of area
defense, and the effectiveness of such defenses as against our own deceptive
tactics and countermeasures may very well affect judgments concerning attrition
rates by a factor of at least 10. In fact, competent analysts differ in their antici-
pation as to the probable rate of attrition by this amount. Some of the attrition -
models used in systems analyses have involved enormous cell sizes in order to
insure 50 per cent probability of survival on any given strike. On the other
hand, 90 per cent probabilities of survival in connection with strikes involving
much smaller cell sizes are anticipated by analysts having a lower estimate of
Russian defense capabilities. These assumptions exhibit gross differences in
their implication for the size and number of strikes required to accomplish a
fixed task of destruction, the prospective number of re-uses of a bomber, and a
host of other system elements.

OBJECTIVES AND UNCERTAINTIES

It is plain that, given any combination of types of bases and weapons, the
~ level of costs to destroy a fixed number of targets or, having a fixed budget,
the absolute number of targets that may be killed will vary widely, depending
on how these uncertainties are resolved. This means that no simple, straight-
forward answer is possible to the question of the destruction potential of a
given strategic force or the cost of a fixed job of destruction. A proviso is
implicit regarding the level of enemy defense and offense capabilities. Even
more critical for purposes of comparison and choice among systems, the relative
costs and effectiveness of the systems compared depend, in general, on the level
of enemy capabilities.

It is even plainer that the absolute and comparative performance of systems
depends on how we specify our campaign ob)ecnves, and these, we have seen,
are rather fluid.

Such uncertainties are responsible for some of the principal characteristics of
our method of investigation: (1) Throughout our inquiry we have looked for
gross differences in the relative cost and effectiveness of alternative base sys-
tems, and specifically for differences of the sort that have a chance of surviving
any likely resolution of these uncertainties. (2) In analyzing relative differ-
ences, we have addressed ourselves to the question as to which systems have a
clear advantage rather than to the question as to precisely how much better one
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system is than another. (And where we have not been fortunate enough to have
found such clear alternatives, we have much less confidence in the distinctness
of the advantages shown.) (3) The comparisons have been made with the
following gross uncertainties in mind. (2) We have tested the systems for a
very wide range of enemy offensive and defensive capabilities. (4) We have
taken as one test the determination of which systems are least dependent on
certain knowledge of the level of enemy capability. (This is different from the
preceding point, which refers to tests in which our losses on the ground and in
the air range from low to high figures, but it is assumed that these losses are
correctly anticipated. This second variety of test investigates the consequences
for different strategic systems of having assumed one level of loss when in

fact another is experienced.) (¢) While the criterion evaluation is the
destruction of a ific industrial-target system in_aj 2-month campaign,| with
B S 4

no other time restrictions imposed, we have kept in mind some of the other
objectives and have examined the various systems for their relative flexibility
in industry campaigns with other time patterns and a larger number of indus-
trial targets, in atomic campaigns with other objectives than industry, and in
other types of war. (4) We have tested the systems for their performances
under a variety of political circumstances involving the loss of bases.

The number of targets destroyed with a given force is affected (1) by the
difference in attrition suffered on the ground by varying systems; (2) by
the differences between the cost of holding a bomber and crew in reserve to
replace attrited aircraft, as distinct from keeping it in the force sortied, with
the attendant costs of tanker support or other means of radius extension; and
(3) by the differential cost of flying alternative flight routes and altemative
flight profiles to target and the associated differences suffered in attrition at the
hands of enemy air defense, etc. These latter factors exhibit certain broad dif-
ferences according to the base system assumed. We have investigated in con-
siderable detail such gross base factors affecting systems cost and effectiveness.
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C. Bases and the Total Weapon System

Base determinations depend closely on the predicted characteristics of the
weapon that will be using the base. Among aircraft, for example, turbojets
fare worse than turboprops with increasing distance from the target. The cost-
increasing effects of extending combat radius are more drastic at very low and
very high altitudes and at very high speeds. For this reason base systems which
reduce combat radius show to better advantage in the context of turbojet sys-
tems, and increase in preferability with increasing extremity in altitude and
speed of the planes we choose. To take another example, bombing systems with
a short supersonic capability fare best when their short capability covers a large
part of the total distance penetrated over enemy defenses—or when their short
capability covers much of whatever part of the penetration path is more heavily
defended than the rest (perhaps because it is in daylight). Then their brief
supersonic dash may enable them to elude most of the area defense. Bases
chosen 50 as to reduce such penetration paths may appear in a particularly
favorable light if we assume that the Air Force has a considerable proportion
of such bombers. _

For such reasons base selection depends on weapons choice. It is also clear
that, for converse reasons, weapons choice is not independent of base selection,
and that, where both choices are open to us, they should be made jointly.

However, for some time in the future the choice is not open. The types of
bomb carrier that will make up the major part of our strategic force in combat
units are more or less fixed for the rest of this decade. And in this report the
principal application of the analysis is to a decision among broad alternatives
for basing this programmed force. For this purpose we do not face the dif-
ficulties of joint decision on the bombers as well as the bases. We can avoid or
defer not only the choice of type of bomber, but also the question facing pro-
curement as to the optimal mixture of the programmed medium- and heavy-
bomber types. This is possible because our findings indicate that the same
fundamental method of basing is best for both the medium- and the heavy-
bomber components of the force.* The problem of base choice in the context of

*Such a procurement decision, however, it appears from our analysis, will be strongly influenced
by the base system assumed.
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 the programmed bomber force is made easier also by the systematic analyses,
made both at RAND and by the Air Force, of the probable performance character-
istics of each of the programmed carriers and of their behavior in penetrations
through Russian defenses. With changes appropriate to the large variations
treated in methods of basing, we have made extensive use of this material.

While this study has been confined in application largely to the programmed
1956 bomber force, the importance of the role of base decisions in connection
with both future procurement and future research and development appears
clear. Base choice affects the total weapons system——-the hardware and the man-
ner of its employment.

EXAMPLE OF CHOICE OF POWERPLANT AND TARGET
RADIUS

Fixing the radius performance conditions for an aircraft- or missile-design
competition, and the method of evaluating the competition’s results, like choos-
ing the setting for a systems analysis, demands considerable care. The mere _
specification of a “mission distance,” say 2000, 3000, or 5000 n mi, covers a
multitude of assumptions concerning the actual physical distribution and rela-
tive importance of alternative base and target complexes. And it has a potent
influence on our evaluation. In particular, the so-called intercontinental mission
distance requires re-examination and clarification. A comparison of turbo-
props and turbojets at a combat radius between 3000 and 4000 n mi will be
strongly influenced by the fact that, in the present state of the art, the combat
radius of unrefueled turbojets has an upper bound in that interval. Near such
a boundary, even at lower speeds, every small increment in radius means a huge
increase in cost for the turbojet as distinct from the turboprop.

TANKER CHOICE AND THE LIKELIHOOD OF EXCLUSIVELY
INTERCONTINENTAL OPERATION

Another instance of the interaction of base and weapon choice involves the
relative merits of using bombers convertible to tankers to refuel similar bombers
(say, a B-52 refueled by another B-52), as compared with using for this purpose
aircraft designed specifically as tankers (e.g., 2 KC-97 tanker refueling a B-52
bomber). This comparison is sharply affected by our view as to the availability
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of an overseas base system and the possible necessity of operating at a very

- long range.

One way of looking at it is merely to assume intercontinental operation, or, at

. any rate, to take as being by far the most probable eventuality the fact that

there will be no feasible overseas alternative. Then we can compute the com-
parative costs and effectiveness of various tanker-bomber combinations, neglect-
ing their use at any but very remote distances from targets.

Another way of looking at it would be to take account of the extensive over- (‘\
seas base system already in existence which the Air Force plans to use. Then the
total loss of the overseas bases and the necessity of operating at great distances
s3péars 20t a5 an assared or most probable event, put ratne 25 an wnllidly
contingency against which we want, nonetheless, to insure ourselves. Looking

at it in-this way, we have to compare the opcw various tanker-bomber
fg:ﬁ@__both in the most likely circumstances and in the unlikely evenit,and J'

. roughly weight their relative performances in these two circumstances accord- |

ing to the probability of each.

The first way of looking at the necessity for remote operation favors using,
for air-refueling purposes, aircraft designed specifically as tankers. This is true
particularly where we are considering the very-high-performance, high-cost
bombers of the future. The second way of regarding the matter, in which very-
long-range operation is only a matter of insurance, suggests attractive features
of a.refueling device which is usable for bombing. In the unlikely contingency
of remote operation it may prove successful; but in the most probable event—
namely, overseas operation from fairly close by—these potential tankers will
operate as bombers and so increase the effectiveness of our force. |

The aircraft designed specifically for tanker use, on the other hand, ninety-
five chances out of a hundred, may have very little use. Inasmuch as the Air
Force now plans to operate from an extensive overseas base system that is in
large measure already in being, this hypothetical example has quite practical
implications. _ . ,

CHOICE OF BOMBER FORCE UTILIZATION AND
BASE SUPPORT AND REFUELING COSTS

Not only the aircraft, but the strategy of their employment depends on the
base system. One important example concerns the following question: Should
we use all aircraft and crews which are available for each successive strike?
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Or, should we follow a deliberate policy of reserve? The results of prévious
systems analyses suggest that it is more efficient to withhold a large proportion
of the aircraft available as a reserve for replacement of losses suffered in suc-

~ ceeding strikes. Which method is the better depends in good part on the relative

cost per bomber of the operating and reserve forces, as well as on the expecta-
tion of ground loss due to enemy attacks. In analyses that indicate the compara-
tive advantage of the reserve policy, the cost per operating bomber has been
very much higher than that of a reserve bomber. Take the following cases. The
first is an overseas campaign assuming that all operating bombers and their
crews are stationed overseas in time of war, and that reserve bombers and
crews are stationed in the United States, two wings to a base, until they are
needed to replace attrited aircraft. In this case the cost per operating bomber,
including active defenses, is roughly half as much again as that of the reserve
bomber, even if we neglect the greater losses the operating bombers would
suffer on the ground from Soviet air attack. The second case is an interconti-
nental campaign in which tankers are used as the exclusive method of extending

~ radius—every operating bomber needs considerable air-refueling, and the cost

of the tanker force swells rapidly with increases in the proportion of operating
to reserve force. In these examples, the cost differences between operating and
reserve bombers and, therefore, the optimal reserve policy are a direct conse-
quence of the base policies and radius-extension devices assumed. These serve
to illustrate how the strategy of employing aircraft depends on base selection.

For such reasons as these examples illustrate, the juxtaposition of base prob-
lems with the problems of selecting weapons and the strategy for their use
should benefit the solution of all of them. In this study, however, the analysis
is not applied to the problem of bomber choice. The bombers programmed for
1956 are accepted. Their base systems and strategy of employment are varied.
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D. The Intercontinental Mission

The work of our strategic force is conventionally supposed to be the inter-
continental mission, but such a “mission” is not a task of the same importance

as the strategic objectives discussed earlier. It is one alternative means of accom-

plishing these ends—in the opinion of some, it is the preferred method; and
they can point to clear advantages. There are no problems of getting or keeping
base rights in foreign countries; the force is easier to support, and it has a lesser
vulnerability to enemy attack. (Our own investigation only reinforces the view
that, for strategic operating bases, the programmed deep U.S. radar network
with its interceptor backing means a sharp decrease in vulnerability and a criti-
cal change in the possibilities and cost of defense.) If the vehicles to be used
were single-stage unrefueled bombers with intercontinental radius, an inter-
continental strategy would have a further advantage in great simplicity of
operation.

The view that intercontinental bombing (single or multistage) is to be pre-
ferred over other alternatives has considerable force. The advantages of inter-
continental bombing are genuine; but they need to be stated more precisely for
evaluation, and they need to be balanced against the quite distinct advantage
of using various foreign overseas base systems.

THE MEANING OF INTERCONTINENTAL OPERATION

In evaluating various overseas base systems as against intercontinental sys-
tems, we have tried to select as a bench mark an intercontinental system that has
the typical advantages of comparative political and military invulnerability and
logistic convenience. This has involved some refinements in the precision of
these terms; for one part of the difficulty of weighing an intercontinental
strategy stems from the vagueness and, even more, the appositeness of the terms
employed. The use of such cartographical words as “intercontinental,” ““West-
emn Hemisphere,” and “North American continent™ is convenient. These terms
introduce in rough form the differences in logistic and in political and military
security which are without question a critical factor in base choice. They get us
into trouble, however, in discussions of strategy unless such discussions are
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extremely general, leaving both the enemy and our allies unspecified. They are
rough, general-purpose words, and they have been used in orienting our think-
ing about defense against Japan and Germany and many other enemies in other
wars. The geographical dividing lines that define their meaning are not only
somewhat ambiguous (is Greenland a continent or part of North America?)
but, more important, on any interpretation they bear a wholly accidental rela-
tion to the political and tactical separations and groupings that interest us in
a possible war with Russia. Politically, some countries outside the Western
Hemisphere, such as the United Kingdom, are quite as reliable in defensive
alliances against Russia as some of the countries inside these boundaries. In
. terms of their geometric distance and tactical considerations, the inadequacy
of the hemispheric and continental dividing lines is even more clearly visible.
Some parts of the North American “continent™ are separated from Russia by
only a little more than 20 mi. Alaska and Northern Greenland are much more
vulnerable to Russian air attack and are very much more difficult to defend
and support than such non“continental” areas as Iceland and the Azores. It
appears, therefore, that we should be cautious of a certain incontinence in our
use of the concepts “continental” and “intercontinental.”

In discussions of intercontinental strategy, it has been usual to include the
Arctic regions of North America as base areas for intercontinental attack.
Up to recently Alaska was popular, and now it appears that Northern Green-
land is taking its place. However, these regions do not offer the economies of
defense and logistics, or the insurance, which are the principal motivations of
the strategy. They appear to be an unlikely choice in a base system which might
deliberately exclude such areas as Iceland or French Morocco. For similar rea-
sons they would represent an extremely improbable surviving subgroup of a
system of overseas bases that started more inclusively and was reduced by
enemy action.

One of the purposes of this study is to develop a method of weighting regions
systematically (1) from the standpoint of the advantages they offer in close-
ness and angle of approach and penetration for attacking Russian strategic
targets, and (2) from the standpoint of the disadvantages they present in near-
ness to Russian attack bases and distance from our means of support. In this
analysis we consider the location of a region with reference to the level of
attack the enemy could bring to bear against it, the distance of the region from
planned early-warning networks, the contributions which forces needed for
other purposes might make to strategic operation in the location, the relation-
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ship to enemy targets, and the relationship to other U.S. bases. The effects of
such location are considered for each major base function. Parking and mainte-
nance of bombers on a U.S. base location such as Limestone, Maine, are af-
fected by the fact that Limestone will have less than an hour's waming time,

~ especially of low-altitude attack, until the present ground radar program is
- augmented by picket ships and airborne early waming and the proposed Cana-

dian extension. Until such a time, it will have a vulnerability for storing aircraft
on the ground relating it more closely to Iceland than to Omaha as an operating
base. Such simple alternatives as “overseas versus intercontinental,” or even
“United States versus foreign,” then, have a very limited use for our analysis.

There is a major discontinuity in the vulnerability of the aircraft parking
function when the location of this function is shifted to a position well within
the boundaries of the U.S. defense network. This discontinuity is the joint
effect of the extended radius from Russian bomber bases, the comparatively
reliable warning provided by the programmed radar to points in the interior,
and the interceptor backing of this radar which, together with the remoteness
and extent of radar coverage, makes it costly for the enemy to spoof and offers
time to filter out false alarms. Because of this discontinuity, we have taken,
amodg the major base alternatives to be considered, two apparently extreme
cases: the intercontinental air-refueled and the intercontinental ground-refueled
systems. Both of these systems have operating bases well within the ZI. In this
respect they both contrast with the overseas operating system. The intercon-
tinental air-refueled system tests the advantages and disadvantages of removing
from overseas areas not only operating bases, but also the function of ground
transfer of fuel. These intercontinental systems are compared with relatively
short-range overseas systems of the type programmed (and also with several
intermediate systems).

PREFERENCE AMONG LONG- AND SHORT-RANGE SYSTEMS

It is a most significant fact that, for the present and for some time to.come,
the Air Force has selected an overseas base system and has developed a force
of bomber systems for operation at considerably less than intercontinental
range. So far as an unrefueled, single-stage, two-way operation is concemed,

- we do not now have any bombers capable of starting from the United States,

hitting a significant number of Russian targets, and returning home. More-
over, none is programmed. Even considering multistage operation with the
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aid of tanker planes, the programmed mixture of bombers and tankers would
not sustain an extensive campaign against deep Russian industry-target systems
without the supplement of overseas bases.* This situation does not fit the
conventional notion of Air Force strategy.

One-way intercontinental operation is of course possible. And we might ask
whether other mixtures of bombers and tankers could sustain a two-way
campaign against Russian industry. Further, assuming that such mixtures are
feasible, we might ask more fundamental questions as to their cost and effec-
tiveness as compared with shorter-range alternatives. One of the most impor-
tant differences between our situation and that of the Soviet Union is that we
have and they do not have a choice between intercontinental and overseas
operation. Their operation against our industry must be conducted from remote
bases. We have a considerable range of choice among long-range and short-
range systems.

The position that intercontinental bombing is preferable to bombing from
overseas base areas that can be obtained in time of peace and which will remain
available for use in time of war should be distinguished from the view (1)
that intercontinental bombing is preferable to step-by-step seizure and occupa-
_tion of defended overseas bases in time of war, (2) that an intercontinental .
capability is a useful form of insurance against the contingency of losing
overseas bases once we have them. Both of these latter views have played an
important role in the development of a very-long-range mission for our strate-
gic bombers. It was the fall of France and the apparent imminence of the fall
of the United Kingdom that stimulated the first serious plans for an inter-
continental bomber in the early phases of World War IL' The very-long-range
bomber was first conceived as insurance against an emergency that did not
come to pass. As a method of delivering high explosives it was not preferred
over attack from close-on, e.g., from the United Kingdom. It just appeared
good to have in case the United Kingdom should not be available. On'the other
hand, in the Far East, there were no bases close to Japan until the “stepping-
stones” campaign was carried through successfully. Here a long-range bomber
was thought of as obviating delay in bombing the heartland of the enemy in

*Strategic Air Command Mobility Planners Guide, SAC Manual 400-1, p. 1-A-1: “A casual
inspection of the globe indicates, no matter who may be the enemy, almost any possible target lies
beyond the radius of medium bombers and fighters operating from the ZI bases. Heavy bombers, too,
for most effectiveness, require staging.” '

tSee Hearings, U.S. House Committee on Armed Services, Investigation of the B-36 Bomber
Program, 81st Cong., 1st sess., HR 234, Washington, D.C., October 5, 1949.
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such initial phases of the war.* Also, perhaps, though this is not as clear, it
was thought of as avoiding the necessity, in future wars, of seizing these bases
at all except insofar as this was justified by military ob;ectxves other than stra-
tegic bombing.*

None of the views described above supports the theory that intercontinental
bombing systems are a cheap or more effective substitute for closer attack
when close bases are available. In fact, it is apparent that for delivery of high
explosives, the purpose for which they were first planned, intercontinental
bombing systems are extremely expensive. A very large total tonnage has to
be delivered in a restricted period of time. The large tonnage means a great
many sorties. The restricted period of time means a grcat many aircraft and
aircrews.

The A-bomb changes this picture in several relevant ways. It appears both
to reduce some of the cost of intercontinental bombing and to raise the
marginal cost of overseas strategic air operations. It reduces the cost of inter-
continental bombing by increasing the destructiveness of bombing—and also,
it might appear, by drastically cutting the number of carriers needed and so
making the expensiveness of the aircraft themselves less important. And it
seems to increase the marginal cost of operating overseas by reducing the need
for nonstrategic air operations (tactical air, those of our surface forces, and
those of our allies). These would necessarily be overseas in any case, so that,
if they were needed on other grounds, they would contribute bases, base de-
fense, etc., free for the strategic force. If they are not needed for any purpose
other than the strategic overseas operations, then they are chargeable to it.

There is no doubt about the relevant and even critical changes introduced
by the A-bomb, and, perhaps even more, by the H-bomb. Nonetheless, their
effect on the comparative cost of overseas versus intercontinental operation
is not entirely clear. The strategic air campaign is a critical and effective part
of a many-sided effort, not a substitute for the rest. For one thing, the costs
of delivering bombs against defended territory would involve not only the
costs of the plane successfully making the delivery, but also the number of
aircraft wiped out in the process of penetrating enemy defense. In the face
of Russian defenses of any of the various levels presently anticipated, attrition
would be considerable, large enough to impel consideration of economy in
the force requirements for aircraft. These force requirements are 7o# negligible.

*1bid., p. 46.
t16id.
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Second, the effectiveness of the strategic force cannot be divorced from the
conduct of other military operations. The practical effects of the physical
damage and the recuperation period entailed by the bombing of enemy industry
and other strategic targets depend on the urgency of the enemy needs for the
bombed facilities. And this is imposed in part by the activity of other of our
military forces. Third, and most important, is the fact that there are other
U.S. objectives that are not easily accomplished by the strategic air force, no
matter how destructive it is. The costs of other military operations overseas
are, in general, referable to these objectives rather than to the cost of overseas
strategic bases. |

FOREIGN POLICY AND THE COSTS OF OVERSEAS
STRATEGIC BASES

It is not easy to extricate the question of costing overseas as against U.S.

base areas from questions concemning (1) our foreign policy objectives, (2),-

the role of a short strategic air campaign in achieving our objectives, and (3),
the roles played by other parts of the Air Force, the other services, and our allies.

In our analysis of the cost of overseas base systems, we have taken pains to
include all additional U.S. government expenditures which we could directly
trace to the use of such a system. This has meant including, besides the direct
costs of the Strategic Air Command (SAC), (1) certain other Air Force costs
for the use of interceptors, overseas depots, etc., and (2) other U.S. armed
forces expenditures for the Military Air Transport Service (MATS), Army
antiaircraft artillery, engineer battalions, pipeline and transportation companies,
theater medical corps, signal corps, quartermaster corps, etc., and -(3) some
foreign aid.

On the other hand, we do not believe that all, or even the major part, of
our military operations other than SAC or our program of foreign aid can
properly be charged to the cost of securing and retaining overseas strategic
bases.

United States economic aid programs cannot plausibly be attributed to the
cost of obtaining bombing bases. They were explicitly formulated* and carried
through (1) not merely for humanitarian reasons, but (2) because of vital
American interests in a stably expanding foreign trade relatively unhampered

*See European Recovery and American Aid, chort by the President's Committee on Foreign Aid,
November 7, 1947, pp. 17f.
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by state controls, and (3) because of the even more vital American political
interest in preventing our allies from being taken over by their indigenous
communist parties in a series of internal political changes fostered by economic
dislocation. None of these three objectives would have been accomplished by
improving our capacity for strategic bombing. When, at a later date, economic
aid to our Allies was directed at “defense support,” defense of the NATO
area was the main consideration. In this aspect, it was like our direct military
assistance program.

Nor can the costs of our military assistance programs and of our own military

" preparedness, other than for the strategic air force, be properly attributed to

the cost of overseas strategic bases. Aside from the defense of Europe and the
Far East and the security of communications lines (for U.S. trade as well as
for the support of overseas defending forces), some of the objectives of these
programs have been as follows: the development of a capacity to occupy enemy
territory and to reoccupy territory seized by the enemy; military aid to non-
communist countries subject to aggression of the Korean type, which, for one
reason or another, called for less than atomic war; and the interdiction of
advance bases from which the enemy might operate against the United States.

These are the basic U.S. policies and they are not quickly changed. It is
worth noting that in spite of the obvious difference in emphasis, there is very
considerable agreement on mest of these points among all the major figures
most likely to shape our foreign policy. No major political figure limits our
over-all foreign policy objectives and our over-all military strategy to hemi-
sphere defense. Almost all of them advocate economic assistance programs
and the building up of large tactical air forces, large naval forces, and, to
varying extents, considerable land forces. And this military capability is in-
tended to support other objectives than merely the defense of strategic over-
seas bases.® -

The official Air Staff view regards the strategic air offense as the first, but

not the only, fundamental wartime requirement. The defense of the North

*The relevant views of Mr. Eisenhower and Mr. Dulles are familiar. One may dte A Foreign
Policy for Amesicans, by the late Senator Robert A. Taft (Doubleday & Company, Inc., Garden City,
New York, 1951), which voiced many disagreements with recent American foreign policy but also
indicated these general points of agreement. The book (on p. 79) calls for large naval as well as air
forces and an extensive assistance to such nations as “Japan, Formosa, the Philippines, Indonesia,
Australia, and New Zealand; on the Atlantic side, Great Britain, of course.” And, on pp. 80 and 81,
Taft continues, “the power of great sea and air forces is not -necessarily limited to island nations.
The policy I suggest certainly does not abandon to Communist conquest the continental nations. In
the first place, we give economic assistance to many such nations, providing that they want that
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Atlantic Treaty area and of the Far East and the security of sea and air lines
of communication are explicit high-priority tasks. This view is consistent with
basic U.S. foreign policy commitments. Given such commitments, something
less than the entire cost of tactical air and our Army and Navy and of our
various programs of foreign aid will be chargeable to the use of strategic
bases overseas. No matter where we base the strategic force, we shall be keep-
ing the sea lanes open, we shall have fighter and air transport bases in a good
many parts of the world, we shall be contributing to the defense of our allies,
and we shall have forces capable of denying the enemy many overseas areas
from which he could intensify attack against the U.S. mainland. Various over-
seas areas to be used for strategic-base location interest the United States vitally,
then, for political and military reasons quite independent of their utility for
basing our bombers.

On the other hand, our interest in some of these areas may change, however
slowly, and, in spite of our interest, some may be denied us through military
action in time of war or political action in time of peace. A comparison of
base systems must take these contingencies into account. In determining the
minimum cost alternative of a variety of strategic base systems, it is important
to charge overseas systems with the considerable cost to be incurred specifically
to further the ends of the overseas strategic force. And it is important to test
base alternatives for their sensitivity to political as well as military changes.
Political expectations, however uncertain, have strongly influenced the desire
for a full intercontinental mission capability for SAC. In dealing with political
vulnerabilities, as in the case of military vulnerabilities, it is important to dis-
criminate the distinct problems and susceptibilities of each of the major base
functions. Here again it is fruitful to consider the separate landing, take-off,
and fuel-transfer functions on the one hand, and the functions that are dis-
tinctive of operating bases on the other.

assistance and use it effectively against Communism. We give arms, as we are bound to do under the
Atlantic Pact and as we are now doing in Indo-China, in Greece, in Turkey, in Formosa. An
adequate modern air force should be able to bomb the communications of any aggressor, its army and
air bases, 3nd its manufacturing plants and thus not only deter aggression but seriously interfere with
. its success. Probably strategic air power cannot prevent a land advance, but it can certainly play a
powerful part in the defense against such an advance and in the ultimate outcome of the war....
There are other examples in the world where it may even be wise or expedient to commit
some land troops with a reasonable chance of success. The entire continent of Africa is connected
with Asia, and certainly we might have to assist in defending the Suez Canal, 2s 2 means of main-
taining our connections by sea and of defending Africa, where there are many strategic materials,
valuable air bases, and a threat to South America. It may be possible to assist Spain. . .."
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E. Political Conditions of Overseas Base ‘Choice’

The problem of selecting points in space so as to minimize system costs
depending on various critical distances—distance to target, distance to sources
of base supply, distance of penetration over enemy defenses, distance from
enemy striking power to the base— is, of course, by no means merely a problem

in geometry. Political considerations are frequently dominating factors, since
they affect—

1. Whether or not a given country will make land available to the United
States for air base development;

2. Where it will make a base available—i.e., the exact location within
the co country with reference to transportation and population centers—
which, in turn, will affect the logistics cost, operational suitability, and -
possibilities of defense;

3. How long it will take to make the land available, mcludmg the lead
time required to obtain the base;

4. The method of financing and carrying through base construction, and
even the types of structures used;

5. The level of operating or manning which the country will permit;

6. The possibility of interference with base operations, by activities of
sabotage or the like, once a base is developed;

7. The likelihood of sudden withdrawal of base rights by the govem—
ment of the country granting them;

8. The mission of the base; and N

9. Our contribution to the land and sea defense of the country granting
base rights.

Any realistic consideration of the base problem has to conjure with these
political facts. They restrict the solutions possible and they also put a premium
on having a clear-cut program for base expansion, with alternates in case of

*Most of the material concerning the critical points of negotiation in obtaining base rights and

. on the political problems raised by the actual operation of bases was obtained from members of the

then Office of the Assistant for Air Bases: in particular, General Maddux, Colonel Crystal, Colonel
Clinkscales, Colonel Coddington, Colonel Temple, Colonel Stanley, and from various members of
the State Department.
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failure anywhere along the line from negotiation to final use.

Consider the first five points mentioned, which are closely connected. Take
the question of base availability. The problems here concern both the countries
‘which are securely allied with us and those whose alliance is quite uncertain.
It does not solve the problem, therefore, merely to sort countries into probable
allies on the one hand—and probable neutrals, probable enemies, and doubtful
cases on the other—and to stick to probable allies. Even our major allies, such
as France and the United Kingdom, have great difficulty in granting suitable
bases. The problems connected with the precariously aligned countries are
even more evident. Though it is possible to exaggerate the uncertainty of
~international alignments (in sorting countries, the relatively. certain cases do
"outnumber the doubtful ones), there is no question as to the importance of the
recarious areas. The mobility and uncertainty of political alignments in such
important base areas as' the Middle East are only too evident. Here and else-
‘where the problem is complicated by complexities in the relationships between
our major allies and the colonial and semicolonial countries, which are in
various stages of the process of detaching themselves from colonial dependency.

In the metropolitan countries the land problem is especially difficult. The
well-drained, fairly level land—best adapted to air base construction—is also,
in general, the best adapted to any other variety of construction: housing,
schools, commercial and industrial building, roads, power stations, reservoirs,
and military depots. And it is also, for the most part, the best land for food
production. In a country like the United Kingdom, the competition among
these uses is most intense. To indicate how tight an island the United Kingdom
is, some figures from a recent progress report of the Minister of Local Govern-
ment and Planning may be cited.* England and Wales have some 37 million
acres of land, 24 millions of which are devoted to farming, and a population
of 44 million. If Scotland is added in, the totals are 68 million acres of land,
of which 28 million are improved farm land, and a population of 49 million,
as of last year. This means just about half an acre of food-producing land per
person. One part of the United Kingdom’s program for solving its serious
dollar problem (and a part to which members of the government have assigned
~ considerable importance) is the expansion of domestic food production. When
this competition is joined to the urgent housing demand, it is apparent that
an increase in the number of air bases is sharply limited, and that the island is

*Town and Counitry Planning, 1943-1951, Command 8204, April, 1951, pp. 81-98.
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tight enough to turn local dispersal on any given base into what is very likely
to be a real problem. This is confirmed by the account of operations officers
who have been concerned with air base defense and location in England.

It is not only a question of making a large claim for restricted resources in

land. The actual base construction is a vast project which makes a claim on

other resources of the country. And so, subsequently, does the continuous pres-
ence of American soldiers. Depending on how the construction is carried out,
the extent to which local industry is used in production, or the extent to which
American labor is imported and appears in the economy largely as spending
units, the base construction may be an important form of economic aid or it
may be a very disturbing, even if transient, inflationary element, The dis-_

WM, especially in dependent overseas territories,
orm the subject for a considerable number of State Department cables.

The continuous presence of American troops affords similar possibilities of
xn(flgtxo\nag disturbance. It involves a host of problems stemming from invid-
ous comparisons of the standard of living of our troops with that of the local
population, plus the usual problems of illegitimacy and racial and cultural
conflict. The level of manning at the bases is a principal point of negotiation.
It is difficult to get military rights for an installation in which we intend
putting a large complement of men. And most of the treaties negotiated have
placed ceilings on the number of troops we are allowed to bring in.

The negotiation of these treaties is a long-drawn-out, trying matter, seeming

to average a period of some 2 or 3 years, and far exceeding the base construc- -

tion time. Of the various elements present in the usual base mixture in the
past—landing, take-off facilities, refueling facilities, maintenance, storage of
aircraft, and personnel— the last is the most disturbing as far as native popula-
tions are concerned. Storage of personnel involves a2 more volatile element than
storage of petroleum. In the opinion of the men concerned, the time spent in
negotiation would be very much reduced if we restricted our objectives to bases
involving a minimum of personnel.

For similar reasons, large bases involving a great many personnel are more
Wy our allies if these bases are placed at a considerable distance
from population centers. We could, to take as an example . the Moroccan Bases,
have had our choice of real estate along great stretches of the French Sahara
with very little time wasted in bargaining. However, for large-scale operating
bases, this would have meant a morale problem as far as Air Force personnel

was concerned; and, since population centers and transportation centers are
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gcnerally related, it would have meant great increases in supply costs. (This
problem is very much reduced for refueling bases.)
The last four points (items 6-9, page 35) mentioned at the beginning of

- this section are closely related. The availability of bases and the conditions of

their use are sensitive not only to the formal commitments of the government
of the country granting rights, but also, like that government itself, to the views
of the local partisan political movements. For such reasons, the commitments
are frequently tentative. A good many of the treaty rights negotiated are on
a year-to-year basis. In a large number of the countries with which we are
dealing, communism is a considerable force. But even more closely affecting
base use, the manner of operation, and the mission to which the base may be
devoted, are the widely varying noncommunist views of the inhabitants and
the values that they attach to the presence of a U.S. air base in their country.
In general, it seems that a base which is looked on as a means of defense of
the surrounding area is welcome. A base which is 2 means for delivering the
A-bomb -against the Soviet Union and which, in turn, may be the object of
Soviet A-bomb attack is not regarded as an unmixed blessing. Questions of
both base availability and mission restriction will clearly be answered differ-
ently, depending on the degrees of warmth of the cold war. The willingness

| of the governments of our allies will vary as will the latitude permitted these

governments by dissident groups. And in the case of hostilities, the possibility
is not excluded that we may take control by a show of force. We did this in
the case of Iceland in the last war. And, in another war, it is plain that several
areas now scheduled for use by our bombers will be candidates for such control

- —at the very least to insure that they shall not be used to refuel enemy bombers. -

The significance of restriction on the mission of a base will depend on whether
or not we are at war and on the circumstance of the outbreak, i.e., the relation
of the war to the interest of our allies. ‘

It is only natural that the country granting treaty rights to the United States |

will have a very strong interest in the kind of mission our planes based there
will fly. Our strategic striking force will be an obvious target for the Russians
in time of war—and the occasion for Russian protests and threats in time of
peace. There is some justification, then, for feeling that a strategic base in-
creases both the general security of the allied forces and the specific hazards of
the area in which it is based. A fighter base with an overtly defensive mission is
something else again.
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The question of defense of the country granting military rights is, of course,
a key question in base negotiations. Our ally will naturally be reluctant to grant
bases if he feels certain that he will be overrun and will have to face Russian
retaliation for the act of making available bases for U.S. planes. Therefore,
our participation in defense on the ground and our protection of the sea lanes
to his country are of great moment in his decision. On the other hand, as we
have seen, it would be an error to attribute all the cost of such matters as keep-
ing the air and sea lanes of communication open to the operation of our
strategic base.

There are several points to be made on the basis of these considerations.
First, the political conditions of base choice have a measurable effect on the
cost and destructive power of our strategic force. In this respect they are quite
like the technical characteristics of weapons systems which are interdependent
with base choice. The unavailability or limited availability of bases in some
regions, and in some regions the limitations imposed on the number of men

~ permitted on a base in time of peace, the specific requirements for defense

resulting from base negotiation, etc., result in consequences, for the price and
effectiveness of strategic base systems, as direct as the effects of the specific
fuel consumption of the bombers using our bases. Second, the factors described
place constraints on solutions to the base problem: (1) Some areas, no matter
how well adapted to base use, may be eliminated as not being likely to yield
base rights under any likely circumstance. Sweden, a traditional neutral, may be
an example. (2) Other areas which might have yielded base rights may become
ill adapted to base use by the political realignment of their neighbors. If Greece
or Yugoslavia were to be absorbed into the Russian sphere of influence in
advance of the outbreak of war, the usefulness of such base areas as Libya,
which are well situated given the present alignment, would be decidedly de-
creased. (3) The problem that exists for a base-right program is a quite specific
one—in what politically autonomous areas are there base locations that can
supplement our existing base structure? This involves a choice of several among
a comparatively limited number of alternatives—limited enough for analytical
handling, but, as our investigation bears out, large enough to provide a con-
siderable degree of flexibility and safety.

Third, while political considerations restrict the number of solutzons passible
to the base problem, they also operate to reinforce certain technical and econo-
mic factors determining the distribution of base functions. (1) For example,

the uncertainties of political align est that it i isable a
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good many bases and to have them in a number of politically distinct areas. (cas*” ‘
This reinforces the indications favoring multiplicity and dispersal of bases| .,lfv“”
which are the result of analyses of the vulnerability of bases to enemy attack. | ¥
(2) As another example, the restrictions placed on obtaining bases for strate-

gic air operations suggest the importance of standardizing some of the facilities
required for fighter bases, say, at a level which would permit their strategic use.

This device has technical advantages for passive defense and for provision of
flexibility. It might also permit conversion to strategic use in the event of a
change of heart in the country granting military rights. (3) And finally, the
political difficulties involved in extensive manning point in the same direction

as certain vulnerability considerations. Both favor at least “Mobility Plan”
systems and, even more, ground-refueling systems. The storage of aircraft is

a most vulnerable base function. There are considerable advantages, of which

the Air Force is aware, in permanently basing personnel and aircraft for the
strategic force in the ZI in time of peace, keeping the overseas bases partially
manned on a rotating basis, and then moving operating bases forward after

the outbreak of war. This was the former plan. '

If, even in time of war, we base aircraft and men at home and merely have
landing, take-off, and refueling facilities on foreign soil, the political difficul-
ties involved in extensive manning will be decidedly reduced.

The upshot of these poltical considerations for the base systems compared
follows. .

1. The formerly programmed overseas operating base system involves many
difficulties and uncertainties. However, a great deal has been-achieved. One of
the most important of these achievements is the very considerable political

dispersal and consequent political insurance that characterizes the—multiple
Q | system of bases now coming into being. This disperal is much greater than is
generally recognized. A mere listing of the places involved in our programmed
mhis: the United Kingdom, French Morocco, Canada, Green-
land, Iceland, MPomgal, Spain, Libya, Egypt, Lebanon,
Turkey, Malta, Cyprus, Greece, Italy, Iraq, Iran, Pakistan, Ceylon, Okinawa,
Saudi Arabia, Algeria, and Tunisia. By 1956 the preponderant majority of the
overseas bases programmed should be firm. Air Force officers concerned with
base negotiation anticipate only a moderate slippage, no greater than that in the
rest of the program. Taking it all in all, this is an impressive list. If we consider
the separate political catastrophes possible in almost any one of these places,
m uncertainties. On the other hand, the likelihood of.
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political disasters involving all or ev major part of thi em is v
much less. Even given the failure of the North Atlantic Treaty Alliance, it is
clear that there is a strong likelihood of the survival of a substantial part of
this base system. T

2. An extensive refueling-base system is more feasible, has a smaller poli-
tical price, involves fewer continuing political problems, and is distinctly more
secure politically than the programmed overseas operating system, or in fact
any comparable extensive overseas operating system. (Some of the remoter
operating systems considered, which have fewer bases in fewer countries, have
less insurance than the programmed system and are more liable to Russian
blackmail.) N :

3. In comparison with a strategic base system involving no overseas base
elements at all, not even the ground transfer of fuel, the ground-refueled inter-
continental system has a greater political vulnerability. Therefore, the per-
formance of the systems should be compared not only under the most probable
political conditions, but also under less likely circumstances, perhaps even in
the extreme case of a catastrophe in which we have no allies whatsoever. The
consequences of losing some portion of the system of overseas bases and even
of total loss is considered in Part IIL
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F. Domestic Constraints

The international political problems that complicate a strategic base program
are hardly more impressive than the domestic constraints. The latter affect both

- the size and timing of the program and its detailed composition.

Military construction for the fiscal year 1953 included $1,800,000,000 for
bases. Funds authorized by Congress for the fiscal year 1952 included some
$3.5 billion for air-base construction, $1.5 billion of it being for overseas bases.
These bases were planned to bring existing facilities to the level required by a
95-wing Air Force (80 combat wings). The 126-combat-wing Air Force which
has been the goal for 1955 or 1956 needs a very much larger accumulation of
construction expenditures. These sums are considerable, and such construction
expenditures, moreover, make up a significant proportion of the total invest-
ment in Air Force wings—a little less than one-fifth.

It is to be expected that so sizeable a category of expense should be the
object of the attention of both Congress and the executive department. In
periods of retrenchment in government, as in business, it.is not unusual to limit,

~in particular, expenditures on fixed facilities. Buildings, pavements, and the

like are comparatively durable. The use of facilities we have can be extended
and new construction can be deferred. And, since construction is in the present,
and the returns to be gained from construction are spread over a long time
future, the immediate advantages of reducing expenditures in this area are
likely to outweigh possible but remote difficulties. Detailed review of military
construction requirements by nontechnical or civilian authorities appears to be
more feasible than such review of, say, the procurement and performance re-
quirements of military aircraft. Moreover, military public works, like all public
works, have local economic effects whose details are a natural concern of the
local congressman. :

In fact, the base program and budget is particularized much more than the
aircraft budget. Item-by-item limitations are imposed by Congress* (money is

*See the Congressional Record, Vol. 99, No. 26, February 16, 1953, p. 1150: ... After an alto-
gether too-brief period for advance study of the requests the subcommittee began hearings on last
June 17 on the bill. Those hearings continued on an almost day-and-night basis for 7 days. For the
most part we went into the askings on an item-by-item basis—tens upon tens of thousands of items
ranging in cost from $1,000 to $15 million per item....”
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granted specifically for nine fueling hydrants or so many barrack units on such
and such a base) and, in anticipation of Congress, at a succession of points
within the Air Force and the executive department. The succession runs from
SAC to the Program Section in Headquarters, the Ad Hoc Committee of the
Installations Board, the Air Staff's Installation Board itself, the Office of the
Secretary of the Air Force, the Office of the Secretary of Defense, and the
Bureau of the Budget. Where detailed limitations are not an explicit part of
the public law, they are frequently made effective in the form of oral clarifi-
cations and commitments to any of the four responsible congressional
committees. A

Our base programs are important enough to warrant close consideration.
However, the course of detailed program and budget development outlined
has several shortcomings: »

First, the particularity of authorizations for base spending results in a con-
siderable rigidity. Money authorized for a specific item on an individual base
may not be reallocated if for one reason or another (perhaps because the base
is no longer available for the desired use) the money is not needed for the
original purpose. It is apparent that, with the uncertainties of base rights
negotiations, to choose one example, such rigidities may be fatal to the use-
fulness of the authorization. On the other hand, since the State Department
may be naturally reluctant to undertake the difficult negotiations for base rights
without some prior Congressional commitment for the base construction, the
commitment may be made (in considerable specificity) while the outcome of
negotiations is very much in doubt.

The second shortcoming is the separation of consideration of the budget and
program for air bases from the rest of the Air Force budget. From our point of
view this is perhaps the more crucial problem. A separation of base and other
weapon decisions has the force of custom and institutional arrangement. The
Congressional subcommittees that consider the program for air bases are not
the same subcommittees that pass on the program for the aircraft and the
personnel. Sometimes even the public laws ‘covering these programs are dis-
tinct. To achieve a reasonable allocation of resources might force us to consider
the possibility of trading aircraft for runways. Given the present administrative
and legislative structure, this is not easy. It is easier to obtain economies in base
construction considered separately.

We referred earlier, in describing the programmed base system, to Air Force
regulations which effect reductions in the costs of air-base construction by re-
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Quiring concentration of buildings, hardstands, and the like. The constructions
savings effected by applying the criterion of maximum use of existing facilities
afford another example. By and large it is cheaper, as far as the cost of an
installation of a given standard is concerned, to use an existing base rather than
to start from scratch. The availability of existing facilities, capable of reactiva-
tion and improvement from the expanding Air Force, has, quite naturally,
strongly affected base locations both here and abroad.

However, economizing on the installation costs of strategic bases will not
necessarily mean economy in the total cost of the strategic force. Airfield con-
centration of buildings and bombers parked on hardstands present an excellent
target for enemy A-bomb attack. The extra costs of bombers we may expect to
lose to such an attack or the cost of active defense to prevent their loss will

. more than offset the economies in construction and peacetime operation
achieved by this concentration. And, similarly, where reactivated facilities are
badly located to sustain the strategic operations we project, they may be a
bad bargain.

This brings us to the point stressed earlier in another connection: namely,
that the decisions we make on bases affect the performance and cost of our
total weapons system. This means that the selection of bases and of the elements
of bases has an importance that is far greater than is indicated even by the con-
siderable size of the base budget. And the interdependence of base and weapon
performance has very practical implications as to the validity of procedures for
economizing on bases.
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G. How To Look at Bases: Economizing and the Total
Strategic Power

The way to look at the strategic-base problem is to recognize that base choice

can critically determine the destructive power and the cost of our entire strategic

force. Therefore, it is not enough to make a decision on bases merely because it

economizes on base cost alone. We have to take into account what a base

decision means to systems cost—how it affects the cost of extending the limited
"range of our aircraft to target, the vulnerability of our force to enemy bombing
attack, the difficulties in recuperation from attack, the routes our bombers must
fly through enemy territory, and the consequent losses we may suffer to this

area defense. From this point of view it is hardly too much to say that many of

the Congressional inquiries do not touch the key points to be decided in deter-
mining wastes or savings in current base programs. And since Congress is so
closely involved in the detailed evaluation of the base program,® this is one of
the facts of life that must be considered in estimating the relative feasibility
of base alternatives. Construction funds, it appears, are harder to come by than
money for aircraft procurement. An overseas base construction program is likely
to be looked at more critically than a program for building bases in the United
States. Even more, an operating overseas base program which involves the per-
manent location in the far corners of the world of large numbers of American
service personnel raises opposition.

Such difficulties make it all the more vital for the Air Force to develop and
present its program having clearly in mind the critical interdependence of base
and other weapons-system decisions. The essential justification for vast expen-
ditures on overseas strategic bases must be, as the Air Force has sometimes
stated,® that, without such bases, a strategic force capable of doing a given job
would cost vastly more, if it were feasible at all.

This interdependence furnishes not only the means of justifying a base pro-
gram, but the criterion for choice. We analyze the comparative total costs in-

*See p. 43f.

tSenate Committee on Armed Services and Committee on Foreign Relations, U.S. 82d Cong., 1st
sess., Military Situation in the Far East, Washington, D.C,, 1951, See, especially, Gen. H. S. Vanden-
berg’s testimony.
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curred in performing a given job of destruction with a fixed bomber force,
using the various base alternatives compared.




H. Location and Locality Factors in Strategic Power

Total weapons systems costs and performance are affected by the relative
positions of our bases with respect to their source of supply in the ZI, the
boundaries of enemy territory (or the points from which they might strike at
our bases), the targets which are our objectives, and the defense area which
must be penetrated to reach these targets. For convenience we will call the
systems costs which are a function of certain critical paths between these points
—the base, the ZI, the target, enemy striking power, entry of enemy defense—
location costs. They may be distinguished from the Jocality costs inherent in a
specific site, which are not functions of these critical distances, but which are
traceable to local phenomena such as climate. Under this head may be consid-
ered variations in (1) tﬁe cost of operations traceable to weather; (2) con-
struction costs depending on climate, terrain, existence of a local construction
industry and the availability of local construction materials, and the presence
of existing base facilities; (3) supply costs affected by local terminal facilities
for transportation and the possibility of offshore procurement from local
sources, and (4) defense costs affected by terrain and existing defenses such as
the U.S. and British air defense systems.

Part II of this report analyzes location factors explicitly and at some length.
The present section is intended to indicate in qualitative terms the importance
of locality costs.

Locality costs do not vary steadily with the critical distances we have listed,
and they are less amenable to presentation in a simple, functional form; but
they are, nonetheless, substantial. Costs of basing aircraft in the Arctic and
subarctic illustrate this. (Though these are by no means the only important
types of locality to be considered.) In brief, Arctic operation involves extra
costs in (1) construction, (2) logistics supply and pipelines, (3) equipment
and clothing required, particularly for heating purposes, (4) number and
training of personnel, (5) increased maintenance needs of matériel, (6) low
aircraft utilization, (7) high. base vulnerability, and (8) low recuperability
after damage. . |

Construction costs are much higher under these conditions than in the ZI or
any other base location. This is so both because the design requirements are
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greater and because resources are very limited and the conditions of their use

critically difficult. Aside from the fact that construction is only possible during

an extremely cold and brief season, there is, of course, no existing construction

industry. Construction materials of all sorts must be imported, and construction

M labor must be brought in, fed, housed, and paid extremely high rates to com-
S
105‘

pensate for the comparatively short period of employment and the difficult
/ working conditions. For Alaska, the Army engineers’ cost estimates are obtained
o | by multiplying the ZI costs by a factor of 2.5. (Moroccan costs are obtained by
multiplying ZI costs by 1.5.) These cost estimates are prepared for budget
purposes. Actual costs may exceed these. The Hoover Commission Inquiry, for
example, found the costs of Alaskan housing to be considerably higher than
was indicated by this factor.* The air base at Thule, in Greenland, some 800
mi below the North Pole, on which base a great amount of effort has been
expended, was scheduled to cost some $250,000,000. This compares with some

* $50 million to $60 million for medium and heavy bomber installations in the
United States. The construction of Thule is a tremendous undertaking which
involved flying some 11,000 people up to the building site during this past year.

Needless to say, logistics supply problems for such sites are enormous.
Initially, fuel had to be flown to Thule, and normal resupply will be com-
plicated by the long periods during which the port will be closed by ice. In
such localities a much larger stock of ‘materials, parts, and supplies of all sorts
has to be maintained (than is indicated merely by the miles of pipelines to the
United States) to take care of penods when there is no flow at all through
the pipelines.

To make operation possible in such temperatures, one needs Herman-Nelson
heaters for preheating aircraft engines, Arctic survival and rescue kits, portable
engine shelters and nose hangars, extra batteries for all equipment, extra
vehicles, etc.

Lowered personnel efficiency makes large augmentations of personnel neces-
sary (both in number and skill). Men have to be given special Arctic pilot
training courses and have to be sent to special service training schools. Informa-
tion on the larger number of men required is generally not very precise. One
rule of thumb commonly used indicates that, within a large range, the efficiency

X

*See also Hearings, Subcommittee of the U.S. Senate Committee on Banking and Currency,

Alaskan Housing Legislasion, 81st Cong., 1st sess,, S.851, Washington, D.C., 1949. According to

" data presented there, in 1946 and 1947 the cost for rather modest family quarters for noncommis-

sioned officers ranged from $47,000 to $56,000, and from $62,000 to $74,000 per unit for field
officers’ housing. These figures represent the costs for housing one family.
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of personnel is reduced by 2 per cent for each degree that the temperature is
lowered below 0°F.* Additional personnel augmentation is required to handle
increased maintenace loads. Preflight maintenance involves not only preheating
cold-soaked engines, batteries, and electrical connections and instruments, but
also finding and repairing leaks in cold-hardened rubber seals and tires.

~ The system cost to buy and operate, in peacetime, a wing of bombers from
operating bases in the Arctic is more than double that in temperate regions.

While each wing has more personnel, it can manage fewer sorties per air-
craft under the conditions of operation usual in the Arctic.. (One source
estimates the sortie rate at half that in the ZIL.') Problems arise from sudden
icing conditions peculiar to the Arctic, and from sudden weather changes which
put a premium on navigational skill. Chances of survival in case of forced
landing are small. |

The isolation of these bases makes their defense an especially difficult matter
—this in spite of the contrary impression that might be gained from their
possession of the frequently referred to virtue of being located in the Western
Hemisphere. In winter all of the many Alaskan lakes are possible landing fields
for airborne troop attack; and though Alaskan bases are not close to Russian
industry, and even though they are in the Western Hemisphere, they are very
close to the Russian border and Russian means of attack. The ability of units to
recuperate after attack would appear to be low, especially in the winter. Typical
problems would be the repairing of cratered runways, the loss of shelter for per-
sonnel and equipment, and the length of time required for resupply and recon-
struction. (Thule, for example, can be reached only by air for most of the year.
An attack in the fall or winter that destroyed a substantial portion of the build-
ings might put this base out of action until the following summer.)

The seasonal variations in hours of day and night at these bases and along
the penetration route of bombing using them are very large in amplitude. This
would have considerable effect on the attrition rate, and therefore on the
variations in system cost of an Arctic base complex, depending on the time of
year in which the campaign was fought. Summer penetrations from the north
would have to be made in daylight. This would mean exposing bombers to
attack by day fighters, and the Russians are expected to have day fighters in

*N. G. Morris, “Ground Support of Fighter Operations in Arcisic Regions,” Air University thesis,
November, 1948.
tWartime Planning Factors Manual, Planning Division, Management Analysis Service, DCS/

Comptroller (registered document).
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much larger numbers than night fighters for some time to come. In winter there
would be sufficient darkness, both in the south and north. From the standpoint
‘of cover of darkness, then, these bases have on the whole a net disadvantage.
On the other hand, multiplication and dispersal of bases around the entire
periphery of the Soviet Union forces dispersion of Russian defenses, and the
savings in attrition for the system as a whole gained by their dispersion is at
least a partial balance for extra Arctic costs. However, it appears that these
advantages are not enough to offset the extra costs of operating in the Arctic.
If, as the study indicates, operating bases overseas are for the most part inferior
to “refueling” bases, this conclusion is particularly true of Arctic operating
/ bases. Although existing bases can play a useful role in refueling systems, other
regions are better than the Arctic for future expansion of such a base system.
While many locality effects were taken into account by the study, we have
concentrated our attention largely on the costs which vary with location with
respect to the target, the ZI, and the boundaries of enemy striking power and
defense.

v
i
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A. Dilemmas of Location

Ambrose Bierce, the American journalist, in defining some such terms as
“projectile,” remarked that the exccl_lencc of this invention, a great improve-
ment over physical conflict, had been qualified up to his time by the apparently

ineradicable need for personal attendance at the point of propulsion. Bierce,

of course, lived in a period before the development of control through program
tapes and such wonders. However, even in the case of the missile, presence in
the general vicinity of the launching not only of personnel, but of eéquipment
and perhaps of a large supply of parts for assembly, is likely to be needed for
some time to come, so that considerations of vulnerability, which increases with

proximity, must be balanced against such advantages as close aim. In short, the

advantages of proximity appear, unfortunately, to be symmetrical.
What are the advantages and disadvantages of proximity? It would appear

on first examination that, in general, as we move our base operati ong a
given line aw , we achieve the following effects: (1) We
diminish the probability of attack against our bases by lengthening his

own combat radius; and so we reduce the cost of defending the base or the
expected damage for a given level of defense. (2) We shorten our suppl
and thereby lower both the normal peacetime transportation, travel, and stock
costs as well as the cost of defending these supply lines and the expected losses
to such enemy attackers as submarines. (3) By and large, we increase, though
' not steadily, the poﬁtical security of our base operations; in the limitin

back in the Zone of the Interior (ZI), we not only come in under the umbrella

of continental defense, but we apparently depend on no political alliance other
than the satisfactorily secure one existing between the 48 states.

On the other hand—again in general—as we move our base operations to-
ward the comparative shelter of the ZI, our aircraft grow in size-and-number
and our aircraft personnel increase in proportion to that number. Unrefueled
aircraft grow in size, moreover, at an increasingly rapid rate with increasing
combat radius. Growth in airframe weight relates directly to increasing costs
of procurement; the growth in both dry and gross weights relates to other in-

\___\ ‘
creased systems costs, such as runway, fuel and fuel storage, and stock and

maintenance costs. The increase in size of an individual aircraft or in its plan-
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projected area means, for a constant mission profile, an increase in the probabi-
lity of loss to enemy area and local defense; therefore, it means more aircraft
and aircrews in replacement to keep a given number of aircraft in operation;
hence, higher costs. The increase in mission distance means more petroleum
consumed, less payload carried, greater flight fatigue, and perhaps fewer sorties
flown per aircraft; therefore, more aircraft and more aircrews to fly a given
number of strikes. If the normal base operation of refueling is performed in
the air, this means more aircrews and aircraft in the form of tankers, with
corresponding increments in cost. Missiles, like unrefueled aircraft, increase in
size, costliness, and vulnerability with increasing range; moreover (at any rate
in the case of those missiles which may have undamped guidance), their in-
accuracy is an increasing function of range; therefore, increased range means
higher cost to destroy any given number of targets.

The symmetry and simplicity of this picture, however, are incomplete. First,
it is asymmetrical, in that our capabilities differ from those of the Soviet Union,
so that the optimum base location for ourselves is not necessarily the best posi-
tion from the Soviet Union’s standpoint. And, fortunately, zbis choice is ours.
Second, the realistic physical configuration of the problem involves Russian
targets placed at various points with Soviet and satellite boundaries. These
boundaries within which area defenses and air bases are disposed in specific

ways have a peculiar enough Shapetomake fruitful a systematic comparison of
“distance relationships other than that between the base and the target. Third,
mmve the
adv'anté.ge, from our point of view, of being further from enemy striking power
or which involve smaller penetration distances over enemy defense. In fact, we
discriminate at the start the distances from the ZI to base, from base to target,
from the enemy defense penetration point to target, and from our base to the
enemy striking power. Because our target, enemy striking power, and the
boundaries of enemy defense are all distinct, we have, within limits, the possi-
bility of varying these critical distances separately. Fourth, our bases themselves
are composites of functions which it is pertinent to analyze separately in rela-
tion to these critical distances. The various base functions—landing and take-
off, refueling, aircraft storage, housing and maintenance—are partially separa-
ble. Since these functions have differing vulnerabilities, locating them at
differing distances from enemy striking power may be indicated. And since
their location with reference to the target has performance effects differing
from one to the other, separation may be indicated by this, too. The location
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question properly posed refers to the positioning of base functions rather than
to the positioning of whole bases with the conventional mixture of functions.
This is true for considerations of location in a macroscopic sense, i.e., for the

. world distribution of base functions; and it is true also in a' microscopic sense,

i.e, for the local dispersal of functions on a specific base.

Since any specific location must compromise some or all of the advantages of
(1) proximity to targets, (2) favorable path of approach to targets, (3)
logistic economy, and (4) remoteness and comparative invulnerability from
enemy attack bases, it is important to analyze quantitatively what each of these
advantages means in terms of systems cost and effectiveness, and to apply the
results of this analysis to the specific geometry of our targets and alternative
base areas. The remainder of the second part of this report is devoted to
this analysis.
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B. Base to Target: The Cost of Increasing Combat Radius

In this section we examine the manner in which increasing the distance be-
tween our home bases and targets affects the cost and performance of our
bombing systems. We deal with single-stage unrefueled bombers, air-refueled
systems and ground-refueled systems. And, since reasons of politics, logistics,

~ and vulnerability suggest pulling our bases back to extreme distances from

Russian targets, we compare systems for using the programmed bombers at full
intercontinental radii. These comparisons are made in terms of the relative
costs of the various systems to destroy a specific set of defended Russian targets.
On the basis of our analysis it becomes apparent that, so far as extending total
mission radius is concerned, at any rate, it is very important to discriminate the
distinct effects of pulling back various base functions. In particular, if we leave
the fuel and the physical plant needed to accomplish fuel transfer overseas, the
effect is markedly different from taking all ground base functions back to
the ZI. ‘

SINGLE-STAGE BOMBING SYSTEMS AND TARGET RADIUS
Generalized Bomber Studies
As we extend the distance between base and target, the weight of a bomber

- large enough to reach the target and return without any refueling increases at a

growing rate. And the cost to buy the bomber, the facilities for its operation, the

«cost to train the crew and to keep the bomber and the bomber crew in readiness,

also increase. In fact they increase in almost direct proportion to bomber weight.
The exact shapes of curves representing these increases in weight and cost
with radius depend on a number of factors, including the type of powerplant,
payload cruise and over-target speed, and altitude. They are steeper for turbo-
jets than for turboprops, and are steeper for high speeds and for very low as

- well as very high altitudes. Figure 22 illustrates the growth in the cost to buy

and operate for 3 years a turbojet and a turboprop bomber of 40,000-ft altitude,
400-knot speed, 8000-1b bomb load, and a variable range. These curves, which
are based on the performance characteristics analyzed in an earlier RAND study,*

*R. B. Murrow, R. S. Schairer, and C. V. Sturdevant, Bomber Capabilities—1954 Turboprop and
Turbojer Powerplants, The RAND Corporation, Report R-171, February 1, 1950 (Confidential).
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Fig. 22—Three-year systems cost per bomber as a function
of combat radius

represent continuous families of aircraft. Each point on a curve corresponds to
a different plane operable without refueling at the design radius indicated. The
turbojet in the illustration increases by GO per cent in cost as combat radius in-
creases from 3000 mi to 3600 mi; it increases in cost by two and one-half times
from 1700 to 3600 mi. And the radius of this family has a limit of less than
4000 n mi.

The costs presented in Fig. 22 are costs to purchase and operate bombers in -
time of peace. They are preparedness costs that do not take attrition into
account. If we take into account the losses of bombers to enemy area and local
defenses, the combat radius for which the bomber was designed also has a
direct effect here. As a single-stage bomber increases in weight (and in plan- |
projected area), its expected combat losses, at a fixed speed and altitude, to a
wide range of enemy defense weapons also increase. This growth in vulner-
ability with weight compounds the cost increases due directly to increases in
weight and radius. S

The curves presented in Fig. 22 are derived from generalized bomber studies.
If we examine the systems cost and the. radius of specific bombers that are
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either now operational or are scheduled to be operational in this decade, com-
parable observations may be made. ‘

The Current Generation of Bombers

The costs and design radius of the current-design generation of bombers are
represented in Table 1. The B-47E is of somewhat earlier design date than the

Table 1
CURRENT GENERATION OF BOMBERS
Cost Combat Radius
Model ($ million) (a mi)
B-S7B 48 887
B-66B 5.5 1200
B47E 9.8 178
B-47Es 9.8 2
Later B-47 (B-471) 9.8 . 2900
RB-52B - 23.4 3110
RB-52C 23.4 3625

¢Range extended. Taxiing gross w}cight of 220,000 Ib;

water injection. - '
remaining planes that represent roughly the same state of the art and have
roughly the same performance characteristics, with the exception of radius
capability. Because the bombers in the lower tail of this distribution have a
somewhat different mission and carry a smaller military load, their costs are
somewhat lower than they would otherwise be. Curves for the current bombers
would have much the same characteristics as the generalized bomber curves
already described. They would be J-shaped. An increase in radius is accompanied
by a more than proportionate increase in costs.

Figure 23 makes clear the reasons underlying the limited unrefueled radius
of our programmed turbojet bomber force. Bombers of this design generation
capable of traveling from the United States to any considerable part of the’
Russian industrial-target system and back again without picking up any fuel
during the trip, if feasible at all, would have had to be enormously large and
costly, and, assuming the given range of speed and altitude performance charac-
teristics, would have been likely to suffer high combat losses. Or they would
have been smaller and less costly at a drastic sacrifice in speed and altitude
performance, which would have meant still greater losses to enemy defenses.
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But if we add the Rascal air-to-surface missile, the design generation pictured
in Fig. 23 includes all the new bombers likely to figure significantly in our
combat-ready force for the rest of this decade. This can be made clear by a
rapid survey of major bombing systems under development. Such a survey sug-
gests that the strong influence of combat radius we have examined is by no

means temporary.
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Fig. 23—Gross weight vs combat radius

Future Bombing Systems

Chemically Fueled High-performance Bombers. There is no conventional
bomber on the horizon which will fly two-way military missions from bases in
the United States to deep targets inside Russia without refueling. The next
generation of bombers will emphasize one or more of such alternatives as
supersonic and extreme-altitude capabilities in order to meet anticipated ad-
vances in enemy defense. There are two opposing tendencies: one, the normal
improvement in the state of the art; and the other, the increasing severity of
performance requirements. A fixed set of performance conditions can be met
at lower weight and costs. But the performance conditions do not stay fixed. .
The resulting cost-versus-radius curves show no substantial improvement over
the present. If anything, it appears that matters are getting worse: combat
radius will be more rather than less critical for some time to come.
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Figure 23 also presents a weight-versus-radius curve derived from RAND
studies of generalized supersonic bombers. The supersonic distance assumed is
400 n mi. For deep penetration through Russian defense likely after 1960,
with supersonic fighters and advanced defense missiles, 400 mi of supersonic
travel would confer on the penetrating bomber no greater survival probability
than the B47 is anticipated to have against an earlier generation of Russian
defense.* Yet it is clear that the costs of a given target-radius capability with
such a fixed supersonic leg would not be substantially improved. The curve for
the supersonic bombers in Fig. 23 lies to the left of and above the weight-
radius region for contemporary bombers shown in this figure. The weight (and
~ therefore the cost) of a member of this supersonic family with the capability
of any given radius exceeds the weight of a bomber of the current generation
of the same radius. Moreover, the weight and costs of this supersonic family
rise more steeply with increasing radius. |

Perhaps the most important point to be made, however, regarding supersonic
bomber developments concerns their timing. In dealing with the problem of
base selection for the strategic striking force, our criterion for improving a
bomber type is much more rigorous, for example, than the condition that a
single wing be operational. We are concerned with the bomber types which are
likely to make up the major part of the combat-ready force, and our campaign
analyses pit large numbers of these bombers, variously based, against Russian
defenses. |

It is clear that for the rest of the decade supersonic bombers are not likely
to meet this criterion. There is a long sequence of steps between development
and combat readiness in large numbers: planning, budget recommendation,
Congressional authorization, purchase commitment, appropriation, production,
delivery, testing service training, availability in combat units; and then, some
time later, such availability in large numbers. The supersonic bomber develop-
ment is near the beginning of this sequence." Not the least of its problems is
the evolution of a bombing-navigation system suitable for planes operating at
such supersonic speeds. (Historically, bombing-navigation systems have taken

* We have tested this statement, using, for example, the 1955 and 1960 Russian defenses described
in G. H. Clement and C. P. Bahrman, Missile Systems for Sirategic Bombardment, The ranD Cor-
poration, Report R-248, November 20, 1953 (Secret—Restricted Data), and related documents. R
" tThe following comments are based on an analysis made by R. L. Stewart in an unpublished
memorandum.
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a long time to develop.) Prophecy concerning the timing of one of our tech-
nical developments is, by its very nature, one of the most precarious~ of pursuits,
excepting only the job of prophesying Russian developments. At RAND, the
combat availability in large numbers (which might be from 12 to 18 months
after delirery in large numbers) is placed variously between late 1960 and late
1964. It seems doubtful that this timing will be distinctly bettered.

The availability in large numbers of carriers designed specifically as low-
altitude airplanes is also beyond the period of reference of this study. It is quite
- possible, on the other hand, that within this time members of the current genera-
tion will be adapted to such low-altitude use. Such a use may be extremely
fruitful. However, it will cut the total radius capability of the current generation
even further.

Nuclear-powered Bombers. The only manned bomber under development
which differs markedly from our description in its weight-radius characteristics
is the nuclear-powered bomber. The weight and cost curves for the reactor-type
of nuclear bomber are very flat. Though they do not change substantially with
radius, they start very high. Even at very short radii the required weight of the
shielding device will set a high minimum. (Recent proposals for using low-
powered reactors for cruising and chemically fueled engines for penetration
would reduce the weight of the shield.) Most important, for our purpose, is the
fact that, on RAND’s estimate, the nuclear-powered bomber is several years
beyond the time period we are considering.* ‘

Air-to-surface Missiles. The Rascal air-to-surface missile development. pro-
gram, according to the RAND Missiles-Aircraft Study," has progressed to the
point where the first B-36 and B-47 squadrons which will carry the Rascal may
be in readiness for this use in 1956; and, provided procurement is not delayed
for the development of guidance techniques other than the radar-relay device
presently being developed, the production program may be expanded and the
stock of operational missiles in combat-ready units increased within a reasonable
period after 1956. The effect on radius capabilities of the availability in quantity
of air-to-surface missiles is likely to be of some importance, then, in this decade.
What is this effect? Essentially, it will amount to a net reduction in the combat

*Nuclear and Aircraft Divisions, Nuclear Powered Flight—A Preliminary Statement, The RAND
Corporation, Report R-135, February 2, 1949 (Secret—Restricted Data). -
tClement and Bahrman, op. ciz.
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radius of the bombers which carry these missiles. The missiles will be released
outside the local defenses, thus reducing the mission distance by perhaps 100
n mi. But the missile will create a drag cutting the radius of the carrier by a
greater amount.*

Long-range Surface-to-surface Missiles. The strategic surface-to-surface
missile is another importaxit future bombing system. Such missiles are much
lighter and less costly per unit than manned aircraft. The Snark, with perform-
ance characteristics somewhat superior to the B-47, is one-fourth of its gross
weight. How sensitive are these missile costs to change in combat radius? Are
increases in combat radius important in the missile case? How do these ques-
tions affect our study?

The situation appears to be as follows:

(1) While missiles are lighter and cheaper per unit for comparable perform-
ance than are manned bombers,t total costs are important, since the total
missile stockpile requirements for a bombing campaign are in general larger
than the stockpile of bombers needed. (Missiles, unlike bombers, are not
recovered and re-used.) Moreover, a generalized missile weight-radius curve has
the same sort of J-shape as the bomber curves. Therefore, in comparing one
missile with another operating at a different range, the same kind of relative
cost and performance considerations apply.

(2) Bombing missiles operate one way, and therefore their costs and weights
should be read lower down on the J-shaped weight-radius curves, i.e., at roughly
half radius. In this region these curves are generally flatter, depending on the
other performance requirements and the state of the art. If two-way reconnais-
sance missiles are required, however, they will fall on the curves at a point

*In this context we are dealing with the radius effects of the air-to-surface missile. For its effect
on losses to enemy defenses and on the base-system comparisons made in this section, see p. 125.

+The gross-weight difference between the missile and 2 manned zircraft having the same range
stems from the fact that the missile dispenses entirely with a considerable part of the load carried
by a manned aircraft. And this makes possible the familiar train of weight reductions in the structure,
engine, and fuel needed to carry this load. As to the load differences: First, the missile; of course,
has no crew or equipment for crew comfort. Second, it does not carry a variety of countermeasures
against enemy defense, such as guns, rockets, etc. And third, it is not equipped with landing gear,
flaps, slats. etc., which are used for the recovery and repeated use of the aircraft, since, even when
an escort missile is to return, it is not designed for recovery and re-use. This third element appears
to be the most important, accounting perhaps for half the difference in load between the Snark and
the B-47. The result of this reduction in load carried is that the missile’s initial gross weight is
smaller by a greater amount.
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comparable to that for manned aircraft. These escort-reconnaissance missiles,
though not recoverable, operate two ways.

(3) A broad choice of penetration routes remains of great importance. And
such a choice implies a capability for very extended missions, if these missions
start well within the interior of the United States.

(4) In the future, for missiles as for aircraft, supersonic and extreme-altitude
performance will be useful to evade enemy defenses. Such high performance
makes mission distance a critical matter for the missile as well as for the aircraft.

(5) For missiles with undamped guidance, the CEP—and therefore the cam-
paign costs—is an increasing function of range.

(6) Most important, while we believe that our analysis of base location thh
reference to routes of attack, base defense, and expected damage can be fruit-
fully extended to the study of missile bases, for the purpose of our present
interest such an extension may be deferred, because the date at which the long-
range surface-to-surface missile will form a sizeable proportion of the strategic
striking force and will generate any major part of the strategic base require-
ments is rather distant. At any rate, it is beyond the time reference of the:
present study.

The timing of missile systems availability has recently been reviewed,* and
some more extended comment is justified on the basis of its findings.

The Snark is not likely to constitute a large fraction of our combat-ready
strategic force before the end of this decade. In 1958 or 1959, the Study esti-
mates, Snark missiles with long-range capability might begin to be phased into
the force. The Mark I guidance system, which will have a capability for day
as well as night guidance, may be available at-that time. However, the present
airframe and powerplant design for the Snark would provide it even then with
a range capability of less than 4700 mi for the bombing Snark and a radius
capability of 3200 mi for the reconnaissance Snark. Both the range for the
bombing missile and, even more, the radius of the reconnaissance version fall
short of an intercontinental capability. (This would be especially true if we
conceive the intercontinental mission as starting well within the boundaries of
the United States in order to lessen ground attrition, if we take into account
dogleg routes to reduce air loss, and if we require for this time period a flexi-
bility for attacking quite deep target systems.) RAND has recommended a larger-

*See Clement and Bahrman, op. .
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wing-area Snark with a more efficient powerplant, which, it is expected, would
have a much-increased radius or range capability (a reconnaissance radius of
5300 mi and 2 bombing range of 7900 mi). Even this enlarged radius capability
for the reconnaissance missile would fall slightly short of the needs imposed
by intercontinental operation with a wide selection of routes from a region well
within the United States to a deep Russian target system. An alternate version
of the Snark is conceived to have a supersonic capability to evade advanced
Russian air defense. Using such supersonic speeds, the Snark would have to be
operated from overseas bases for bombing as well as reconnaissance. The all-
subsonic range is estimated to be 4860 n mi, and the all-supersonic ranges are
estimated to be 1450 n mi. This would make feasible a2 2200-n-mi mission with
the last 1200 n mi at Mach 1.3. The corresponding radii for a reconnaissance -
missile are shorter than the ranges given above: 3360 n mi for the all subsonic
version and 690 n mi for the all-supersonic version.

The Navaho, which is a later-generation missile than the Snark, would travel
at much higher speeds and could be brought closer in time if it were developed
for operation against targets closer in space. The Navaho II, with a speed of
Mach 2.75, would have a bombing range of 3330 n mi. It could not begin to
be phased into the force until about 1960 and would not constitute a significant
fraction of our force for some years thereafter. The longer-range Navaho III
might not begin to be phased in until about 1965 and would not constitute a
significant fraction of our combat-ready force until near the end of the next
decade.

Summary on Single-stage Systems versus Radius

1. For a fixed speed, altitude, and payload, single-stage bombing-system cost -
increases at a growing rate with design radius.

2. Where we have a choice, we may not want to operate at our maximum
single-stage radius. By reducing mission radius we can gain speed and perform-
ance at extreme altitude. Depending on the size and region of the gain and the
composition of enemy defenses, this might mean a significant reduction in
bomber attrition, and therefore an increase in destructive potential. Even where
fairly distant single-stage operation was feasible, it might not be preferred.

3. In considering the problem of base-to-target distances for strategic bomb-
ers, our primary concern must be the means of reaching targets with the B47,
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which will be numerically the largest component in the force, with the B-36,
the B-52, and with the combinations of these three bombers with the Rascal.
No other bombing system is likely to form a significant proportxon of our total
bombmg potential for the rest of this decade.

4. For at least the rest of this decade, and possibly for some time thereafter,
no bomber is likely to be available which is capable of operating at full inter-
continental radius without any refueling whatsoever. To hit a deep Russian
target system, we need either to operate from overseas bases or, if we operate
from the ZI, to use the assistance of some form of refueling, that is to say, to
operate with a multistage system.

RADIUS EFFECTS ON MULTISTAGE SYSTEMS

Air Refueling

It is possible to use a bomber whose design radius is less than the distance
from operating base to target by extending its range with the aid of tankers.
Doing this avoids the increased bomber size entailed by increasing radius in a
single-stage operation which, in general, means increasing bomber attrition.
But, ignoring attrition, there is a parallel to the direct weight and cost changes
of the single-stage case. This is visible if we take into account the weight and
cost of tankers as well as bombers. The capital and operating costs of pro-
gressively extending the radius with the aid of tankers of a specific bomber or
fixed range, e.g., the B-47, increase at an increasing rate. The increase proceeds
in steps corresponding to points at which additional fuel is required. With
increasing combat radius the treads of these steps become shorter. And, par-
ticularly with insurance for the uncertainties of multiple refueling, the “risers”
become steeper. In fact, refueling uncertainties may be so severe that consider-

“ation of more than, say, two refuelings is too optimistic. It should be noted,
therefore, that Figs. 24 through 26 neglect both the possibility that a large
number of refuelings is operationally infeasible and, assuming feasibility, they
neglect the costs associated with bombers lost or aborted as a result of failures
in rendezvous or fuel transfer. These figures present the tanker requirements
for extending the combat radii of the B-47, the B-36, and the B-52. The refuel-
ing operation on which these charts are based involves the rendezvous and fuel
transfer between a single bomber and one or more tankers, or between a single
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tanker and several bombers operating as part of a cell. For this reason the ratio
of tankers to bombers is frequently shown on these charts as a fraction. Tankers
and bombers are based together. All prestrike refueling takes place at a single
point of rendezvous. All poststrike refueling also takes place at a single point,
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though not necessarily at the same one. Extra fuel transfers at the prestrike
rendezvous point involve extra loiter time for the first-refueled bomber, and
this penalty is recognized in the calculations. On the other hand, possibly
generous assumptions as to the amount of overloading feasible in the B-52
(about 90,000 Ib) have been taken advantage of in the target-bound refueling.
And, as has been stated, no allowance has been made in these calculations for
problems of rendezvous for the homebound refueling. Rendezvous points have
been determined optimally at the distances which match the bomber’s fuel
needs with the tanker’s fuel transfer capability. In practice, rendezvous points
are affected by other considerations, such as identifiability.* For each mile shift
of the rendezvous toward the base, the combat radius of the system is reduced
by half a mile. We have taken this into account in connection with our campaign
studies, where we apply these curves to the actual flight paths from specific
bases to identifiable refueling points, and from these points to places of entry
into enemy defenses and onto specific targets.

* Apart from identifiability, anticipation of problems in even the target-bound refueling have,
we understand, led the Air Force to consider, as a further constraint on the location of rendezvous
points, that they be close enough to home base to enable bombers to return home in case the fuel
transfer is unsuccessful. This constraint limits tanker-radius extension very much more stringently
than the identifiability condition. We have not taken this. into account.
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To translate the curves of tanker requirements as a function of radius into
dollar terms, the 3-year systems cost of tankers and bombers has been estimated.
These costs are summarized in Table 2.

The dollar amounts presented are the costs to buy the tankers and bombers
and to operate them in time of peace. They do not include any current costs of
wartime operation. Such stockpile costs are those relevant to a short strategic
air campaign of the kind the Air Force contemplates. Such a campaign would
have to be fought largely out of stockpile. In the short period of its projected
duration, total new bomber production would be less than 10 per cent of the
total programmed D-day bomber force, and the contribution of newly mobilized
personnel would be similarly limited.

Intercontinental air-refueled operations would require some tankers capable
of transferring large amounts of fuel at distances far from ZI bases. Of the
aircraft that might be made available for this mission, the B-36 was found to
be the most economic. The B-36 costs presented in Table 2 allow for the opera-
tion of existing B-36’s and the possible procurement of additional ones, as
tankers. This use would permit almost a 25 per cent reduction in the new 3-year
systems cost for this aircraft through the elimination of armament and elec-
tronics and reducing manning and maintenance. It should be noted that the cost
of maintaining existing B-36’s (assuming that they are retired from combat),
$5.7 million per aircraft over a 3-year period, hardly makes them “free” for
tanker use. '

In the case of the KC-97, two unit cost figures are presented: $6.4 million
and $4.5 million. The lower of these costs is based on the projected program in
which tankers would form a small fraction of the total force of aircraft and, it
might be plausibly assumed, would be accommodated partially “free” on
bomber bases. This convention of costing might be questioned. The commit-
ment of bases for B-47’s is not a “"sunk’ cost independent of and preceding the
decision for basing the KC-97's. The B47 and the KC-97 are being produced
simultaneously, and it would be possible to base each separately—1 squadron,
1 wing, or 2 wings to a base, depending on location. In any case, it is clear that
the convention that KC-97's cost nothing in bases, etc., is not at all plausible
when we take cases of the sort under consideration here, in which we have two,
four, and six times as many tankers as bombers. For an intercontinental air-
refueled B-47 system, our measurements show that tanker requirements average
two or more KB-36’s to every B-47 in the operation force and, in addition, about
one KC-97 for every two B-47’s. (These ratios change for various routes of
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Table 2 _
AIRCRAFT SYSTEMS COST
(Millions of dollars)

KC97
Based with Separately B-36-type
B-47 B-52 B-47's Based Tanker
Item Initial | Annual | Initial | Annual | Initial | Annual | Initial | Angual | Initial | Annual

Installations

Technical facilities 295| .... | 450 .... [ 53| .... | 226 .... | an8] ....

Personnel facilities 156 .... 1731 .... 151 .... 169 | .... 218 ....

Maintenance e 22 |..... 31 | .... o4| 20 |..... 2.7
Major equipment ~ .

Mission aircraft 100.0 11.1 240.0 4.0 27.6 1.0 47.0 1.7 100.2 3.7

Support aircraft 100 .... | 240 .... | 28| .... 47) .... | 100} ....
Minor equipment

Organizational equipment 6.5 0.4 9.2 0.6 0.7 0.1 4.5 0.2 2| 03

Ground radar 0.6 0.1 0.6 01 | oo | onnn 0.6 0.1 06| 0.1
Stocks

Initial stock level 25 -.... 34 .... 0.5 13 .... 26 ....

Readiness reserve 224 .... 46} .... 23 32 .... 20| ....

Spares 4721 .... 115.2 cone 1235 cies 18.0 ceee 37.0 cene
Transportation 09 11| 11| 14| 01| 01 | os| os | 10| 12
Personnel

Training 22.8 5.7 23.8 6.0 2.6 0.6 14.0 3.5 18.2 4.5

Payand allowances  {..... 10.2 §..... 13.2 | .... 1.7 |..... 60 |..... 98

Travel 0.6 0.5 0.8 0.7 cees 0.1 0.4 04 0.6 0.5
Maintenance .

Missionaircraft @ |..... 86 {.....| 156 | .... 21 ..., 45 |..... 12.0

Supportaircraft = |..... 06 |..... 08 | .... 01 {..... 04 |..... 0.6
POL .

Missionaircraft @ | ..... 48 |..... 5.9 cean 09 J..... 16 |..... 4.6

Support aireraft @~ |..... 03 |..... 04 | .... 04 |..... 0.2 |..... 0.2

Miscellaneous @ |..... 13 J..... 1.7 ceen 0.2 }{..... 08 {..... 1.5
Service and miscellaneous | ..... 04 {..... 06 | .... o1 |..... 0.2 J..... 0.4
Intermediate commands  }..... 3.0 |..... 4.0 ceen 10 |..... 21 |..... 2.0
Ovethad @ }..... 17.2 |..... 194 | .... 29 |..... 80 |{..... 146
Total 238.4 _67.5 485.0 77.5 55.9 11.7 133.7 32.2 231.0 | 58.7
Cost per aircraft s3] 15 | 160 26| 28| 06 3.7 09 77| 20

TOTAL 3-YEAR COST 9.8 23.8 4.6 6.4 13.7
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attack.) An operating base which housed along with a single B-47 wing such a
tanker complement would have to accommodate, besides the bombers, about
90 or 100 KB-36's and 25 or so KC-97's. This would make it about a 5-wing
base. When the number of tankers approaches the number of bombers, the
higher cost clearly applies.
~ All the costs we have presented are costs to buy and operate a single aircraft
or a wing of aircraft without taking into account the elements of the cost which
have already been purchased or committed. In fact, many of the components of
our strategic force are in being: bases, aircraft, trained personnel, etc. And many
of these assets are usable in the various base-aircraft systems we consider, though
different systems make use of different parts of the inheritance. These inherited
assets involve no new outlays. In determining the total economic costs of the
decision among various base-aircraft alternatives, the billion dollar costs of
these inherited elements should be subtracted from estimates of the total cost
to start anew under each of the alternatives. However, this job must be done in
connection with total systems cost rather than wing or single-aircraft cost. The
average savings per wing or per single aircraft which are made possible by
using inherited elements depend on the size of total force requirements in rela-
tion to the fixed inheritance. And this relation will vary with the job of
destruction considered, the level of enemy defense, etc. We have therefore dealt
with inheritance on an item-by-item basis, subtracting inherited elements from
the total requirements indicated by our campaign results. - |
Figure 27 presents the 3-year unit cost to achieve the capability of operating
the B-47 at various target distances with tanker refueling as an aid. Figure 28
is the analogous step curve for the B-52. These cost-versus-radius curves were
obtained by applying the unit-tanker and unit-bomber costs of Table 2 to the
tanker per bomber requirement curves presented earlier (the lower cost—$4.5
million—was used for the KC-97 where the tarniker-bomber ratio was less
than 1; otherwise the higher cost—$6.4—was used).

Extending Radius with Refueling Bases

It is evident from the preceding discussion that, in the case of both tanker-
refueled bombers and single-stage bombers, increasing combat radius is ex-
tremely costly. Two alternatives are (1) to put operating air bases near the
targets, and (2) to keep operating bases at a great distance and extend the
limited radius of our aircraft by a system of staging or refueling bases.* The

* We refer to “refueling” bases rather than to “staging™ bases throughout this section to indicate
the essential function of these bases in our conception.
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effectiveness of these alternatives depends on their vulnerability to Russxan air
and ground attack.

Staging plays an important role in the operation of the strategic air force.
It permits the intermittent use of bases not suitable for permanent aircraft
basing because of proximity to the enemy, extreme climate, base-rights limita-
tions, inadequate maintenance facilities, or difficulties of supply in wartime. It
provides a good measure of flexibility in the choice of routes of approach to

targets, and, most important, it permits the parking of bombers on bases morej

remote from Russian striking power. The section entitled “Base to Border: The
Effect of Base Vulnerability,” page 225, provides an analysis of base vulner-
ability and the costs of defense and expected ground attrition for primary and
refueling bases. In the present context some summary statements will suffice

‘regarding refueling base systems as supplements to U.S. operating bases.

The transfer of fuel on the ground at a point between the bomber operating
base and the target neceggn_t_at:s_a_mnm%—padang_afmriud_am\afu_ -
transfer : har ation
base-personnel com l i ~ base thh thesc facxh
ties is capable of at least the services performed by aerial tankers at altitude;
and the landing of bombers at advanced bases permits other tasks to be accom-
plished as well. Crew rest and briefing, minor aircraft repair and maintenance
(with some additional equipment and personnel), and bomb test and loading
are among the functions typically performed on SAC staging bases. While the
functions performed on refueling bases are minimal and constrained by con-
siderations of vulnerability, the facilities provided for them need not be. As we
shall see later, a small amount spent on additional concrete, refueling hydrants,
blast-resistant construction, or repair equipment may result in savings during a
campaign very much greater than the added cost of these elements. The over-
seas cost of a refueling base equipped with the best landing, take-off, and fuel-
ing facilities and having extensive microscopic passive defenses and a high
capability for recuperation is $24.6 million.*

This base is provided with the following facilities: one 10, 900- ft runway'
plus taxiways (which could serve as an addmonal emergency runway) iﬁl}s—
Mmg aprons, 30 high-speed hydrants, and 6.6 million gallons of jet
fw (prestocked equipment), housekeeping equipment, run-
way repair equipment, housing, and a permanent complement of 149 men

*See Table 32, p. 197.
t A two-runway base costs $36.9 million.




|

(exclusive of those manning defense weapons). Mobile En Route Teams and
Control and Maintenance Task Forces are deployed for brief pcnods dunng
the campaign.

The 3-year cost to purchase, operate, and support such a refueling base comes
to $60.7* million (apart from the costs of active defense, which are dealt with
in the section entitled "Base to Border: The Effect of Base Vulnerability,™
page 225). And this base is capable of handling the transfer of fuel to 30 B47's
within 2 hr, or 30 B-52's within 3 hr.'! Meoreover, unlike the tanker, which
increases combat radius by a fraction of the unrefueled radius (a fraction which
diminishes with increasing numbers of refuelings as the extra tankers fly out
and back), the refueling base is capable of providing as much range as an
operating base.

Figure 29 illustrates the difference between the cost of air- and ground-
refueling for the B-47, refueled in one case by the KC-97 tanker and in the

8 .
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Fig. 29—;Multistage B-47 systems vs combat radius

:

Systems cost (bomber 4+ radius extension) per l-Q?

other by a refueling base. This figure assumes that both air- and ground-refuel-
ing points are available at optimal locations. At a combat radius of 4000 n mi,
the total systems cost of the air-refueled B-47 is four times that of the ground-
refueled B-47. The difference in the radius extension portion of the cost is a

*See Table 35, p. 204. The additional 3-year cost for a two-runway base is $14.4 million.

tThis is the time required to perform the minimum functions of landing, taxiing, fuel transfer
(from hydrants pumping out 600 gpm), and take-off. This time might be extended for reasons of
strike coordination, crew rest, or aircraft maintenance. However, the threat of enemy attack would
make long stops dangerous.
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factor of 25. For a B-52 at the same combat radius, the total systems cost is
about 50 per cent higher when refueled by a KC-97 than when refueled by 2
ground-refueling base, and the difference in the radius extension portion of the
cost is a factor of 7. At greater combat radii these differences increase very
rapidly. However, at shorter radii, in the neighborhood of 2000 to 3000 n mi,
the differences are much less marked. This fact suggests that a base system with
combat legs in this neighborhood may obtain the characteristic advantages of
aerial refueling (certain kinds of flexibility and insurance) at relatively mod-
erate cost. The ground-refueling system takes advantage of this opportunity.®

If a peacetime period longer than 3 years is taken, the differences between
air- and ground-refueling systems increase. A base involves a substantial initial
investment, but the costs of maintaining it are comparatively low. Tankers, on
the other hand, are expensive to operate as well as to procure. Table 3 compares

Table 3
COST OF RADIUS EXTENSIONS®
(Millions of dollars per bomber)
Total Combat Radius
3000 o mi 4000 n mi 5000 n mi
Aircraft Air | Ground Air Ground Air Ground
Tbree-year period ’
B-47 10.3 1.3 32.7 1.3 oo 1.3
B-52 0.7 0 13.5 2.0 26.3 2.0
Eight-year peviod
B-47 17.1 2.1 55.2 2.1 cene 2.1
B-52 0.7 0 225 3.1 44.3 3.1

e¢Radius extension for air-refueled systems shown in this table consists of KC-97
and en route bases in the ZI.

these systems over an 8-year period as well as over a 3-year period. This longer
period is relevant, since a considerable part of our strategic force 8 years hence
will be made up of B-47 and B-52 aircraft.

There are, in addition, substantial differences in the fuel-transfer rate over
time. A KC-97 can transfer 60,000 gal over a period of one month at projected

* Systems which require more than one tanker (KC-97) per bomber not only incur higher costs
for radius extension than do those involving refueling bases, but they have greater base costs as well
for the extra facilities required for the tankers. :
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sortie rates; a refueling base can deliver its 6.6 million gal of fuel in about
* 6 hr. Where aircraft must be refueled in a stream, on a given strike or a rapid
succession of strikes, this continuing fuel-transfer capability is of importance.

Geography, and the geometry of Russian targets, will not permit operations
at a ratio of one refueling base per bomber wing. More important is the effect
of enemy action, for the total number of bases needed is determined by the
joint effect of the maximum strike the Strategic Air Command (SAC) must
mount plus the capability of the enemy to neutralize our bases. Some allowances
must be made for “insurance” bases. If we provide, say, three times the base
capacity needed on traffic grounds alone, the 3-year systems cost per B-47
comes to $4.0 million. In the case of the B-47, this adds about 40 per cent to the
cost of buying and operating a bomber in the ZI. This is less than the cost of
having available 2 KC-97 with a much more limited refueling capability.

It appears that an extensive overseas refueling-base system is politically
feasible. As we indicated in the section entitled “The Intercontinental Mission,”
page 27, it is more easily accomplished than a heavily-manned, overseas oper-
ating base system. Such a system can be made relatively secure from attack at
reasonable cost. And obtaining sufficient bases to support the 1956 force should
be quite feasible. In addition to the 72 bases scheduled to be avaxlablc for

strategicuse, there are mw&“wr to B-47 standards

in areas of interest.

INTERCONTINENTAL CAMPAIGNS WITH THE B-47

The costs presented so far are important components of an analysis of the
cost to destroy a Russian target system. However, they are not the whole of such
an analysis in themselves. To present a complete analysis, it is necessary first
of all to introduce some of the detailed physical and political geography which
determines the actual relationships between home bases, refueling points in the

air and on the ground, and the targets. Second, we need to introduce the costs
exacted by enemy defenses. As our bombers penetrate to target and withdraw,
they will be subject to attack by enemy fighters and by enemy local defenses.
The support apparatus used to extend the radius of our bombers, on the other
hand, will not be attrited by enemy defenses (though, like the bombers, it is
vulnerable to enemy bombing). It will be capable of re-use with the bombers
that will replace air losses. We have displayed large differences in unit radius-
extension costs with increasing combat radius. These costs are incurred to
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support the operating part of the force. How large do radius-extension costs
bulk in the costs to destroy a Russian industry-target system ? Given a fixed type
of bomb carrier and a system of U.S. bases, how much difference in campaign
costs does it make to use one method of radius extension rather than another?

Radius-extension Requirements To Visit a Russian Industry System

Targets, refueling points, and .bases are not in general spaced so that each
added fuel transfer occurs at a point at which the bomber can make the best
use of the fuel it takes on. There are large stretches of ocean between our home
bases and Russia, in which of course no staging bases are possible. And there
are a great many land areas which are equally unavailable for this purpose,
either because we cannot obtain base rights or because the areas are close
enough to enemy borders to make their availability a matter of the enemy’s
control rather than ours. Similarly, in the case of air-refueling points, these

l/

.\‘ \

have to be kept well outside the enemy’s early-warning network and, moreover,

are for all practical purposes limited to points above identifiable land masses.
For these reasons, and for others connected with the choice of routes to reduce
attrition, to be discussed in the section entitled “Bases, Targets, and Penetration
Paths,” page 135, “great circle” distances from home base to targets have a very
limited utility and may seriously mislead us in judging our radius-extension
needs.

Tables 44 and 44 present one set of routes for the B-47 operatmg mterconu-

nentally from bases in the ZI against the TOU-point Russi

with extension provided exclusiv s e/fufe;l,’gg_pg&;s
are limited to regions at least 500 mi outside enemy boundaries and to points

satisfying the condﬂgg_ah@ﬂ\ﬂabxhty referred to above. W
are taken as either Limestone or Spokane, depending on which one is closer to
the target. In fact, for reasons @ bility, the home operating bases for an
intercontinental system would have to be both less concentrated and further
inside the programmed early-warning network. Limestone and Spokane might
be taken as staging areas, though here again traffic requirements would involve
some multiplication of bases and the removal of others rather further from
targets than Limestone and Spokane themselves

We have excluded routes j n battle
front. The routes presented in this table were CW.
This means, since home bases are limited to the Unit tates, that, for the

air-refueled system, these routes in all but two cases enter enemy defenses
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' O of @6/‘
MINIMUM-TANKER PATHS FORJAIR-REFUELED B\47 AIRCRAFT ~ ~ lgsted,
Distance Distance lDistance Distance .

S to 10 - | Distance to 0 Distance B-36-type
1 Refuel Entry to Bxit Refuel to Mission | KC-97's | Tenkers
2 g Al Point Refuel Point Entey Target Point Exit Point Refuel Base | Radius pet per
B Base {nmi) Point {n mi) Point (n mi) Torget {n mi) Point (n mi) Point (nmi) | (ami) | Bomber | Bomber
168 ] 1| Limestone 1470 66°N/YI°W 1480 59°N/14°B 340 {Minsk 340 39°N/14°E 1830 66°N/46°W 1100 3490 2.3 e
1671 1] Limestone 1470 66°N/31°W 1480 39°N/14°E 840 |Stalinogorsk 840 39°N/14°E 870 63°N/10°W- 2080 3790 40 ses
230} 1] Limestone 1470 66°N/Y1°W 1480 39°N/14°E 940 |Krivoy Rog 940 39°N/14°E 870 68°N/A2°W 2080 3890 40 ves
234} 2| Limestone ] 1470 66°N/31°W 1480 39°N/14°B 930 |Dnepro- . 9350 39°N/14°E 870 68°N/32°W 2080 3900 40 ‘e

dzerzing :
234§ 3| Limestone 1470 66°N/IT°W 1480 39°N/14°E 963 {Dnepro- 963 39°N/14°E 870 68°N/I2°W 2080 3913 40 ‘e

petrovsk
249 | 1 { Limestone 1470 66°N/371°W 1480 39°N/14°E 1000 | Zaporozhye 1000 39°N/t4°E 870 68°N/32°W 2080 3930 40 e
234}) 1| Limestone 1970 64°N/16°W 920 39°N/14°E 1020 !Konstan- 1020 39°N/14°E 890 S4°N/15°W 2000 3910 oo 1.3

tinovka
234] 1| Limestone 1970 64°N/V6°W 920 39*N/14°E 1033 |Kramatorsk 1033 39°N/14°E 890 S4°N/Y°W 2000 3929 e 1.3
234 ] 1} Limestone 1970 64°N/16°W 910 39°N/14°E 1030 |Makeyevka 1030 39°N/14°E 890 64°N/13°W 2000 3940 ves 1.3
2341 1 { Limestone 1970 S4°N/16°W 920 | 99°N/I4°E 1030 {Lisichansk 1030 S9°N/14°E 890 64°N/13°W 2000 3940 vee 1.3
234 | 2| Limestone 1970 64°N/16°W 920 39°N/14°E 1033 |Gorlavks 105% 39°N/14°E - 890 64°N/IY°W 2000 3943 e 1.3
249 | 2 | Limestone 1970 64°N/16°W 920 39°N/14°E 1063 |Stalino 1063 39°N/14°E 890 64°N/13°W 2000 3933 cee .3
1Y) 1 | Limestone 1970 64°N/16°W 920 39°N/14°E 1070 [Dzaudzhikau ] 1070 99°N/14°E 890 64°N/13°W 2000 3960 ‘o 1.3
136! 1 | Limestone 1970 64°N/16°W 920 39°N/14°E 1080 {Kamensk 1080 39*°N/14°E 890 64°N/1Y°W 2000 31970 e 1.3
249 ) 2| Limestone 1970 64°N/16°W 920 59°N/14°E 1090 }Zhdanov 1090 39°N/14°E 890 S64°N/1Y'W 1000 3980 e 1.3
2491 1 [ Limestone 1970 64°N/16°W 920 39°N/14°E 1123 [Taganrog 1123 39°N/14°E 890 64°N/1Y°W 2000 4019 e 1.3
2491 1 | Limestone 1970 64°N/16°W 920 39°N/14°B 1140 |Krasnyy Sulin] 1140 39°N/14°E 890 64°N/1S°W 2000 4030 eee 1.3
249 | 1 | Limestone 1970 64°N/16°W 920 39°N/14°E 1230 [Keasnodar 1230 319°N/4°E 890 64°N/13°W 2000 4120 e 1.3
233 2] Limestone 1970 64°N/16°W 920 39°N/14°E 1230 |Stalingrad 1230 59°N/14°B 890 64°N/1S*'W 2000 4120 een .3
324| 1| Limestone 1970 64°N/16°W 920 39°N/t4°E |° 1450 {Batumi 1430 39°N/I14°E 290 61°N/71°B 2600 4340 e 20
323} 1] Limestone 1970 64°N/16°W 920 39°N/14°E 1490 [Gronyy 1490 '} 39°N/I4°E 290 61°N/71°B 2600 4380 e 30
3251 1 | Limestone 1970 64°N/16°W 920 39°N/14°E 1335 jMakhachkala | 1333 $9°N/14°E 290 61°N/71°B 2600 4443 ves 20
323 | 1 { Limesione 1970 64°N/16°W 920 39°N/14°E 1360 {Rustavi 1560 39°N/14°E 290 61*N/T°R 2600 4430 e 10
323 | 3 | Limestone 2600 61°N/1°E 290 39°N/14°E 1760 jRaku 1760 39°N/14°E 290 61°N/7°R 2600 4630 es 30
3261 1 | Limestone 2600 61°N/71°B 290 39°N/14°E 1933 (Krasnovodsk | 1933 39°N/W4°E 290 61°N/1°E 2600 4823 Ve 30
247 1| Limestone 1970 64°N/16°W 1070 66°N/23°R 1333 |Guryev 1333 66°N/23E 650 61°N/7°R 2600 4480 Ve 20
133 | 3 | Limestone 1470 66°N/AT*W 1620 {66°N/26°E 340 |Leningrad 340 66°N/26°B 1990 66°N/46°W 1100 3430 2.9 vee
133{ 1| Limestone 1470 66°N/Y1°W 1620 | 66°N/26°B 360 |Kolpino 360 66°N/26°E 1990 66°N/46°W 1100 3430 3y e
1541 1| Limestone 1470 66°N/YI°W 1620 66°N/26°E 330 |Shcherbskoy 350 66°N/26°R 1470 68°N/Y2°W 1620 3640 3.0 ses
1341 1] Limestone 1470 66°N/31°W 1620 66°"N/26°E 363 {Koastsnt- 363 66°N/26°E 1470 68°N/I2°W 1620 3633 30 ves

‘ inovskiy

13 1

Limestone | 1470 | 66°N/AT'W | 1620 166°N/26°B 390 [ Yarosiavi 390 66°N/26°E 1470 | 68°N/32°W | 1620 3680 s0 Iy
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167 6! Limestone 1470 66°N/31°W 1620 66°N/26°B 650 [Moscow 630 66°N/26°E 1470 68°N/3¥2°W 1620 3740 30
167] 1} Limestone 1470 66°N/Y1°W 1620 66°N/26°R 663 [Noginsk 663 66°N/26°E 1470 68°N/32*°W 1620 3793 30
167] 2 { Limestone 1470 66°N/YI°W 1620 | 66°N/26°E 700 |Kolomas 700 66°N/26°E 1010 63°N/10°W 2080 3790 40
134 2 | Limestone 1470 66°N/YI°W 1620 | 66°N/26°E 713 |Dzerzhinsk | 719 66°N/26°E 1010 63°N/10°W 2080 3803 40
134] 3| Limestone | 1470 | 66°N/37°W | 1620 | 66°N/26°E 730 |Gorkiy 730 | 66°N/26°E 1010 } 63°N/10°W | 2080 | 3820 40
153 { 1| Limestone | 1470 | 66°N/37°W | 1620 | 66°N/26°E 733 {Kirov 733 |.66°N/26°E 1010 [ 63°N/10°W | 2080 3843 40
163} 1 | Limestone 1470 66°N/31°W 1620 66°N/26°E 865 |Kazan 863 66°N/26°E 1010 63°N/10°W 2080 3953 40 ves
163 1} Limestone | 1970 | 64°N/16°W | 1070 ] 66°N/26°E | 910 |Ulyanovsk 910 | 66°N/26°E 1040 ] 64°N/1s°W | 2000 | 3930 . 1.3
163] 1{ Limestone | 1970 | 64°N/16°W | 1070 | 66°N/26°E | 933 |Syzsan 933 | 66°N/26°B 1040 | 64°N/1s°w | 2000 | 3993 . 1.3
233 | 1 | Limestone 1970 64°N/16°W 1070 66°N/26°E 1000 }Saratov 1000 66°N/26°E 1040 64°N/13"W 2000 4040 s 1.3
165] 2] Limestone | 1970 | 64°N/16°W | 1070 | 66°N/26°E | 1010 |Kuybyshev 1010 | 66°N/26°E 1040 | 64°N/1s°W | 2000 | 4030 ces 13
165| 3| Limestone | 1970 | 73°N/22°W | 1130 {66°N/26°E | 1060 {Ufa 1060 | 66°N/26°E 1120 | 714°N722°W | 2000 | 4120 . 1.3
1356 1] Limestone { 1970 | 73°N/22°W | 1680 | 64°N/33°E 330 {Berezniki 330 | 64°N/3)°E 1630 { 74°N/22°W | 2000 | 3980 e 13
156] 1 | Limestone | 1970 | 73°N/22°w | 1680 | 64°N/33°B | 360 |Gubakha 360 | 64°N/33'E | 1630 | 74°N/22°w | 2000 | 400 | .. 13
156] 2] Limestone | 1970 | 73°N/22°W | 1680 | 64°N/33°E 393 {Molotov 393 | 64°N/SY°E 16% | 74°N/22°W | 2000 | 404y . L3
133 | 1| Limestone | 1970 | 73°N/22°W | 1680 [64°N/33°E | 440 |Votkinsk 440 | 64°N/3E | 1630 | 74*N/22°W | 2000 | 4090 13
156] 2| Limestone | 1970 | 73°N/22°W | 1680 | 64°N/33°E 433 INizhiniy 435 | 64°N/%Y°E | 16%0 | 24°Ns22°w | 2000 | 4109 . 1.3
- Tagil '
136 1| Limestone | 1970 | 73°N/22°W | 1680 |64°N/33°E 480 | Alapayevsk 480 | 64°N/33°E 1650 | 74°N/22°W | 2000 | 4130 1.3
1561 1| Limestone | 1970 | 73°N/22°W 1680 | 64°N/33°E 303 }Sarana 303 64°N/33°E 1650 ] 14°N/22°W 2000 4153 1.3
1356 { 2 | Limestone 1970 TI°N/22°W 1680 64°N/33°E 313 |[Sverdlorsk 313 64°N/%Y°E 1650 T4°N/s22°W 2000 4163 1.3
136] 1| Limestone | 1970 | 73°N/22°W | 1680 ] 64°N/33°E 930 |Severskiy 330 ] 64°N/33°E | 1630 | 74°N/22°W | 2000 | 4180 . 13
156 ] 1} Limestone 1970 T°N/22°W 1680 64°N/3Y°E 353 |}Polerskoy b33 ] 64°N/%3E 1080 78°N/13°E 2600 4220 . 20
164] 2{ Limestone | 1970 | 73°N/22°W | 1680 | 64°N/33°E 390 |Zlatoust 390 | 64°N/33°E | 1080 | 78°N/15°E 2600 | 4293 20
164 ] 1} Limestone 1970 73°N/22°W 1680 |} 64°N/33°E 603 |Miass 60% 64°N/9Y°E 1080 78°N/15°E 2600 4270 20
164} 2| Limestone | 1970 | 73°N/22°W | 1680 | 64°N/33°E 613 |Chelyahinsk | 613 | 64°N/93°E | <1080 | 78°N/13°E 2600 | 4280 . 20
1641 1| Limestone | 1970 | 73°N/22°W | 1680 | 64°N/33°E 643 | Beloretsk 643 | 64°N/33°E 1080 | 78°N/13°B 2600 | 4310 - 20
164] 2| Limestone | 1970 | 73°N/22°W | 1680 | 64°N/33°E 690 |Magnitogossk| 690 64°N/33°E 1080 | 78°N/13°E 2600 4333 cee 20
236| 3| Limestone 1970 T73°N/22°W 1680 64°N/33°E 803 {Ocsk 803 64°N/93°E 1080 78°N/13°E 2600 4470 ves 20
163| 2| Limestone | 1970 | 73°N/22°W | 1840 [ 63°N/63°E | 330 330 | 63°NJ6S°E | 127135 | 78°N/13°E 2600 | 4370 cos 20
328} 1 ) Begovat®
161} 2§ Limestone | 2800 | 80°N/38°E 1380 ] 60°N/771°E 423 |[Kemerovo 423 §0°N/17°E 2160 T4°N/22°W 2000 4399 ves 29
1611 1| Limestone | 2800 | 80°N/38°E 1380 [ 60°N/77°E § 300 [Stalinsk 300 | 60°N/71°E | 2160 | 74°N/22°W | 2000 | 4670 oor 23
139 1| Limestone | 2800 | 80°N/38°E 1460 | 62°N/90°E 325( ﬁ.?m,.nk 323 [ 62°N/90°E | 1300 | 74°N/22°W | 2000 | 4603 ver 23
1661 1 ;//;- % - — Petrovsk?® . P -
204 ({ Spohﬂt)\/ 1970 | W°N/E | 1880 (GN/ua'l!l 420 0 | 4eNmB] 10 | B NATRE | 2600 (7G| . @
sWorld Ae icsl Chants, Bombing Encyclopedia Manna

Taeget cannot be rtached.

nd Code Bool, Ditectorate of Jntelligence, HQUSAF, Washington, D.C., September, 1930.
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Table 4b
SUMMARY OF MINIMUM-TANKER PATHS FOR AIR-REFUELED B-47 AIRCRAFT®

Refuel Point Entry Point Target ?cnen’ation Radius Mission

Avg | Avg | Avg | Avg Distance (n mi) Time (hr) Distance (n mi) Time (hr)
Target Distance | Time | Distance | Time '
Group (nmi) .J(br) | (nmi) ] (hr) [Max | Avg | Min } Max | Avg Min | Max | Avg | Min | Max | Avg | Min

66°N/26°B | 1599 |3.71 | 3085 |7.16 [1060 | 721 | 340 | 246 | 1.67 | 0.79 | 4145 | 3806 | 3425 | 9.62 | 883 | 79
64°N/33°E | 1970 |437| 3650 847 | sos | 358 | 330 | 187 | 120 | 077 | 4453 | 4208 | 3980 {1034 | 976 | 9.3
63°N/65°E | 1970 |4.57 | 3810 {884 530 530 | 530 | 123 | 123 | 1.23 | 4340 | 4340 | 4340 | 10.07 | 1007 | 1007
60°N/77°B | 2800 |6.30 | 4180 |9.70 | s00 | 450 | 425 | 116 | 104 | 099 | 4680 | 4630 | 405 | 1086 | 10.74 | 10.68
62°N/90°B | 2800 [630 [ 4260 (988 | 325 | 325 | 325 | 073 | 095 | 073 | 4383 | 4383 | 4385 | 10.64 | 10.64 |10.64
PFFI‘/E?‘E )i@ @ 3850 420 | 420 | 420 | 097 | 097 | 097 | 4270 | 4270 | 4270 | 991 | 991 | 991
“86°N/23°E | 1970 | 457 | 3040 1333 {1335 | 1333 | 300 | 3.10 | 3.0 | 4375 | 4375 | 4373 | 1045 | 1005 | 1045
59°N/14°E | 1912 (444 | 2906 46.74 |1933 {1178 | sd0 | 449 | 293 | 125 | 4841 | 4084 | 3446 [11.23 | 947 | 799

¢ These averages would, in some ¢ases, be increased if we included the two targets Petrovsk and Begovat, which cannot be reached at all, snd
if we measured from the actusl multiplicity of ZI-base locations instead of from the two points of Limestone and Spokane.
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from the north, and that the leg of the mission traveled over enemy territory
is frequently quite long. (Penetrations vary from 325 n mi to over 1800.)
Some doglegging is involved in these routes so as to reduce the time of pene-
tration over enemy territory. But this was done only so far as it was possible
without adding tankers. While we shall refer to these routes as minimum-
tanker paths for exclusively air-refueled B-47's, their more precise description
is_routes minimizing penetration subject to a_minimum tanker constraint. In
Mm routes, the radii for 98 of the 100
- points average almost 4100 n mi, with a minimum of over 3400 and a maximum
of 5200. TW‘QWMQI&& system cannot be reached from
bwwwﬂmided by tankers only,
even if large numbers of tankers are used prestrike and poststrike. As indicated
earlier, we have taken at most one refueling point prestrike and one refueling

point poststrike for each target. The elements .of the base-to-target path
consist of:

1. A base to refueling point leg,
2. A refueling point to entry point leg, and
3. An entry point to target leg. -

The path back from target to home base is divided similarly. The measure-
ments for each of these legs of the trip are included in Table 4a. Table 45
presents averages and extreme values by target group for distance and mis-
sion times.

Tables 52 and 55 present the analogous measurements for each element of
the paths of a B-47 system operating intercontinentally with the aid of ground-
refueling, and with the supplement of a small number of tankers where appro-
priaterefueling bases are not available. Here again the routes are chosen so as
to keep tanker requirements at a2 minimum, with doglegging to reduce penetra-
tion distarices subject to this constraintHowever, since the ground-refueled
system includes refueling stations around most of the periphery of Russia,
tankers are kept at a minimum, with moderate penetrations. About three-quar-
ters of the entry is from the south, and the maximum penetration is a little less
HWWS therefore more
exten in the minimum tanker-routes for the exclusively air-refueled
system. Home bases, as in the intercontinental air-refueled system, are in the
United States, and measurements start with Limestone or Spokane, whichever
is nearer. The refueling-base locations assumed have been governed by two
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Table 5a
MINIMUM-TANKER PATHS FOR GROUND-REFUELED B-47 AIRCRAFT

Distance ’ Distance IDimnce Distance B-36.
S to to Distance to to Distance type
Z | Refuel Eatry ‘ to Exit Refuel to | Mission] KC-97's | Tankens
% ﬁ zl Point Refucl Point Entry Target Point Exit Point Refuel Base | Radius pee pet
B | Base (n mi) Point (nmi) Point {n mi) Target (nmi) Point {n mi) Point (nmi) | (nmi) | Bomber | Bomber
156 | 1 | Limestone 2000 64°N/19°W 2100 | 63°N/63°E 320 | Berezniki 320 63°N/63°E 2100 64°N/19°W 2000 4420 e 0.3
156 | 1| Limestone 2000 64°"N/19°W 2100 [63°N/6S°E |- 323 |Gubakha 323 63°N/65°E 2100 64°N/19°W 2000 4423 vee 0.3
136§ 1} Limestone | 2000 G4°N/19°W 2100 | 63°N/63°E 323 | Alapayevsk 323 63°N/63°E 2100 64°N/19°W 2000 4423 cee 0.3
136 ] 2] Limestone 2000 64°N/19°W 2100 } 63°N/6S°E 360 |Nizhniy 360 63°N/63°B 2100 64°N/19°W 2000 4460 vie 03
Tagil ,
136 2] Limestone | 2000 1 64°N/19°W 2100 | 63°N/6Y°E 400 |Sverdlovsk 400 | 63°N/63°B 2100 | 64°N/19°W 2000 4300 ves 0.3
136 ] 2} Limestone 2000 64°N/19°W 2100} 63°N/63°E 410 §{ Molotov 410 63°N/63°R 2100 S4°N/19°W 2000 410 10 ‘e
136 | 1] Limestone 2000 G4°N/19°W 2100 1 63°N/63°E 420 {Polovskoy 420 63°N/6S°B 2100 64°N/19*W 2000 4320 1.0 oo
136.] 1} Limestone 2000 64°N/19°W 2100 | 63°N/6Y°E 430 |Severskiy 430 63°N/63°B 2100 64°N/19°W 2000 4330 10 vee
136 | t | Limestone | 2000 64°N/19°W 2100 | 63°N/63°E 463 |Sarana 463 63°N/63°E 2100 64°N/19°W 2000 4363 1.0 cee
1353 | 1| Limestone 2000 64°N/19°W 2100 |} 63°N/63°E 480 | Votkinsk 480 63°N/63°E 2100 64°N/19°W 2000 4380 1.0 o
164 | 2| Limestone 2000 64°N/19°W 2100 | 63°N/GS°E 490 [Chelyabinsk 490 63°N/63°B 2100 64°N/19°W 2000 4390 1.0 aes
164 2 | Limestone 2000 64°N/19°W 2100 | 63°N/63°E 310 | Zlatoust 30 63°N/63°B 2100 64°N/V9°W 2000 4610 1.0 ver
164 1 1| Limestone 2000 64°N/19°W 2100 | 63°N/6%°E 310 |Miass 310 63°N/63°B 2100 64°N/L9°W 2000 4610 1.0 ves
193 | 8 | Limestone | 2000 | 64°N/19°W | 1100 {66°N/26°E | 340 [Leningrad | 340 | 66°N/26°E | 1100 | 64°N/19°w | 2000 | 3440 o | ..
133 | 1| Limestone | 2000 | 64"N/19°W | 1100 |66°N/26°E | 360 [Kolpino 360 | 66°N/26°B | 1100 | 64°N719°w | 2000 | 3460 | 0 | ...
168 | 1| Limestone 2630 33°N/2*W 640 | 39°N/14°E 340 |Minsk 340 39°N/I4°E 640. 93°N/2°W 2630 3830 [} oo
249 | 1| Limestone | 3660 | 33°N/\3°E | 1070 [39°N/33°E | 373 |Krasnodar | 373 | 39°N/33°E | 1070 | 33°N/i3°E | 3660 | si03 o ...
249 | 2| Limestone | 3660 | 33°N/13°E | 1070 |39°N/33°E | 470 |Zhdanov 470 | 39°N/33°E | 1070 | 33°N/13°E | 3660 | 3200 o i ..
249 | 1 | Limestone | 3660 | 33°N/13°E | 1070 [39°N/33°E | 480 |Zaporoshye | 480 | 39°N/33°E | 1070 | 33°N/I13°E | 360 | 3210 o | ...
20| 1 | Limestone | 3660 | 33°N/13°E | 1070 |39°N/33°E | 490 |KrivoyRog | 490 | 39°N/3s°E | 1070 | 33°N/i3°E | 3660 | 3220 o | ...
234 2| Limestone | 3660 { 33°N/13°E | 1070 |39°N/33°E | 500 |Dacprod- 300 | 39°N/33°E | 1070 { 33°N/1yE | 3660 | 3230 o | ...
zeszinsk
234 | 3| Limestone 3660 33°N/I13°E 1070 {39°N/33°B 300 }Dneprop- 300 39°N/33°B 1070 33°N/13°E 3660 3230 4] ves
etrovsk
249 | 1 | Limestone 3660 33°N/13°E 1070 | 39°N/3S°E 300 |Taganrog 300 39°N/33°B 1070 33°N/13°E 3660 3230 (] vor
249 | 2 | Limestone 3660 33°N/13°E 1070 | 39°N/33°E 330 |Stalino ) 330 39°N/3S°E 1070 33°N/13°B 3660 3260 [ ] ™
234 | 1 | Limestone 3660 33°N/13°E 1070 | 39°N/3S°E 330 | Makeyevka 330 39°N/33°B 1070 33°N/13°B 3660 3260 [ ] vos
323 | 1 | Limestone 3660 33°N/13E 1070 | 39°N/3S°E 340 | Dzaudzhikau 140 39°N/33°B 1070 33°N/13B 3660 3270 [ ] ves
234 | 1 | Limestone 3660 33°N/13°E 1070 | 39°N/33°E 3350 |Konstant- 330 39°N/33°E 1070 33°N/13°R 3660 3280 [ ] e
. inovka .
234 ] 2] Limestone | 3660 | 33°N/13°B 1070 | 39°N/33°E 360 |Gorlovka 360 | 39°N/33°E 1070 | 33°N/13°E 3660 3290 ] vos
249 | 1 ] Limestone 3660 33°N/13°E 1070 [ 39°N/3S°E 363 |Krasnyy Suli 363 39°N/3°E 1070 33°N/13°E 3660 3293 0 .
294 ] 1 | Limestone | 3660 | 33°N/13°E 1070 | 39°N/3s°E 370 |Kramatorsk 370 | 39°N/3'E 1070 | 33°N/1Y°R 3660 3300 [ ] .
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Table 5b
SUMMARY OF MINIMUM-TANKER PATHS FOR GROUND-REFUELED B-47 AIRCRAFT

Refuel Point Entry Point Target Penetration Radius Mission

Avg | Avg | Avg | Avg Distance (n mi) Time (hr) Distance (n mi) Time (hr)
Target Distance | Time |Distance | Time
Group (nmi) | (br) | (nmi) | (hr) |Max | Avg | Min | Max | Avg | Min | Max | Avg | Min | Max | Avg | Min

63°N/63°B | 2000- | 464 4100 | 9.51| 510 [ 423 | 320 | 118 | 098 | 0.74 | 4610 | 4523 | 4420 | 10.70 | 10.49 | 10.25
66°N/26°B | 2000 | 4.64| 3100 | 7.19| 360 | 345 | 340 | o084 | 080 | 0.79 | 3460 | 3445 | 3440 | 803 | 799 | 7.98
59°N/14°B | 2650 | 613 3200 | 7.63| 540 | s40 | s40 | 125 | 1.25 | 1.25 | 3830 | 3830 | 3830 | 888 | 888 | 888
39°N/33°B | 4099 | 9.51| 4945 |1147)1270 | 786 | 375 | 295 | 1.82 | 087 | 6215 | 5731 | 3320 | 14.42 | 13.30 | 1234
30°N/40°E | 4520 [1049| 3260 [12.20]1200 | 788 | 230 | 2.78 | 1.83 | 0.53 | 6460 | 6048 | 3490 | 1499 | 14.03 | 12.74
34°N/68°B | 6207 |1440| 6973 |16.18)1250 | 950 | 350 | 290 | 2.20 | o081 | 8223 | 7923 | 7323 | 19.10 | 18.38 | 1698
49°N/90°B | 6600 |13.31] 8320 [19.30| 450 | 390 | 310 | 1.04 | 090 | 0.72 | 8770 | 8710 | 8630 | 20.33 | 20.21 | 20.07
“IN/139°B] 4240 | 984] 4813 [1117| 420 | 420 | 420 | 097 [ 097 | 097 | 5233 | 5235 | 5233 | 123 | 1213
47°N/113°B| 4240 | 9.84] 3730 [13.29] 330 | 330 | 330 | 0.77 | 0.77 | 0.77 | 6060 | 6060 | 6060 | 14.06 | 14.06 |

B




‘ pﬁndpal constraints. First, these bases are located in areas where the present
Air Force program calls for an overseas base, either for operating or staging
use. (However, the precise location of the programmed bases has been avoided
in order to make these measurements more generally usable without trespassing
on top-secret information.) Second, for the purpose of determining tanker-
bomber ratios in the ground:refueled system, it was felt appropriate to rule out
all base areas within 1000 n mi of Soviet or satellite borders. This puts these
refueling points assumed well beyond enemy light-bomber-radius-~With an
appropriate strategy for the use and defense of refueling bases, staging areas
closer than this can be employed without excessive risk to enemy bombing attack
(see the section entitled “Base to Border: The Effect of Base Vulnerability,”
page 225). The limitation to areas beyond 1000 n mi introduces some insurance

~ against the loss of closer bases either through political misfortunes or the ad-
~ vance of enemy ground troops. It also provides a reserve in system radius which
might be useful in evading enemy pursuit on the homebound flight.

If the distance measurements in Tables 4 and 5 are used, together with the
tanker-requirement curves presented earlier for the KC-97 and KB-36 tankers
refueling the B-47’s, the tankers needed to assist each bomber on a mission to
and from any of the 100 targets can be determined. These tanker-bomber ratios
are presented in Tables 4 and 5 for the air-refueled and ground-refueled
systems, each system following routes that minimize tanker requirements. For

“each target the cheapest combination of KC-97's and KB-36's has been selected.
The average bomber-tanker requirement for the intercontinental air-refueled
system is 1.3 KB-36's and 1.1 KC-97’s. For the intercontinental ground-refueled
system, some 0.19 KC-97's and 0.035 KB-36's are needed for each bomber in
the operating force. This amounts to a radius-extension cost in the air-refueled
case of $25.3 million per bomber on a 3-year basis, including a token cost of
staging bases in the ZI. The tanker costs for the ground-refueled system amount
to $1.3 million per bomber. In addition to these tanker costs, the ground-
refueled system involves expenditures for refueling-base construction and oper-
ation which amount to some $60 million per base, with an average of one such
base per wing in the operating force.* |

*In campaigns including consideration of ground attrition, this number is increased as a defense
. measure. See the section entitled “Requirements and Costs for Overseas Operating Bases,” p. 194, and
that entitled “Base to Border: The Effect of Base Vulnerability,” pp. 225f.
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Conditions and Strategies of Attack and Criteria for Evaluation
Summer. We assume that the campaign is conducted in summer. There is
'good reason for this. The task oﬁc;noymg Russian strategic targets is very
much W}’ at this time of year than it is in winter. A large
proportion of the target system is in daylight adequate for the operation of day
fighters. The cost of a summer campaign, it appears, is several times that of a
winter campaign in dollars and in crew losses. It is important, therefore, to
consider the strategic-bombing capability for this worse contingency. Moreover,
the time of outbreak may very well be decided by the enemy, and it appears that
he has a comparatxve advantage in choosing this season, (Strategic targets in the
United States are in much more southerly latitudes, making Russian night
attacks feasible in summer as well as winter. And the firm summer ground has
advantages also for advancing Russian ground forces in the European theater.)
Because the decision is very likely to be the enemy’s, the most unfavorable
season for the campaign from our standpoint is also the most probable. In
consequence, this is the basic case we consider both here and in later sections.
(However, we have also run some winter campaigns. See page 119.) |
Size of Target System and Size of Strikes. We have required all systems to
be capable of destroying at least 80 of 100 industrial targets. And we have also
required all systems to be able to visit 2 minimum of 17 geographically dis-
persed targets on at least one strike with the expectation of destroying approxi-
mately 12.

wc’e%m)ects massive raids of much larger size against widely sep-
arated targets total strategi envisaged is much more

_numerous than our 100-point system. As we explained earlier, it is not part of
the purpose of this report to evaluate Air Force objectives. Instead, we have
examined various base systems and systems of radius extension in regard to their
adequacy for the Air Force’s present objectives and for some alternatives. It is
clear that, for the Air Force's objectives as they stand, the minimum conditions
placed on strike size and total target destruction are quite mild constraints. A
capability of visiting something less than 20 targets on at least one strike is
about as weak a requirement as one might impose for relevance to Air Force
objectives. We therefore have also looked at more rigorous constraints on strike
size and larger target systems. |

The geographic dispersal of the points that may be visited on a single raid is
argued for on the basis of operational considerations of flexibility and surprise,
and also on the grounds of the purposes to be realized. This also has been dis-
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cussed in the section entitled "Criteria for Base Evaluation: Objectives,
Obstacles, Uncertainties,” page 13. It is possible that SAC may have an urgent
need to visit a large number of regions in Russia early in the campaign for the
purpose of destroying or obtaining reconnaissance information on, for example,
counter-air targets. The industry raids would then have to be considered jointly
with this requirement. In the section entitled “Base to Border: The Effect of
Base Vulnerability,” page 225, we consider the characteristics and advantages of
such a joint raid by Russia against SAC bases and against our industry. Such
considerations may govern our own strategic target priorities. If so, this alone
would suggest the visiting of dispersed points. There are other reasons as well
suggested in the section entitled “Criteria for Base Evaluation: Objectives,
Obstacles, Uncertainties,” page 13. On the other hand, the possibility of satur-
ating the Russian target system region by region has certain advantages. Such
an attack is therefore treated in the section entitled “Bases, Targets, and Pene-
tration Paths,” page 135. |

Time Constraints and Time Patterns. We have imposed as a condition that
the 100 target points be visit@\i%-rgo’__@%d with the expectation
of destroying 80. This is also clearly a mild constraint, considering present Air
Force objectives. For the intercontinental systems, the sortie rates achievable
make this condition equivalent to the strike-size limitation already treated. For
the overseas operating base systems to be considered later, it appears that opti-
mum campaign lengths are in any case shorter than is permitted by this con-
straint because these units are particularly subject to bombing attack. Therefore
this constraint is not operative in the campaigns considered.

For reasons to be explained, the air-refueled systems operate at least cost with
an even level of destruction over the whole period. The ground-refueled system
can operate in the manner of the Air Force programmed system with a high
early rate of destruction, or, at an even rate, with roughly the same costs. In the
least-cost criterion for evaluating the systems, the job is defined merely in terms
of cumulative destruction over the 2-month period without attaching any weight
to a higher-than-average rate of destruction in the first part of the period.

Crew Survival Constraint and Cumulative Crew Losses. Each crew entering
enemy defenses is required to have a chance of survival greater than or equal
to/o_,j, and no crew is required to take part in more than one nonabortive
mission. '

While each individual crew has a survival probability of at least 0.5, cumu-
lative crew losses over the campaign differ among systems because of the differ-
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ing tactics as to strike size, number of strikes, etc. Although the basic criterion
of least cost to destroy the targets does not take this into account, the least cost
system in the comparison has in fact the least total crew loss.

Mass Raids. We assume that bombers penetrate enemy defenses at high

_altitude and that large groups of cells headed for targets in the same region
enter the enemy radar network at the same point. These fly in a formation close
enough to prevent recycling of the same fighters against the formation on the
inbound leg, but, within the limits set by this, spread out to saturate enemy
ground-radar facilities for handling data.* The cells branch off from the main
formation to go to individual targets along the track. Cells withdraw separately
from targets, along the same tracks as were used inbound. Each system is given
a choice of tactics as to number of targets attacked, cell size, and total number
of strikes in the campaign. It also chooses between the policy of using all
bombers available for combat on each strike, the strikes diminishing in size as
bombers are lost, or the policy of keeping a steady rate of target visits, some
bombers being held in reserve to replace losses on preceding strikes. The
meaning of this last choice is important enough to be discussed in a separate
heading.

Reserve versus Impact Campaigns. The bombers that take part in the strike
require tankers to extend their radius to target in both the air- and ground-
refueled case. In the ground-refueled system, refueling bases are also needed.
This apparatus of radius extension, unlike the bombers themselves, is not
subject to attrition by enemy defense systems. Therefore, if we start out with
a radius-extension apparatus capable of supporting our entire stockpile of
bombers in a strike, then, as the campaign goes on and some bombers are lost,
some part of this radius-extension apparatus may become redundant. On the
other hand, if we equip ourselves with the means of extending the radius of
only a portion of our force, then as bombers are attrited they can be replaced
out of the stockpile of bombers that have been withheld. The costs per bomber
in this reserve force are by assumption smaller than the costs per bomber in
the operating force, since the latter include the costs of radius extension. When
the costs of radius extension per operating bomber are very high in comparison
with the costs of a bomber in the reserve force, then it may be economic to keep

* The saturation of enemy fighter defense, which is a consequence of the method of attack and
the requirement that the attacking bombers have at least 2 50 per cent survival probability, insures
a large enough ratio of bombers to fighters to force the employment of fighters under “semibroad-
cast” techniques. In this situation a linear model of the air battle provides a satisfactory approxims-
tion for the calculation of attrition.
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the number of operating bombers small and approximately constant. By sending
fewer than the maximum number of available bombers on each strike, we lose
some of the advantages of saturating the enemy area defense. We need to
stretch out the campaign somewhat and make more strikes. This means entering
 the enemy area defenses more often and therefore means repeated losses to the
same enemy fighters. The cumulative aircraft and aircrew losses over the entire
campaign will be larger for a fixed job of destruction. But keeping the oper-
ating force small means a saving of tanker procurement and operation. The
tanker force is also small and substantially constant. As the total stockpile of
bombers (including the reserves as well as operating bombers) dwindles, the
tanker force is used at a steady rate.

Whether or not it pays to follow a reserve policy depends on the ratio of
operating to reserve costs and on the relative weight of area- and local-defense
losses. Figure 30 compares the reserve and impact campaign tactics. It shows
how the total campaign costs to destroy 80 per cent of a Russian industry-
target system using each of these two tactics increase with increasing ratios of
operating to reserve cost. And it shows these costs for two Russian defense
distributions, one of which is superior to the other in its utilization of fighters
and therefore has a higher ratio of area- to local-defense kill potential. In the .
case of each of these Russian defense distributions, the impact tactic results in
lower campaign costs as long as the ratio of unit operating costs to unit reserve -
costs exceeds unity by only moderate amounts. The point of indifference, which
is insensitive to variations in relative weights of local and area defense within
the range shown, occurs at a ratio of unit operating costs to unit reserve costs
equal to 1.6. Beyond this indifference point, the costs of the impact campaigns
are higher than the costs of the campaigns with reserves.

Two qualifications should be observed in these comparisons of reserve versus
impact policy. First, the curves shown are cost curves which say nothing about
cumulative crew losses, campaign time, or comparative fissile-material use
under the two tactics. Second, the reserve policy presupposes an accurate antici-
pation of the air losses to be replaced out of the reserve stockpile. The optimally
balanced reserve force and operating force anticipating a given level of attrition
may be far from optimal, if the attrition tumns out to be unexpectedly different.
The performance of various systems under conditions of uncertainty is con-
sidered in Part III. Suffice it to say at this point that the reserve policy imposes
considerable rigidity on the system using it.
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Fig. 30—Reserve vs impact tactics

The measurements of radius-extension costs presented earlier for the B47
operating intercontinentally against a Russian industry-target system yielded
different operating to reserve ratios for the exclusively air-refueled system on
the one hand and the ground-refueled system on the other, where both systems
followed routes intended to minimize these ratios. The ratio in the ground-
refueled case is rather close to the points of indifference for reserve and dissi-
pative campaigns, as displayed in Fig. 30. The air-refueled system is far to the
right of the points of cross-over. And for this system, in operating against the
Russian defense distributions assumed, the reserve policy clearly pays.

Bomber and Tanker Availability, Reliability, and Refueling Aborts

We make the customary assumptions on availability, namely, that two-thirds
of the bombers and tankers are available for the mission in any given strike.
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(This proportion is of course an expected value, and no quantitative account is
taken of variance from this expected value. Similar comments are in order about
the reliability and attrition expectancies. However, we do consider qualitatively
the direction of the effect of variance.)

- An expected value of 0.85 is taken for the reliability of the B-47 and of the
KB-36 as a refueling plane for the B-47. A reliability of 0.9 is assumed for
the KC-97. In other words, it is assumed that 15 per cent of the bombers which
are available for combat and which are assigned to the mission abort before
entering enemy territory. In analogous fashion, 15 per cent of the KB-36’s and
10 per cent of the KC-97's abort before completing refueling.

In addition to the 15 per cent that abort as described above, it is assumed
that 10 per cent of the planes which have not already aborted will do so when-
ever they land to take on fuel at a staging base. In the ground-refueled system,
the operating force may be diminished by such staging aborts as many as two
(less than twice on the average) times on the way to the target. A very small
proportion of such staging aborts can be accounted for by mechanical or other

~equipment failures associated with the landing and take-off at the refueling

base. A very high proportion of failures found at the staging base will have
been incurred in flight prior to reaching the base (and the 15 per cent abort rate
includes those failures discovered by the crew while in flight). However, even
in a staging operation of the kind postulated, which involves merely a touch-
down for taking on fuel and a new crew, but no repair or inspection, it is felt
that there will be a considerable number of aborts for psychological reasons.
This 10 per cent extra diminution of the operating force at each refueling stop
is intended to allow for such aborts.

In the air-refueled case, we have made no degradation for failures to rendez-
vous due to weather or difficulties with the rendezvous equipment. We have
assumed further that the expected aborts of tankers and bombers are mostly
matched, and that the fuel transfer is invariably accomplished with success.
Since the refueling points selected in order to achieve the maximum radius
extension are beyond the point of no return for the bombers, a refueling failure
could mean not merely an abort, but the actual loss of the bomber. A rough
inspection of the problem of weather alone at the refueling points selected
suggests that the costs involved, either in the form of extra tankers needed to
support alternative refueling points in case of emergency, or of bomber losses
where there are no emergency alternates, are significantly large. These costs
have not been taken into account. ’
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Air Losses Imposed by Enemy Defenses ,

As our bomber forces penetrate enemy territory to target and withdraw, they
will be subject to diminution successively by enemy fighter attack, enemy local
defense, and enemy fighter attack on the outbound leg. The extent of the losses
sustained will depend on the quantity and performance characteristics of enemy
fighter and local defense, their manner of disposition in relation to the targets

“attacked, and the relative success of our countermeasures.

Quantity and Performance of Enemy Fighters. These matters are of course
extremely uncertain. Intelligence data on plants producing MiG's, floor area
and production per floor area estimates, and serial-number analysis can provide
some indications, but the allocation of fighters as between defense and support
of the ground forces is uncertain and in any case subject to change. For the
purposes of campaign calculations, in this section we have taken an approxima-
tion of the low estimate of the number of jet fighters assigned to air defense
developed in a prior RAND study.® We assume that the Russians will deploy for
defense some 1500 MiG-15 day fighters, another 1500 Type-38 day fighters,
and about 300 "1955" All Weather fighters. We assume further that 300 of
the day fighters will be used at night, along with the MiG's that are equipped
with airborne intercept (Al), in areas in which our bombers will have cover of
darkness. Since we assume in addition that such day fighters used on the buddy
system will be as effective as the night fighters, this amounts to the same thing
as assuming some 2700 day fighters and 600 night fighters.

- «In other RAND studies, this low estimate of the number of Russian fighters
has been used in combination with a high estimate which approximately triples
the numbers cited, but a single value has been taken for the probability of inter-
ception and kill of a given type of bomber by a single type of fighter. The
probabilities of interception and kill represent a very large source of variation,
and we have taken the alternative of assuming a ten-to-one variation in total
air losses without fixing the source of variation as between fighter quantities
and individual fighter or ground control intercept (GCI) effectiveness. (The
ten-to-one variation is treated on p. 117f.)

The performance characteristics and armament of the three types of fighters
assumed are summarized in Table 6. |

The Distribution of Area Defense. In the campaigns treated in this part, a
layout of the early warning (EW) and the GCI radar network is assumed which

*W. E. Gasich, An Estimation of Soviet Interceptor Defenses through 1960, The RAND Corpora-
tion, Research Memorandum RM-826, May 22, 1951 (Secret).
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Table 6
CHARACTERISTICS OF THREE TYPES OF SU FIGHTERS

*1935"
: ~ All Weather
MiG-15 Type 38 Fighter
Engine type VK-1 VK-1A Axial Flow
Thrust (1b) 6,000 ' 7,000 10,000
Maximum speed (kn)
At ses level 582 595 620
At 40,000 ft 518 534 365
Service ceiling (ft) -~ 52,000 56,000 57,000
Combat radius (a mi)
Clean 223 235 250
External fuel 360 400 400
Time to climb to 40,000 ft
(min) - 72 6.3 5.5
Armament '
23-mm cannon 2 2
30-mm caanon » 4
37-mm cannon 1 1 ;

¢Data for Type 38 and 1955 All Weather Fighter were taken from Estimated Characteristics of
Soviet Air Weapons, Study No. 102-AC-54/1-34, No. 1, Project No. 10140, ATIC, Wright Patterson
AFB, January 1, 1954 (Secret). Data for the MiG-15 were taken from MiG-15 Flight Test, TR-
AC-27, Project No. 10181, ATIC, Wright Patterson AFB, October 13, 1953 (Secret).

is designed to protect the target system from all axes of attack® (see Fig. 31).
It was assumed, in developing this possible Russian radar net, that attacks along
all axes are equally likely. A fighter deployment within this GCI area is assumed
which is derived essentially from the RAND Missiles~Aircraft Study.' This
deployment is based on analogous assumptions as to the equal likelihood of
attacks from all directions. In its essentials it amounts to a uniform coverage of
the entire GCI area by day fighters and, in summer campaigns, a2 uniform
deployment of the night fighters available below the Fiftieth Parallel. (Alterna-
tive strategies by which the Russians may deploy their fighter defenses are

*This deployment of radars was ddeloped by J. J. Larkin in Some Comments on Possible Russian
Radar Networks of 1954, The RaND Corporation, Research Memorandum RM-625, June 15, 1951
(Secret). : :

tSee J. W. Ellis, Jr., R. B. Murrow, and C. V. Sturdevant, Deployment and Employmens of
Enemy 1955 Fighter Defenses, The RaND Corporation, Research Memorandum RM-828, August 5,
1953 (Secret).
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discussed in the section entitled "Baseés, Targets, and Penetration Paths,” page
135, with particular reference to the problem of matching the defense deploy-
ment to alternative offensive base systems with unequal capabilities for entry
along different axes.) ' |

Fighters in Range of Bomber Tracks. The mass formation of bombers con-
taining groups of cells headed for various targets. penetrates enemy territory
along a treelike track, individual cells peeling off to follow side branches to
their individual targets (see Fig. 32 for an illustration of the tracks followed
in the case of minimum-tanker routes for the ground-refueled B-47 system).
Areas within which MiG's, with the performance characteristics described, can
intercept the B47 flying along these tracks are shown by shading in Fig. 33.
Figure 34 is analogous to Fig. 33 for the air-refueled system following mini-
mum-tanker routes. It will be observed that the point of first interception is

. well within the early-warning network. The corridors below the Fiftieth Paral-

lel are represented by darker shading to suggest the different and lower density
of fighters available to combat our attacks in a2 summer campaign. The propor-
tion of night fighters within radius of a strike is approximated by the ratio of

the darker-shaded area to the total area of the GCI network below the Fiftieth

Parallel and 150 mi or more inside the boundaries of the network. The propor-
tion of the day fighters within radius of a strike is taken as being roughly equal
to the ratio of the lighter-shaded areas to the total area enclosed by a boundary

lying 150 mi inside the GCI network. (In the case of the day fighters, only the

lighter-shaded areas are included, since the strikes are staged so as to give us
the advantage of darkness below the Fiftieth Parallel in summer.)

It is assumed that, on the way out, for the distance the B47 could travel in
the period required to perform one-half a fighter cycle, a bomber cell would
encounter no fighters that could not have been committed against it inbound
up to the point of bomb release. Similar considerations of possible fighter-
recycling would affect the independence of bomber cells on the way out. The
bomber cells would withdraw separately along the same tracks after bombing
their respective targets. Cells that went to targets less far-apart than the dis-
tance traveled in one-half a fighter cycle would be separated during the return
trip by roughly twice the distance between their targets, since the cells that
went to the shallower targets were already returning while the others were
going deeper. However, so long as the target separation was less than the half-
cycle distance, bomber—ell separation on the way back would still be short
enough to prevent a recycling of the fighters, which would permit more than
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one sortie against this particular formation. Bomber cells that went to targets
separated by more than this distance would be subject to essentially independent
attacks on the way back. The measurement of the proportion of fighters in a
position to intercept the bombers on the way out is therefore a very much more

complicated matter than the inbound measurement. The inbound fighter cor-

ridors are fixed by distances to the deepest targets; the outbound. fighter
corridors may include several which overlap on the same track, each defined by
the area of fighters aroused by successive, separately withdrawing bomber cells. -
Figure 35 illustrates schematically the outbound areas swept out by a bomber
returning from a group of targets.
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Fig. 35—Schematic illustration of outbound attrition by
fighters
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Bomber Kills by Fighters. Before the fighters within combat radius of the
bomber track can actually engage in successful air battle with the bombers, they
must surmount a succession of obstacles: The raid must first of all be detected
and tracked; it must be identified as hostile; the fighters must be available for
combat; they must be committed by the commander of the base; they must
survive the hazard of aborting; similarly they must survive the hazard of com-
mitting gross errors; they must detect the bomber from a position permitting
successful attack; they must convert this detection into an actual attack; and
finally, they must kill the bomber in the duel. '

The probabilities of a fighter’s surmounting each of the nine barriers listed
to successfully kill a B-47 is of course a matter of great uncertainty. We are
unsure of the performance of Russian Al radar and of the tightness of the
Russian GCI net, the effect of countermeasures, feints, etc. Table 7 presents a
range of values for the nine component probabilities of a fighter’s intercepting
and killing a B47.

The range of uncertainties indicated in Table 7 for the probabilities of inter-
ception-and kill is very much wider even than the uncertainties as to the number
of Soviet fighters that will be assigned to Air Defense. The expected attrition
our bombers will suffer is affected therefore by these uncertainties. We have
made campaign calculations for ten-to-one variations in bomber losses. This
variation might easily be accounted for, as Table 7 indicates, by the variation in
the probability of interception and kill, though of course it is possible to think
of some of the variation as being due to this factor and the rest to differences
in possible force assignment.

As in the case of Soviet offensive capabilities, so with her defensive capabili-
ties—it is reasonably certain that they are increasing rapidly over time. The
higher attrition values considered may be taken as a measure of the losses to be
incurred by the B-47 following the given tactic of offense at a later date.

In our calculations we have used probabilities of interception and kill as
given in the above table, but we have limited fighter commitments to a 150-mi
lateral distance from the bomber track. In effect, this assumes that P, in the
above table is equal to unity within this corridor and to zero outside it, though
the combat radius of each of the Russian fighters considered is greater than
150 mi by a considerable amount. (In the section entitled “Bases, Targets, and
Penetration Paths,” page 135, we vary the commitment policy as a function of
the relative speed of the fighter and the bomber, the distance of the fighter
base from the bomber track, and the distance of the bomber penetration and
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‘ ‘ COMPONENTS OF THE PROBABILITY OF U.S. BOMBER KILL BY MiG'S® '

P, P, P, P, P, P, P, P, P, | P,
No '
Probability Raid Raid Gross
Level Bomber | PFighter | Tracked| Identified | Availability | Committed | Nonabort | Errors | Detection | Conversion | Kill | Total
High 1 1 0.66 1 095 | 083 | 1 0.83 0.19 | 0.086
Moderate B-47 MiG 15 0.73 0.9 0.3 1 0.9 0.8 0.93 0.8 0.13 | 0.024
Low [ 0.5 08 0.4 1 08y | 075 | o8 0.7 0.08 | 0.0046
High [ 1 1 0.66 1 09 085 | 1 0.9 0.21 | 0.093
Moderate B-47 | Type3s [{ 073 09 0.3 1 085 | o8 | 093 0.83 0.13 | 0.028
Low [ 03 0.8 0.4 1 08 | 073 | o8 075 | o0.10 | 0.0038
High 1 1 0.66 1 085 | o8s | 1 0.83 0.19 | 0.069
Moderate B-47 | “1953" AW |{ 0.7 0.9 0.5 1 075 | 08 093 08 0.09 | 0.014
Low 0.5 08 0.4 1 065 | 075 | 08 ‘| o063 0.06 | 0.0024
High 4 (1 1 0.66 1 0.9 0.8 1 0.8 0.18 | 0.068
Moderate B-32 | MiG1s |{ o8 093 0.3 1 085 | 075 | 095 0.7 0.12 | 0.019
Low | 0.6 0.9 0.4 1 0.8 0.7 0.9 0.6 0.09 | 0.0066
High 1 - 1 1 0.66 1 0.83 0.8 1 0.9 0.24 | 0.097
" Moderate B-52 | Type3s {08 093 0.3 1 0.8 075 | 093 0.83 0.18 | 0.033
Low J { 0.6 09 0.4 1 075 | 07 09 0.7 0.12 | 0.0086
High 1 1 0.66 1 0.8 08 1 0.8 0.18 | 0.061
Moderate B-52 | 1955 AW |{ 08 0.93 0.3 1 0.7 075 | 095 0.73 0.12 | 0.017
Low | 0.6 0.9 0.4 1 06 | o1 | o9 065 | 0.09 | 0.0048
High 1 1 0.66 1 095 | 09 1 09 0.33 | 0.168
Moderate B36 | MiG1s |[{ 083 093 0.5 1 09 085 | 095 0.83 0.21 | 0.052
Low 0.7 09 0.4 1 085 | o8 09 08 0.15 | 0.019
High 1 1 0.66 1 093 | 09 1 09 0.33 | 0.168
Moderate B-36 | Type3s |{ 083 095 0.5 1 09 085 | 093 0.83 0.21 | 0.052
Low 0.7 09 04 1 085 | o8 09 08 0.13 | 0.019
High 1 1 0.66 1 09 0.9 1 09 0.2 | 0.101 -
Moderate B-36 | “1953" AW|{ 0.83 093 0.3 1 08 085 | 093 0.83 0.14 | 0.00
Low 0.7 09 0.4 1 0.7 0.8 09 0.7 0.10 | 0.0089

- @These estimates of the components of the kill probabilities are intended to suggest the range of uncertainty inherent in these parameters. Need-
less to say, the estimate of the range is itself uncertain. The high and low values for the component probabilities were chosen to give s reasonable
probability of occurrence to the over-all probability of kill.
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of the fighter base area from the early-warning network. This has been done
in such a way as to take account of the possibility of feints.) We have degraded
the outbound probability of fighter availability to take account of the progres-

sive deterioration in recycling fighters with combat damage and cumulative

maintenance needs.

Local-defense Losses. We know rather less about Russian local defenses
than we do about her area defenses. It seems likely, with the heritage of Peene-
munde, that Russia has been able to develop an advanced local-defense surface-
to-air missile of the Wasserfall type. And it appears plausible to assume that

she will have such missiles in quantity oy 1956. Until such a time, local-defense .

losses at the altitudes of target area penetration assumed in our tactics will be
substantially zero. The high-altitude local-defense kill potential of Russia, then,
will be a step function of calendar time with a jump at the point of introduc-
tion of high-altitude local-defense missiles. It will have another step downward
at the point of time in which we shall have local-defense-escaping air-to-surface
missiles of the Rascal type. We take as our basic case for 1956 an assumption
that local defenses of the Russians will be approximately the equal of our own
at the same time: following other RAND studies,* we assume 150 Wasserfall
battalions. Each of these units has a round-trip kill potential against the B-47,
for the cell sizes and tactics used, of approximately 1.5 bombers, and an inbound
kill potential which is roughly half this. In the campaign calculations contained
in this section, we have distributed the units according to the number of speci-
fied aiming points (RGZ's) in each target area, so that the Moscow local
defenses are assumed to have a kill potential of 13.8; the Gorky local defenses,
6.9; Begovat, 2.3; and so on."

Air Losses per Strike. It is characteristic of area attrition that a given num-
ber of fighters serve to defend many more than one single point target. There-
fore visits to a small number of targets, in comparison with strikes against many
targets, involve a more than proportionate loss to area defense. We have
assumed, for the minimum-sized strike considered (a few less than 20 targets
visited, with an expected destruction of a few more than 12), that the bomber

*K. 1. Martin, An Estimate of Possible Russian Local Missile Defenses through 1960, The RAND
Corporation, Research Memorandum RM-845, May 20, 1952 (Secret).

tThis.is substantially the assumption of the Missiles-Aircraft Study. See E. S. Quade, The Com-
putational Model for the Missiles and Aircraft for Strategic Bombardment Study, The RAND Corpors-
tion, Research Memorandum RM-986, November 10, 1952 (Secret—Restricted Data); idem, Simple
Models for a Strategic Bombing Campaign, The RAND Corporation, Research Memorandum RM-879,
July 11, 1952 (Secret—Restricted Data).
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tracks come within radius of about 45 per cent of the Russian interceptors

assigned to air defense, and that after this point the number of fighters within -

radius increases in a linear fashion to some two-thirds of the Russian intercep-
tors for a strike against a 100-point target system.’ :

The surface-to-air missile defenses with a radius of about 20 mi are clwly
more nearly assignable to specific point targets than are fighter bases. For the
purposes of the campaign calculations in this section, we have taken the local-
defense kills as varying with the number of targets visited and specifically in
proportion to the number of RGZ's." This is an approximation which appears
to be reasonable as long as we deal with fairly large strikes. For strike sizes
below the ranges we are considering, this assumption is less satisfactory, for
local defenses have some of the characteristics of the area defense. A single
local-defense area may contain a number of RGZ's. This is obviously the case
with Moscow, Leningrad, Gorky, etc., in the target systems we are using. More-
over, if we were to value the targets, these local-defense regions would contain
a considerable fraction of the value of the target system under attack. And it is
likely that the local defenses will be concentrated here, too. Even if we were
to attack one target in Moscow, we should meet substantially all the air-to-
surface missile kill potential assigned to the job of defending not only the six
Moscow targets included in our 100-point target system, but also some 25 or so
RGZ’s which might be included in a broader target system. However, for the
range of strike sizes we are consxdermg, the usual assumption that the local
defenses encountered will vary in proportion to the number of targets attacked
is a useful first approximation. We consider some alternatives later.

The Probabilities of Target Destruction

Because we are not concerned with choice among bombers, the campaign
analysis is made somewhat easier than it might otherwise have been. In the
base and radius-extension-method comparisons we make in the section entitled
“Base to Target: The Cost of Increasing Combat Radius,” page 61, the systems
compared are, so to speak, identical at the point of bomb release. They employ

the same type of bomber and bombing radar in aiming and releasing the same -

*The mathematical model for the campaign and the method of treating enemy losses as wel] as
local defense losses is essentially that of Quade, in Simple Models for a Strategic Bombing Campaign.
We have also tested the results by calculations in which the area defenses encountered are assumed
to increase as a fractional power function of targets visited.

t See Quade, The Computational Model for the Missiles and Aircraft for Strategic Bombardment
Siudy, and Martin, op. cit., p. 13.

107



type of bomb over the same target points. Therefore a great many hard ques-
tions as to CEP, the physical vulnerability of the industrial plants to be
destroyed, lethal radius, and optimal bomb size may be bypassed. The answers
to these questions are essentially the same for each of the systems we are com-
paring. For this reason we are able to assurne, given the various probabilities
of survival inbound to the point of bomb release and the cell sizes needed to
achieve either these probabilities of survival inbound or satisfactory crew-
survival probability, that enough bombs are assigned per cell, and that these
are bombs with large-enough coverage so that the visiting of 100 targets insures
the expected destruction of 80 targets with a high degree of confidence. In
most of the campaigns conducted, assuming yield from only one bomb, this
has meant an assignment of three bombs per target with a yield of between
500 and 600 KT per bomb. Given this bomb assignment and bomb size, the
probability for at least one bomb-carrier of not aborting and of surviving the

area and local defenses is a little over 0.95, and the coverage is a little

under 0.85. ,

The tactic of visiting 100 targets to achieve an expected confirmed destruc-
tion of at least 80 is fairly close to the optimal strategy, as presented in the
RAND Missiles-Aircraft Studies, except where fissile material is extremely scarce.
In this case it may pay to make more visits per target destroyed. We examine
such a repeated-visit case below for its effect on our comparisons.

The simplification which results from identity at the point of bomb release
for most of the comparisons we make among U.S. bombing systems is not avail-
able for all the cases we consider. Where flight profiles differ, the altitudes for
bombing may also differ, sometimes enough to warrant our taking the differ-
ences into account. This is the case when the B-52 ground-refueled poststrike
is compared with the B-52 air-refueled prestrike. And such a simplification at

the point of bombing the target is of course not at all possible in our analysis .

of the reverse side of the air war: the effects of Soviet attack against alternative
base systems for our strategic force. Our base systems, considered as objects of
Russian bombing attack, differ widely in the elements left at risk at the time of
bombing and in the concentration and disposition of these elements. Here

enemy bomb size, lethal radii, the physical vulnerability of various elements at~

risk, and the operational consequences of their destruction form a critical part
of the study. In the section entitled "“Base to Border: The Effect of Base Vul-
nerability,” page 225, therefore, these matters are considered in great detail.
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The Campaign Results

Figure 36 summarizes the costs, neglecting inheritance, to achieve a con-
firmed expected destruction of at least 80 of the 100 industrial targets, using
a B-47 system operating intercontinentally, in one case with the aid of overseas
ground-refueling bases and in the other with the aid of air-refueling only. The
defense is the uniform one described, and the routes followed by both systems
are calculated to minimize the number of tankers required. The air-refueled
system, using a policy of reserve, destroys targets at an even rate, completing
the campaign in six strikes. The ground-refueled system, using a dissipative
policy, destroys the targets in a sequence of four strikes of diminishing size.
(Table 8 presents some of the detailed campaign characteristics.)

30+

T cost of bomber force

=% Cost of rodius extension

Systems cost (blilions of dollars)

Air-refueied system Ground-refueied system
Reserve tactic : impoct tactic

Fig. 36—New 3-year cost to destroy Russian industry targets:
intercontinental air- vs ground-refueled B-47 systems

The campaign calculations show three significant differences in cost:
(1) Even though the air-refueled system follows a policy of reserve, withhold-
ing bombers to replace air losses so as to reduce the size of the operating force
and the number of tankers required, the total radius-extension costs are over six
times those of the ground-refueled system. (2) To limit radius-extension costs
even to this high level, the air-refueled system has to trade some bomber crews
for tankers. The extra loss of bombers over and above the number lost by the
ground-refueled system amounts to slightly less than 30 per cent of the value
of the ground-refueled system's total stockpile of bombers. (3) The total
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Table 8

INTERCONTINENTAL AIR- VERSUS GROUND-REFUELED B-47
COST TO DESTROY RUSSION INDUSTRY TARGETS

(Three-year cost in billions of dollars)

Air-refueled Ground-refueled
System System
Tactic Reserve Impact
Number of strikes é 4
Number of B-47's in operating force ‘ 535 813
Number of B-47’s in reserve for air attrition 642 0
Total number of B-47's 1177 : 813
Number of B-36-type tankers 696 28
Number of KC-97's 588 154
New cost of bomber force | . 11.5 8.0
New cost of radius extension® - 140 2.2
NEW CosT oF TOTAL SYSTEM 255 10.2

aIncludes en route bases, refueling bases, and tanker costs.

systems cost for the exclusively air-refueled system, including all the bombers
in their primary bases in the United States, is two times the analogous total for
the ground-refueled system. This third point is in a way surprising, since a large
number of elements are fixed by assumption in the comparison: the bombers,
" and the operating bases. The meaning of the difference between the two systems
compared, which is essentially a difference in the refueling operation, is best
displayed by a measure of the differences in total systems cost brought about
by this variation in operation. The sum of the differences described in points
(1) and (2) is such a measure. Yet the third comparison, which blurs the rele-
vant differences by including elements fixed by assumption, shows a very
decided superiority for the ground-refueled system.

Aside from the contrast in campaign costs, the systems exhibit differences in
crew losses, fissile-material requirements, rate of destruction, and number of
strikes. The air-refueled system involves a slower rate of destruction and a
larger number of strikes. For this reason cumulative round-trip attrition is
greater. And since inbound attrition for the air-refueled system exceeds that of
the ground-refueled system, the number of bomb carriers, as well as escorts,
shot down on their way to the target is also larger. The fissile-material require-
ments at the point of bomb release are identical. Therefore, the fissile-material

110




R . |

- ———

—————— 1 preer- s - oy "o

usage for the campaign as a whole, including the fissile material shot down by
fighters, is greater for the air-refueled case.

The costs presented in Fig. 36 and Table 8 make no allowance for mherxt-
ance. In fact, as has been discussed, a large portion of the initial outlay for both
the air- and the ground-refueled system has already been made or committed.
Some of the personnel needed for each system have been trained; some installa-
tions are in existence; equipment has been procured, and so on. Since the cost
of such inherited elements does not represent an economic cost of a decision
as between these two alternatives, they are subtracted from the new costs and
the results of these subtractions are shown in Table 9. The comparative incre-
mental costs of campaigns, using the air-refueled system on the one hand and

Table 9

INCREMENTAL COST TO DESTROY RUSSIAN INDUSTRY TARGETS:
INTERCONTINENTAL AIR- YERSUS GROUND-REFUELED B-47 SYSTEM

(Three-year cost in billions of dolhn)

Air-refueled Ground-refueled
System System
New cost 25.5 10.2
Inheritance (with 240 B-36’s considered free) 4.1 3.5
Incremental cost 214 . 6.7
Inheritance (less cost of 240 B-36’s) 2.5 31
Incremental cost 23.0 ' 7.1

the ground-refueled system on the other, are shown in Fig. 37. The availability
of various elements of our inheritance in systems for refueling the B-47 is not
always easy to determine. The KB-36 tankers are a case in point. Some 300
B-36 and RB-36 bombers are programmed to be in the strategic force in 1956.
They will be phased out of bombing use as the B-52 becomes available in
combat-ready units. A large proportion of these (about 240) are firmly com-
mitted as of the present date. However, the Air Force plans to use these as
bombers and has a program for increasing their altitude performance and
reducing their vulnerability in this connection. Moreover, even after the B-36’s
are withdrawn from first-line combat use, they are expected to have other uses
than their employment as tankers: e.g., as carriers of Ficon. The costs of using
these B-36's as tankers at any given period should be measured in terms of the
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Fig. 37—Incremental cost to destroy Russian industry targets:
intercontinental air- vs ground-refueled B-47 systems

alternative uses which are surrendered by so doing. It is clear that these alter-
native uses are of substantial importance to the Air Force in the first part of
this period, and that the B-36 inheritance is not likely to be available to any
considerable extent as tankers at this time; in the latter part of the period, we
consider that the alternative uses are of diminishing importance. Since the heri-
tage of B-3G’s represents a considerable dollar cost, we have shown the incre-
mental costs of the air-refueled system in two ways (see Fig. 37 and Table 9):
(1) excluding the costs of the committed B-36’s along with the costs of other
relevant inherited elements; (2) including all the B-36 costs. From this point
on in this report, we shall assume that these 240 KB-36's are “free.”

If the air-refueled system were constrained to follow a strike policy more
like that which the Air Force presently plans, it would sortie substantially all
available bombers in combat-ready units. Like the ground-refueled system, its
campaign would then consist of a sequence of strikes of diminishing size. This
would involve a great increase in support costs. Figure 38 and Table 10 com-
pare the results of an impact campaign by the air-refueled B-47 system with
the results of such a campaign by the ground-refueled system. The cost con-
trast in this case is, of course, much broader.

Biases

There are several biases in the assumptions underlying the preceding cam-
paign calculations. Many of these favor air-refueling; some favor the ground-
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Fig. 38—Impact tactics in intercontinental campaigns to destroy
Russian industry targets: air- vs ground-refueled B-47

systems (incremental 3-year cost)

Table 10

IMPACT TACTICS IN INTERCONTINENTAL CAMPAIGNS TO DESTROY

RUSSIAN INDUSTRY TARGETS
(Three-year cost in billions of dollars)

Air-refueled Ground-refueled
System | System
Tactic Impact Impact
Number of strikes 4 4
Number of B-47's in operating force 905 813
Number of B-47's in reserve for air attrition 0 0
Total number of B-47's 905 813
Number of B-36-type tankers 1190 28
Number of KC-97's 1021 154
New cost of bomber force 8.9 8.0
New cost of radius extension® 23.5 2.2
NEew Cost oF COMPLETE SYSTEM 324 10.2
Inheritance 4.1 3.5
INCREMENTAL CosT OF COMPLETE SYSTEM 283 6.7

eIncludes en route bases, refueling bases, and tanker costs.
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refueled system. The most important of the latter are

1. The exclusion of the costs of expected damage and the costs of base
defense (these are greater for the ground-refueled system).

2. Partial neglect of costs associated with the political vulnerability of
the refueling-base system (although our target radius measurements
involve some insurance against the possibility of base losses, other con-
tingencies warrant consideration).

Some less obvious possible biases are connected with the strategy of attack.
Against enemy defenses disposed as we have assumed so far, the air-refueled
system improves its performance by techniques of regional saturation and by
following less direct routes, even at the expense of extra costs of radius exten-
sion. On the other hand, the ground-refueled system is more flexible as to strike

Bute and portion of the target system attacked. These questions of route choice
and target region choice are part of the subject discussed in the section entitled"
“Bases, Targets, and Penetration Paths,” page 135. The critical question of
base vulnerability to enemy bombing attack is the subject treated in the section
entitled “Base to Border: The Effect of Base Vulnerability,” page 225. And
the comparative performance of the various base systems under different politi-
cal eventualities is treated in Part III. In short, by successive approximations the
campaign analyses presented later embrace these unfavorable factors so far
left out of account.

The biases in favor of the air-refueled system comprise a long list. We have
already mentioned some relevant factors as being excluded from the costs to
destroy the specified defended target system: the air-refueled system, aside from
its greater cost, involves more crew losses, greater fissile-material expenditure,
a slower rate of destruction and a longer campaign, large neglected costs of
attrition on aborts and rendezvous, and, in its even-strike policy, a considerable
inflexibility in the face of variance from mean attrition values, or unanticipated
large differences in the mean attrition values themselves. A few others de-
serve mention:

1. We have not degraded the combat-radius capabilities of the bombers and
tankers for the necessities of formation flight. Since individual bombers would
differ in state of repair, fuel consumption, and pilot technique, the radius
capabilities of the mass formations we have assumed would in fact be less than
the average for single flight. This could seriously increase the requirements for

radius extension and so worsen the position of the air-refueled system.
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2. We have assumed overloading of the B-47 in the air, but not on take-off.

In the case of the B-47 the air overloading has been tested, and the assumption

is quite justified (as we have mentioned, our assumptions on overloading for
the B-52 by 90,000 Ib extra appear optimistic). The Air Force is considering
overloading on take-off, and this would tend to favor the ground-refueled
system.

3. A number of concessions were made in measuring target radius, some of
which were minor and some of which could have a considerable influence on
the costs of the air-refueled system. To illustrate minor concessions, doglegs
within the penetration part of the mission were neglected. Some parts of the
target system which could not be reached at all by the air-refueled system, even
by following direct routes, were treated as if they could be reached (for less
direct routes, there are more such targets). An example of a more important
concession was the choice of Limestone and Spokane as starting points for the
measurements of target radius. Reasons both of traffic and base vulnerability
make this assumption unrealistic. If the distances were measured from a multi-
plicity of points on the northeastern seaboard, the average target radius would
be extended, and these extra distances would be added to the costs of a system
steeply affected by small distance increments. Besides this, there would be cost
and feasibility questions connected with the multiplication of bases.

4. Though we have penalized the ground-refueled system for extra aborts
on staging, we have not given it any of the benefits that might be derived from
crew exchange inbound or the reduction in delayed kills made possible by land-
ing nearer enemy territory on the way home. Since these are intercontinental
missions that we are comparing, fatigue of a small crew might be considerable,
though difficult to quantify. Similarly, the example of Iwo Jima in World |
War II suggests the usefulness of poststrike staging bases for reducing the
number of bombers that are lost because, although they leave enemy terntory,
they are unable to make it all the way home.

Most of these biases in favor of the air-refueled system are retained in the
later campaign analyses.

Sensitivity Tests

We have made a considerable mumber of sensitivity tests, some of which may
be introduced at this point. The first test examines the effect of the requirement
that repeated target visits be made to the 100-point target system. The second
treats higher-survival-probability constraints. The third displays the result of
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ten-to-one variations in anticipated air losses from local and area defenses. The
. fourth tests the effect of changes in the ratio of area- to local-defense losses.
Repeated Target Visits. The large numbers of bombs and the bomb sizes
- assumed in the campaigns presented permit a lower investment in bombers and
bomber crews than would otherwise be the case. Such a use of fissile material
makes possible the required destruction of 80 per cent of the 100-point system
with a total of 100 target visits made, given the other conditions assumed. This
manner of using fissile material corresponds increasingly to the situation created
by our growing stockpile of nuclear weapons. If fissile material were to become
comparatively scarce, requiring more frugal use even at the cost of extra bomb-
ers and crew lives, this more frugal use could be accomplished in several ways.
One method would involve reducing the number of bombs per cell and making
several visits to individual targets. This method would tend to obtain greater
yield from each bomb dropped by eliminating the uncertainties of predetona-
tion that are present in simultaneous bomb drops, by permitting better use of
reconnaissance o avoid over-killing the targets, etc. The repetition of visits can
“insure a high probability that at least one bomb will survive to be effectively
dropped on target. In a similar way, repeated visits can make more effective
use of smaller bombs. '

We have, therefore, compared air- and ground-refueling in campaigns involv-
ing repeated visits. In these campaigns two visits to the same target may occur
on successive strikes; or they may occur on the same strike: e.g., in two succes-
sive waves spaced closely enough to provide saturation and mutual protection
from fighter defense, but separated widely enough for the second cell to avoid
the blast effects of the first bomb drop and to obtain full yield from its own
bomb drop. Either separation, on successive strikes or in successive waves on
the same strike, means independent penetration of the local defense and an
extra increment of losses to these defenses.

Table 11 and Fig. 39 present results for campaigns involving 250 and
300 visits to the 100-point target system under conditions otherwise identical
with those assumed in the 100-visit case. They show an increase in the abso-
lute ‘margin of superiority of the ground-refueling system. The air-refueled
system is forced into larger strike sizes to accomplish the larger number of
visits, in spite of its high operating costs.

High Survival-probability Constraints. By increasing cell size we can
increase the probability of survival inbound, and, like repeated visits, this will
economize on a specific resource other than dollars, such as fissile material.
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Table 11

REPEATED VISITS TO TARGETS IN THE 100-RGZ SYSTEM
IN INTERCONTINENTAL B-47 CAMPAIGNS

(Three-year cost in billions of dollars)

Air-refueled System Ground-refueled System
250 Visits 300 Visits 250 Visits 300 Visits
Tactic Reserve Reserve Impact Impact
Number of strikes - é 6 6 [
Number of B-47's in operating force 813 1 > T R
Number of B-47's in reserve for air
attrition 975 1085 | ...iih | eeeeen
Total number of B-47's 1788 1990 1318 1485
Number of B-36-type tankers 1057 1176 ‘ 46 52
Number of KC-97's 894 : 996 250 282
New cost of bomber force 17.5 19.5 129 14.6
New cost of radius extension® 22.3 23.5 3.6 4.0
NEew Cost oF COMPLETE SYSTEM 39.8 43.0 16.5 18.6
Inheritance 4.1 41 39 4.0
INcrReMENTAL CosT OF COMPLETE . . .
SYSTEM 35.7 38.9 126 14.6

¢Includes en route bases, refueling bases, and tanker costs.

Increasing the cell size also has the important advantage of reducing round-
trip losses in percent of total number of bombers in the cell, thereby increasing
the individual crew’s chance of surviving a single mission. Campaigns with
higher survival-probability constraints than we have imposed so far also increase
the margin between the air- and ground-refueled systems. They increase the size
of the operating force needed, and the operating costs of the air-refueled system
are high. Table 12 (page 119) and Fig. 40 (page 120) show results of a high
campaign with a minimum survival-probability constraint of 0.75.

Variations in the Level of Defense. The larger uncertainties in the estima-
tion of Soviet area- and local-defense effectiveness at any given date and the
variability of Soviet defenses over time make it essential to consider the effects
of a wide alteration in the air losses to be anticipated. Figure 41 (page 121) and
Table 13 (page 122) present the results of campaigns in which the total defense
kill potential assumed earlier is in one case doubled, and in the other, divided
by five. The relative standings of the air-refueled system and the ground-
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Fig. 39—Repeated visits to targets in the 100-RGZ system:
intercontinental B-47 campaigns {incremental 3-year cost)

refueled system are unchanged, even with these ten-to-one variations in the
total losses the enemy may inflict. . |

This is readily intelligible, for the air- and ground-refueled systems com-
pared use identical bombers, namely the B-47, with the same likelihood of
being intercepted and killed. If the attrition parameters were cut much further,
the crew-survival constraint would be inoperative, and cell sizes would be too
small to accommodate several bombs. To insure sufficiently high inbound
survival probabilities of at least one bomb carrier per target in spite of aborts,
etc., would mean repeated visits or larger cell sizes. Neither one, as the preced-
ing tests show, would improve the relative standing of the air-refueled system.

Changing the Ratio of Area to Local Defense. Since estimates of Russian
local defenses in particular are affected by an extreme paucity of actual data,
it is useful to consider the separate variation of local-defense kills, i.e., differing
values of local-defense losses for a fixed level of area-defense loss. It appears
that the estimates of the Russian local-defense kill potential may be rather high,
considering the lack of direct evidence that they will have any local-defense
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Table 12

RAISING THE MINIMUM PROBABILITY OF CREW SURVIVAL
IN INTERCONTINENTAL B-47 CAMPAIGNS

(Three-year cost in billions of dollars)

Air-refueled Ground-refueled

System System

Tactic Reserve Reserve
Number of strikes é é
Number of B-47’s in operating force 1066 948
Number of B-47's in reserve for air attrition 640 551
Total number of B-47's 1706 1499
Number of B-36-type tankers 1190 28

Number of KC-97's 1021 154 .

New cost of bomber force 16.7 14.7

New cost of radius extensions 278 26

NEew Cost oF COMPLETE SYSTEM 445 173

Inheritance 4.1 3.6

INCREMENTAL CostT OF COMPLETE SYSTEM 404 13.7

aIncludes en route bases, refueling bases, and tanker costs.

missiles in operation at all at the time we are considering in this study. A shift
upward in the ratio of area-defense to local-defense kills affects our compari-
sons. The air-refueled system is penalized more heavily by fighter losses because,
in general, it uses more strikes in a campaign than the ground-refueled system.
It therefore suffers, by comparison, in consequence of the upward shift de-
scribed. This is shown by Table 14 (page 123) and Fig. 42 (page 124).

On the other hand, given our almost total ignorance of the subject of Russian
local-defense missiles, it is worth considering the consequences of a decrease in
the ratio of area to local defense. If the Russians have local-defense missiles,
then, until they achieve a large night-fighter capability, these will constitute
their main defense in a winter campaign. We have tested the comparison of
air- and ground-refueling for decreases in the ratio of area to local defense.
The result in brief is to improve somewhat the position of the air-refueled
system, but still to leave it markedly inferior. So long as any reasonable time
constraints are placed on the campaign, even if we assume area defenses as
zero and assume that unit local-defense kill potentials are isolable by RGZ,
ground-refueling is decisively less expensive. These comments are illustrated
by the campaign results presented in Table 15 and Fig. 42 (page 124).
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Fig. 40—Raising the minimum probability of crew survival:
intercontinental B-47 campaigns (incremental 3-year cost).

INTERCONTINENTAL CAMPAIGNS WITH HEAVY BOMBERS

A comparison of an exclusively air-refueled system with a ground-refueled
intercontinental system for radius extension of the programmed heavy bombers
shows the same result as in the case of the programmed mediums: The ground-
refueled system is distinctly the better. This conclusion merely serves to con-
firm for the future the essentials of SAC's present method of using heavy
bombers.*

The comparison with which we are concerned has to do with a choice of
base systems and not, it must be underscored, a choice of bombers. We are
concerned here with air- versus ground-refueling, not the B47 versus the B-36

# The analysis of base vulnerability in the section entitled “Base to Border: The Effect of Base
Vulnerability,” page 225, indicates the need for some modification, without alteration, of the basic
principle of intercontinental operation with the aid of staging overseas.
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B-47 campaigns (incremental 3-year cost)

or the B-52, or the B-36 versus the B-52. All three of these types of bombers
will constitute significant parts of our strategic force at one time or another
during the rest of the decade. They are of different design vintages; they will
have partially overlapping periods of use, but, in the periods in which they over-
lap, their missions will to some extent differ. A comparison of any two of these
aircraft would require an evaluation of the relative defense effectiveness at
varying times of their use, and would be quite sensitive to assumptions about
enemy defense-force composition. Similiarly, it would be affected by the choice
of flight profile on a target-by-target basis. We have not made this study.

The comparison we do make permits simplification both as to the defense
calendar date and the targer-by-target profile choice. The increase in defense
effectiveness over time, as we have seen, does not affect the comparisons we
make of air- and ground-refueling. The detailed study of profile choice would
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Table 13

VARIATIONS IN TOTAL SU DEFENSE KILL POTENTIAL
IN INTERCONTINENTAL B-47 CAMPAIGNS

Air-refueled System | Ground-refueled System
SU Defense | SU Defense | SU Defense | SU Defense
Kill Potential | Kill Potential | Kill Potential | Kill Potential
Doubled Divided by 5 Doubled Divided by 5
Tactic Reserve Reserve Impact Impact
Number of strikes '3 é 4 4
Number of B-47's in operating force 1090 109 1596 160
Number of B-47’s in reserve for '
air losses 1300 . 130 0 0
Total number of B-47's 2390 " 239 1596 160
Number of B-36-type tankers 1417 142 56 6
Number of KC-97's 1199 120 303 30
New cost of bomber force 23.4 23 15.6 1.6
New cost of radius extensions 28.5 29 4.4 0.4
NEew Cost oF COMPLETE SYSTEM 51.9 5.2 _ 20.0 2.0
Inheritance ‘ 4.1 3.0 4.1 13
INCREMENTAL CoSsT OF '
COMPLETE SYSTEM 478 2.2 159 0.7

2Includes en route bases, refueling bases, and tanker costs.

widen the gap between air- and ground-refueling in the case of the heavy
bombers, since, as the section entitled "Bases, Targets, and Penetration Paths,”
page 135, illustrates, the ground-refueled system’s greater flexibility in this
regard is a distinct advantage. In the campaigns presented in this section, how-
ever, we have assumed that the B-52 flies at identical altitudes, whether radius
is extended by tankers or by prestrike and poststrike staging; and similarly for
the B-36. The absolute magnitudes of the campaign costs and force require-

ments are of lesser significance than the ratios of air-refueled to ground-

refueled campaign results, and, in particular, are not strictly comparable with
those of the B-47 campaigns.

B-52 Campaigns

Tables 16 (pages 126-128) and 17 (pages 130—132) present measurements
of various elements of the minimum-tanker routes to the 100-point industry
target set in the case of the air-refueled and of the ground-refueled system.
They also show the tanker requirements to reach each of the targets, using the
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Table 14

INCREASE IN RATIO OF SU AREA TO LOCAL DEFENSE BY A FACTOROF §°
IN INTERCONTINENTAL B-47 CAMPAIGN

(Three-yéar cost in billions of dollars)

Air-refueled - Ground-refueled
System System

Tactic Reserve Impact
Number of strikes 4 3
Number of B-47's in operating force 442 502
Number of B-47's in reserve for air attrition 286 ) 0

Total number of B-47's 728 ‘ 502
Number of B-36-type tankers 573 .18
Number of KC-97's 486 95
New cost of bomber force 7.1 49
New cost of radius extension 125 14

New Cost oF COMPLETE SYSTEM 196 63
Inheritance ' ‘ . 41 2.7

INCREMENTAL CosT OF COMPLETE SYSTEM ' 15.5 3.6

tanker-bomber relationships presented in Fig. 26 (page 72). These relationships
are based on the probably generous assumption that the B-52 may be overloaded
in the air to a gross weight of 480,000 Ib. This exceeds the gross take-off weight
by 90,000 Ib. '

Table 17 presents the probability of interception and kill parameters used in
the measurement of attrition. The campaign assumptions made are analogous
to those presented in detail in connection with the B-47 campaign. Table 18
(page 133) presents the campaign results. _

The contrast in radius-extension costs is approximately the same as in the
medium-bomber comparisons. The contrast in the total systems costs, including
the costs of both bombers and radius-extension apparatus, is smaller than in
the case of the medium bombers, since the elements that are fixed by assump-
tion, namely the bombers, bulk larger in the heavy-bomber case. However, the
contrast both in the total and in the radius-extension costs is still very marked.
The intercontinental ground-refueled operation has a capability of destroying
the target system at a total net cost which amounts to 57 per cent of that of
the air-refueled system. The radius-extension costs of the air-refueled system
are four times those of the ground-refueled system.
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Table 15

DECREASE IN RATIO OF SU AREA TO LOCAL DEFENSE BY A FACTOR OF §
(WINTER CAMPAIGN]) IN INTERCONTIN_ENTAL B-47 CAMPAIGNS

(Three-year cost in billions of dollars)

Air-refueled Ground-refueled
System System
Tactic Reserve Impact
Number of strikes é é
Number of B-47’s in operating force 233 394
Number of B-47's in reserve for air attrition 280 0
Total number of B-47's 513 394
Number of B-36-type tankers 320 14
Number of KC-97's : 256 75
New cost of bomber force 5.0 39
New cost of radius extension 6.2 1.0
New Cost oF COMPLETE SYSTEM 11.2 49
Inheritance 4.1 28
INCREMENTAL CosT oF COMPLETE SYSTEM 71 2.1
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B-36 Campaigns

Table 18 also presents the results for the B-36 campaign. The air-refueled
system is about two times as expensive as the ground-refueled system. This
margin of superiority is larger than in the case of the B-52 heavy bombers,
because the B-36 target speed and altitude are not as unfavorable by comparison
with those of the B-52 as is its performance through area defenses. Therefore
the B-36 suffers a larger proportion of area-defense losses. A high ratio of area-
to local-defense losses, as we have seen, is unfavorable to the air-refueled system.

THE EFFECT OF INTRODUCING THE RASCAL

The introductior: of -the Rascal in combination with either the medium or the
heavy programmed bomber changes two of the critical parameters in our cam-
paign comparisons of air- and ground-refuelings. First, it means a net reduction
in the combat radius of these planes. The radius capability of the B-47 is cut
by 200 mi, and the mission it must accomplish is cut by 100 mi. The resulting re-
duction of 100 mi in effective radius capability means an increase in the radius-
extension requirements for the B47. In the case of the B-52, the net reduction
amounts to about 50 mi. Second, the use of air-to-surface missiles means a
saving in local-defense loss and a reduction in its importance in comparison
with area defense.* The effect of both of these changes is to widen the margin
of difference between the air- and ground-refueled systems.

SMALLER PLANES

These may be used as escorts, as decoys, or possibly as bombers. The smaller
weight, lower vulnerability, and lower cost of aircraft designed for short, un-
refueled radii suggest the importance of considering a mixed force of strategic
bombers which would include short-range airplanes for use against the nearest
targets. Sixty-five per cent of the industrial targets in the 100-point system
studied are less than 1200 mi from the most advanced staging and forward oper-
ating bases scheduled for use in 1956. Although the short-range airplanes will
be confronted with target-location (navigational) problems and difficulties in
bombing associated with weather over the target, both of which must be

*See E. S. Quade, The Computational Model for the Missiles and Aircraft for Strategic Bombcr)-
ment Study, The RAND Corporation, Research Memorandum RM-986, November 10, 1952 (Secret—
Restricted Data). '
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Table 16a
MINIMUM-TANKER PATHS FOR AIR-REFUELED B-52 AIRCRAFT

Distance Distance MJ Distance Distance
% to to ) Dista to to Distance B-36-type
zZ | Refuel Entry to Exit Refuel to Mission | KC-97's| Tankers
2 lg Zl Point Refuel Point Entry Tasget Point Exit Point Refuel Base | Radius pet per
B | & Base (n mi) Point {(nmi) Point {n mi) Target (n mi) Point {n mi) Point (ami) | (nmi) | Bomber] Bomber
<166 | 1 | Spokane 430 | 33°N/121°W L-3600-4 37°N/111°B| 360 |Petrovsk 360 | S7°N/111°B 00_ | 36°N/123°W| 330 | 4410 1.3 .es
159 1 3 | Limestone 430 34°N/62°W 3800 | 62°N/90°B 323 | Krasnoyarsk 323 62°N/90°B 3070 66°N/3y*W 1180 4373 30 .en
161 | 2 | Limestone 430 I4°N/62°W 3800 | 60°N/77°B 423 | Kemerovo 423 60°N/171°E 3070 66°N/33°W 1180 4673 5.0 e
161 |{ 1 | Limestone 430 34°N/62°W 3800 | 60°N/ 11'8 300 |Stalinsk 300 60°N/77°B 3070 66°N/3Y°W 1180 4730 30 e
163 | 2 | Limestone 430 34°N/63°W | 3420 | 63°N/63°B $30 |Omsk 330 | 63°N/63°B 3320 | 33°N/62*'W 330 4400 23 .
136 | 1 { Limestone 700 38°N/63°W 2930 | 64°N/33°B 330 |Berezniki 330 64°N/33*B PN serereevaea 3630 3960 “es 10
136 | 1 | Limestone 700 38°N/63°W 2930 | 64°N/33°E 360 jGubakha 360 S4°N/3y°B . vereseensnt 3630 3990 voe 1.0
136 { 2 | Limestone 700 38°N/63°W 2930 | 64°N/33°E 393 |Moiotov 393 64°N/33°E i cereretnnae 3630 4023 ses 1.0
133 | 1 | Limestone ] 700 38°N/63°W | 2930 | 64°N/33*E 440 {Votkinsk 440 | 64°N/3Y°E . ceensanieee | 3630 4070 N 10
136 | 2 | Limestone 700 38°N/63°W 2930 | 64°N/33°E 433 |Nizhiniy 453 64°N/33°B ceseesans 3630 4083 e 1.0
Tagil
136 | 1 | Limestone 700 38°N/6Y°W 2930 | 64°N/33°E 480 ]Alapayevsk 480 64°N/33°B R B eseee 3630 4110 vee 1.0
136 | 1 | Limestone 700 38°N/63°W 2930 { 64°N/33°E 303 Saram 303 64°N/33°B .. N 3630 413 ee 1.0
136 | 2 ] Limestone 700 38°N/63°'W 2930 | 64°N/33°B 513 |Sverdlowsk 313 64°N/33°B Ve N ves 3630 4143 oo 1.0
136 | 1 | Limestone 700 38°N/63*W 2930 | 64°N/33°E 330 |[Severskiy 330 | G4°N/S°B . ceebisenane 3630 4160 . 1.0
156 | 1 | Limestone 700 38°N/63°W 2930 | 64°N/3Y°E 333 {Polevskoy 333 64°N/33°B . eesesenrs 3630 4183 Ve 1.0
164 | 2 | Limestone 700 S8°N/63}°W 2930 § 64°N/33°B 390 |[Zlstoust 390 64°N/33°E vere veeseans 36%0 4220 “es 10
164 | 1 | Limestone 700 38°N/63°W 2930 | 64°N/33°E 603 |Miass 603 64°N/33°E e tetssesenaa 3630 4233 ses 1.0
164 | 2 | Limestone 700 38°N/63°*W 2930 | 64°N/33°E 613 | Chelyabinsk 613 64°N/33°E cers tensusesens 3630 4243 .. 1.0
164 | 1 | Limestone 700 38°N/63°W 2930 } 64°N/33°E | + 643 |Beloretsk 643 64°N/33°B PP . 3630 4273 aes 1.0
164 | 2 | Limestone 430 I4°N/63Y°W 3180 | 64°N/33°B 690 |Magnitogorsk] 690 64°N/33°B 3080 33°N/60°W 330 4320 2.3 .re
236 | 3 | Limestone 430 S4°N/6Y*W 3180 | 64°N/3)°R 803 {Orsk 803 | 64°N/3)'B 2450 | 60°N/44°W 1180 4433 3.0 eee
168 [ 1 [Limestone | 610 | 33°N/38°W | 2260 |39°N/I4°E | 340 |Minsk s40 | 39°NAMB | ... .. ] 2870 | a0 | 10 | ...
167 | 1 |Limestone| 610 | 33°N/38°W | 2260 | 39°N/14°E 840 [Stalinogorsk | 840 | 39°N/14°B 2320° | 33°N/71'W 350 | o 13 es
230 | 1 [Limestone | 610 | 33°N/38°W | 2260 |39°N/14°E | 940 |KeivoyRog | 940 | 39°N/14°B | 2320 | 33°Nssr*w | 330 | ssi0 | 19 .
234 | 2 |Limestone | 610 | 33°N/38°W | 2260 |39°N/I4°E | 930 [Daeprod- 930 | 39'N/14°E | 1720 | 60°N/44°W | 180 | 3833 | 20 | ...
rerzhinsk
234 | 3 | Limestone 610 33°N/s*W 2260 | 39°N/14°B 963 |Dacprop- 953 39°N/14°B 1720 60°N/44°W 1180 3830 20 eoe
etrovsk
249 | 1 | Limestone 610 33°N/sa*'wW 2260 | 39°N/14°B 1000 |Zsporozhye 1000 39°N/14°B 1720 60°N/44*W 1180 3883 20 see
234 | 1 | Limestone 610 33°N/ss°W 2260 | 39°N/14°E 1020 |Konstant- 1020 39°N/14°E 1720 60°N/44°W 1180 3903 20 see
inovka
234 | 1 | Limestone 610 335°N/38*W 2260 | 39°N/14°B 1033 |[Kramatorsk 1033 39°N/14°B 1720 60°N/44°W 1180 3920 30 oo
234 1 1 §Limestone 610 33°N/I8*'W 2260 |39°N/14°B 1050 |Makevevka 1030 39°N/14°B 1720 S0°N/44°W 1180 3933 20 e
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234 [ ) fLimestone | 610 | 35°N/38°W | 2260 |39°N/14°E | 1030 |Lisichansk | 1030 | 39°N/14°E | 1720 | 60°N/44°W | 1180 | 3933 | 20 | ...
234 | 2 | Limestone 610 33°N/sa°W 2260 { 39°N/14°E 1033 |Gorlovks 1033 39°N/14°B 1720 60°N/44°W 1180 3940 0 “es
249 | 2 | Limestone 610 33°N/sa° W 2260 | 39°N/14°E 1063 |Stalino 1063 39°N/14°B 1720 60°N/44*W 1180 3930 20 see
323 | 1 | Limestone 610 35°N/3s°W 2260 | 59°N/14°E 1070 |Dzaudzhikau{ 1070 39°N/14°E 1720 60°N/44°W 1180 3933 20 boeo
136 | 1 | Limestone 610 33°N/s8°W 2260 | 99°N/14°E 1080 {Kamensk 1080 39°N/i4°E 1720 60°N/44°W 1180 3963 20 vee
249 | 2 | Limestone 610 33°N/sg*W 2260 | 39°N/14°E 1090 |Zhdanov 1090 39°N/14°E 1720 60°N/44°W 1180 3973 20 vee
249 | 1 | Limestone 610 $3°N/sa° W 2260 | 59°N/I4°E 1123 |Taganrog 11 39°N/14°B 1720 60°N/44*W 1180 4010 0 ees
249 | 1 | Limestone 610 33°N/3R*W 2260 | 39°N/14°E 1140 {Krasnyy Sulin| 1140 | 39°N/i4°E 1720 60°N/44*W 1180 4023 0 ves
249 | 1 | Limestone 610 33°N/38°W 2260 | 39°N/14°E 1230 |Krasnodar 1230 39°N/14°E 1720 60°N/44°W 1180 4113 10 Y
233 | 2 | Limestone 610 33°N/IB8°W 2260 | 39°N/14°E 1230 [Stalingrad 1230 39°N/14°B 1720 60°N/44°W 1180 4113 10 oo
324 | 1t | Limestone 450 32°N/¥9°W 2420 | 39°N/W4°E 1450 |Batumi 1450 39°N/14°E 2320 | 33°N/31°W 330 4520 2) ‘en
323 | 1 | Limestone 430 S2°N/39°W 2420 | 39°N/I4°E 1490 |Groznyy 1490 39°N/14°E 2320 33°N/S1°W 350 4360 23 vee
329 | 1 ] Limestone 430 32°N/39°W 2420 199°N/14°E 1333 |Makhachksla | 1333 39°N/14°B 1720 60°N/44°W 1180 4440 30 sen
323 | 1 [Limestone 430 32°N/3s9°W 2420 [99°N/I4°E 1360 {Rustavi . 1560 39°N/W4*E 1720 | 60°N/44°W 1180 4443 30 T
323 | 3 |Limestone 430 32°N/39°W 2420 | 39°N/14'E 1760 |Baku 1760 39°N/14°B 1720 60°N/44°W 1180 4643 50 ver
326 | 1 |Limestone 700 33°N/s4°W 2170 | 39°N/14°E 1933 |Krasnovodsk { 1933 39°N/14°R 1300 66°N/3T°'W 1500 4370 oee 1.3
153 | 3 |Limestone | 610 | 33°N/3a°W | 2400 |66°N/26°E 340 |Leningrad 30 | 66°Ns26*E | ... | ........... s010 | 3330 10 vas
133 | 1 |Limestone | 610 | 33°N/38°W | 2400 |66°N/26°E 360 |Kolpino 360 | 66°N/26°E R 3010 | 3370 10 oo
134 | 1 |Limestone | 610 | 33°N/38°W | 2400 |66°N/26°E 330 [Shcherbakov | 530 | 66°N/26°E | 2330 | 33°N/60°W | 330 | 3600 | 1.3 vos
1134 | 1 {Limestone | 610 | 35°N/38°W | 2400 |[66°N/26°E 363 {Konstant- 363 | 66°N/26°E [ 2330 | 33°N/60°W | 330 | 3610 | 1.3 e
inovskiy
134 | 1 | Limestone 610 33°N/ss W 2400 ] 66°N/26°E 390 |Yaroslavl 390 | 66°N/26°E 2330 33°N/60°W 330 3640 1.3 o
167 | 6 | Limestone 610 33°N/38°W 2400 | 66°N/26°E 630 {Moscow 630 | 66°N/26°B 2330 33°N/60°W 330 3700 3 oee
167 | 1 | Limestone 610 35°N/358°W 2400 | 66°N/26°E 663 |Noginsk 663 66°N/26°E 2530 33°N/60°W 330 3o 1.3 see
167 | 2 | Limestone 610 33°N/38°W 2400 | 66°N/26°E 700 |Kolomna 700 | 66°N/26°B 2330 33°N/60*W 330 3140 1.3 .
134 | 2 ] Limestone 610 33°N/38°W 2400 | 66°N/26°E 713 | Dzerzhinsk 713 66°N/26°E 2330 33°N/6o*wW 350 3760 | B ‘ee
134 | 3 |Limestone | 610 | 33°N/ss°w | 2400 |66°N/26°E | 730 |Gorkiy 730 | 66°N/26°E | 2330 | 3s°Nssow | sso | 31 | as | ...
133 | 1 | Limestone 610 33°N/38°W 2400 | 66°N/26°E 753 | Kirov 733 66°N/26°E 2330 33°N/60°W 330 3800 13 e
163 | 1 |Limestone | 610 | 33°N/3a*W | 2400 | 66°N/26°E | 863 |Kausn 863 | 66°N/26°E | 1830 | 60°N/4d*w | 1180 | 3873 | 20 | ...
163 | 1 [ Limestone 610 33°N/38* W 2400 | 66°N/26°E 910 | Ulyanovsk 910 66°N/26°E 1830 | 60°N/44°W 1180 39120 0 vee
163 | 1 | Limestone 610 33°N/8°W 2400 | 66°N/26°E 935 |Synan 933 66°N/26°E 1830 60°N/44°W 1180 3969 20 ves
233 | 1 |Limestone | 610 | 33°N/38°W | 2400 | 66°N/26°E | 1000 |Saratov 1000 | 66°N/26°E | 1830 | 60°N/44*W | 1100 | dor0 | 20 | ...
163 | 2 | Limestone | 610 | 33°N/38°W | 2400 | 66°N/26°E | 1010 [Kuybyshev | 1010 | 66°N/26°E | 1830 | 60°N/44°W | 1180 | 4020 | 20 | ...
163 | 3 | Limestone 700 38°N/63*'W 2310 | 66°N/26°E 1060 |Ufs 1060 | 66°N/26°E ceve ceerenas eee jo10 4070 10 vee
247 | 1 | Limestone 430 33°N/61°W 2360 | 66°N/26°E 1333 G 1333 66°N/26°E 2330 33°N/60"W 330 4360 23 e
204 | 2 |spokane | 430 | 3NN2'W| 3390 [UN/I39B] 420, [Komsomohiby 420 | 44°N/139°B | 3290 | saNpzew| ss0 | ase | 23 | ...
381 1 9( /) Begovat?

$World Actonsutical Charts, Bombing Encyclopedia Mannal and Code Book, Directorate of latelligence, HQUSAF, Washington, D.C., September, 1930.

¥ Target cannot be geached.
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Table 1éb
SUMMARY OF MINIMUM-TANKER PATHS FOR AIR-REFUELED B-52 AIRCRAFT*

Refuel Point Entry Point Target Penetration - Radius Mission

Avg | Avg | Avg | Avg Distance (n mi) Time (ht) Distance (n mi) Time (hr)
Target Distance| Time | Distance| Time
Group (ami) | (he) | (nmi) {(hr) {Max | Avg | Min { Max | Avg | Min | Max | Avg | Min | Max { Avg | Min

S7°N/111°B | 4350 |[1.04 | 4050 [9.40 | 360 | 360 | 360 | 084 | 0.84 | 0.84 | 4410 | 4410 | 4410 | 10.23 | 10.23 | 10.23
62°N/90°B 450 1104 | 4250 |9.86 | 323 | 323 | 323 0.7 | 075 | 0.73 | 4575 | 4575 | 4373 | 10.61 .10.61 10.61
60°N/77' E- 450 |1.04 | 4250 [9.86 | 300 | 4350 | 423 116 | 1.04 | 099 | 4750 | 4700 | 4673 | 11.02 | 10.90 | 10.85
63°N/63°E 450 |1.04 | 3870 [8.98 | 530 | 330 | 330 1.23 | 1.23 | 1.23 | 4400 | 4400 | 4400 | 10.21 | 10.21 | 10.21
64°N/33°E 647 [1.350 | 3629 |[8.42 | 805 | 338 | 330 187 | 1.29 | 0.77 | 4434 | 4187 | 3959 | 1029 | 9.71 | 9.18
39°N/14°E 580 |1.33 | 2870 |6.66 (1933 [1178 | 340 | 449 | 2.73 | 1.23 | 4803 | 4048 | 3410 | 1115 | 939 | 791
66°N/26°E 613 |1.42 ]| 3010 |6.98 [1333 | 740 | 340 310 | 1.72 | 0.79 | 4343 | 3730 | 3330 [ 1008 | 870 | 7.77
44°N/139°B | 450 |[1.04 | 3840 [891 | 420 | 420 | 420 | 097 | 097 | 097 | 4260 | 4260 | 4260 | 988 | 988 | 9.88

8 These averages would, in some cases, be increased if we included the target Begovat, which cannot be reached at all, and if we measured from
the actual multiplicity of ZI-base locations instead of from the two points of Limestone and Spokane,
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evaluated in connection with their bombing use, they may be able to bomb
visually with greater accuracy than high-altitude medium and heavy bombers
and so may accomplish greater damage with a given quantity of fissile material,
particularly in 2 summeér campaign. Aside from their smaller weight, lower
probability of being intercepted, and lower procurement cost, such airplanes as
the F-101 can be easily dispersed and evacuated from their primary bases, are
equipped as all-weather interceptors, and can defend their own bases. Whether
the escorts programmed for 1956 are used as bombers, as escort fighters, or as
decoys, their strategic use appears practicable only from an advanced primary-
based system or from a more distant primary-based system with overseas ground-
refueling facilities. The preference for ground-refueling over air-refueling
would be greatly increased if these components of the programmed force were
taken into account.

SUMMARY: THE EFFECTS OF DISTANCE FROM BASE TO
ENEMY TARGET

One principal outcome of the analysis in the section entitled “Base to Target:
The Cost of Increasing Combat Radius,” page 61, is that, so far as the effects of
increasing target radius are concerned, radius-extension costs increase very
sharply if we remove all ground-base functions to extreme distances from tar-
gets; and, by comparison, they increase quite moderately if we remove sub-
stantially all the functions associated with the storage and transfer of fuel. We
have also seen that, at moderate combat radii (considerably less than inter-
continental combat radii), the costs of aerial refueling are moderate and do not
increase too sharply with small increases in distance.

These effects have been reflected in campaign costs. Campaigns have been
examined for very wide ranges of parameters, and the results have been shown
to be insensitive to such variations. However, we have not analyzed, so far, the
costs of defending the overseas refueling function. And we have not considered
the logistics costs and defense requirements of leaving all operating-base func-
tions forward, or in some intermediate overseas position. Before considering
these matters, we shall deal with the question of the relation of the base systems
to the choice of alternative paths through enemy defenses.
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Table 17a
MINIMUM-TANKER gATHS FOR GROUND-REFUELED B-52 AIRCRAFT

Distance Distance MJ Distance Distance
S to to Dista to to Distance B-36-ype
Z 1., Refuel Entry to Exit Refuel to | Mission | KC978} Tankers
g N| = Point Refuel Point Entry Target Point Exit Point Refuel Base | Radius | per per
B | = Base (n mi) Point (n mi) Point (n mi) Tasget {n mi) Point (a mi) Point {nmi) | (ami) | Bombes| Bomber
156 | 1 | Limestone 1800 T1°N/67°W 2260 63°N/63°E 320 | Berezniki 320 63°N/65°E 2260 T7°N/61°'W 1800 4380 vee ves
136 { 1 { Limestone 1800 7' N/61°W 2260 63°N/65°E 323 |[Gubakha 323 63°N/63°E 2260 T7°N/67°W 1800 4383 ses .o
136 { 1 | Limestone 1800 77°N/67°W 2260 63°N/63°E 323 | Alapayevsk 323 63°N/63°E 2260 77°N/61*W 1800 4383 e ses
156 | 2 | Limestone 1800 77°N/671°W 2260 63°N/65°E 360 }Nizhiniy 360 63°N/63°E 2260 T7°N/ST'W 1800 4420 e res
! Tagil
136 | 2 | Limestone 1800 77°N/67°W 2260 63°N/83°E 400 |Sverdiovsk 400 63°N/63°B 2260 T71°N/61*'W 1800 4460 ces “es
156 | 2 | Limestone 1800 77°N/671°W 2260 63°N/63°E 410 | Molotor 410 63°N/63°E 2260 T1°N/61°W 1800 4470 ren P
156 | 1 | Limestone 1800 77°N/67°W 2260 63°N/65°E 420 {Polevskoy 420 63°N/63°E 2260 T7°N/61°W 1800 4480 e cee
136 | 1 | Limestone 1800 171°N/671°W 2260 63°N/63°E 430 | Severskiy 430 63°N/63°B 2260 17°N/671°W 1800 4490 veo aee
136 | 1 } Limestone 1800 T71°N/61°W 2260 63°N/65°E 463 }Sarama 463 63°N/63°B 2260 TI°N/6T*'W 1800 4325 see ves
133 1 | Limestone 1800 77°N/671°W 2260 63°N/65°E 480 | Votkinsk 480 63°N/63°B 2260 T1°N/6T°W 1800 4340 e cor
164 ] 2 | Limestone 1800 77°N/61°W 2260 63°N/65°E 490 ) Chelyabinsk 490 63°N/63°B 2260 T1°N/6T*W 1800 4330 vee vee
164 ] 2 | Limestone 1800 771°N/671° W 2260 63°N/63°E 310 | Zlatoust 310 63°N/63°E 2260 TIN/61*W 1800 4370 ‘e see
164 ] 1 | Limestone 1800 T71°N/67°W 2260 63°N/63°E 310 | Miass 310 63°N/63°E 2260 T1°N/61°W 1800 4370 ven ves
133 | 3 | Limestone 2000 64°N/19°W 1100 66°N/26°E 340 |Leningrad 340 | 66°N/26°B 1100 64°N/19°W 2000 3440 e "ee
153 | 1 | Limestone 2000 64°N/19°W 1100 66°N/26°E 360 | Kolpino 360 66°N/26°E 1100 64°N/19°'W 2000 3460 ves eee
168 { 1 | Limestone 2000 64°N/19°W 1020 39°N/14°B 340 |Minsk 340 39°N/14°B 1020 64°N/19°'W 2000 3360 e .
249 | 1 | Limestone 2800 34°N/8°W 1980 39°N/3S°E 373 |Krasnodss 373 39°N/3s°B 1980 34°N/8*'W 2800 3133 “eo .or
249 | 2 { Limestone 2800 34°N/8°W 1980 39°N/35°B 470 | Zhdanov 470 39°N/33°B 1980 34°N/a°W 2800 3250 e ves
249 | 1 | Limestone 2800 34°N/8°W 1980 39°N/33°E 480 | Zaporozhye 480 39°N/33°E 1980 34°N/8*W 2800 3260 ves e
230 } 1 | Limestone 2800 34°N/8°W 1980 39°N/3s°E 490 {Krivoy Rog 490 39°N/33°B 1980 34°N/8*W 2800 3270 cos ver
234 | 2 | Limestone 2800 I4°N/8°W 1980 39°N/3S°E 300 }Dneprod- 300 39°N/33°B 1980 34°N/8*W 2800 3280 see see
: zerzhinsk :
234 | 3 | Limestone 2800 34°N/8*'W 1980 39°N/3s°B 300 |Dneprop- 300 39°N/33°B 1980 3M°N/s*W 2800 3280 s ‘es
etrovsk
249 | 1 | Limestone 2800 34°N/8°W 1980 39°N/33°E 300 |Taganrog 300 39°N/33°B 1980 34°N/8*W 2800 3280 ces ves
249 | 2 | Limestone 2800 34°N/8°W 1980 39°N/33°B 330 |Stlino 330 39°N/33°B 1980 3M°N/°W 2800 3310 con vee
234 | 1 | Limestone 2800 34°N/8*W 1980 39°N/33°E 330 |{Makeyevka 330 39°N/33°B 1980 34°N/8*W 2800 3310 “es ves
323 ;| 1 | Limestone 2800 34°N/8*W 1980 39°N/33°B 340 {Dzaudzhikau 340 39°N/33°B 1980 34°N/A°W 2800 3320 see ses
234 | 1 | Limestone 2800 34°N/8*W 1980 39°N/3s3°E 330 ]Konstant- 330 39°N/33°B 1980 34°N/8*W 2800 3330 ‘es ces
| inovka )

234 | 2 | Limestone 2800 34°N/s*'W 1980 39°N/33°B 360 |Gorlovks 360 39°N/33°E 1980 34°N/s°W 2000 1340 ves oo
249 | 1 | Limestone 2800 34°'N/8°W 1980 39°N/33°B _,6’ Knsnyy Sulin] 363 39°N/33°B 1980 34°N/s*W 2800 3343 oo .
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Limestone
Limestone
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Limestone
Limestone

Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone

Limestone
Limestone

Spokane
Spokane
Spokane

Spokane
Spokane

2800
2800
2800
2800
2800
2800
2800
2800
2800
2800
2800
2800
26800
3130
3130
3130

330
3130
3t

3130
3130
3130
3130
3130
3130
3130
3130
3130
330
3130

3420
3420

4240
4240
4240

4240
4240

34°N/8°W
34°N/8°W
3°N/B°W
34°N/8°W
34°N/8°W
34°N/8°W
34°N/8°W
34°N/8°W
34°N/8°W
34°N/8°W
34°N/8°W
34°N/8°W
34°N/8°W
37°N/3°E

371°N/3°E

37°N/3°B

37°N/3E
37°N/3°B
37°N/3°E
37°N/3°B
37°N/3°E
37°N/3°B
37°N/3°B
37°N/3°E
37°N/3°E
37°N/3°E
37°N/3°E
37°N/3°E
37°N/3°E
37°N/3°E
26°N/350°E

26°N/30°E

36°N/140°E
36°N/140°E
36*°N/140°E

36°N/140°E
36"N/140°E

1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1430
1430
1430

1430
1430
1430

1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820

1000
1000

2360

39°N/33°E
39°N/35°E
39°N/33°E
39°N/33°B
39°N/335°E
39°N/335°E
39°N/33°E
39°N/33°E
39°N/33°E
39°N/33°E
39°N/33°E
39°N/335°E
39°N/33°E
39°N/33°E
39°N/33°E
39°N/33°E

39°N/33°B
39°N/33°E
39°N/33°B
38°N/40°E
38°N/40°B
38°N/40°E
38°N/40°E -
38°N/40°E
38°N/40°E
38°N/40°B
38°N/40°E
38°N/40°E
38°N/40°B
38°N/40°E

34°N/68°E

49°N/90°E
49°N/90°E
47°N/113°B
44°N/139°E

370

960

Kramatorsk 570 39°N/33°E 1980 34°N/B*W 2800 3330
Kamensk 373 39°N/33°E 1980 34°N/8°W 2800 3333
Lisichansk 600 ] 39°N/35°E 1980 34°N/8°W 2800 3380
Stalingrad 680 39°N/33°E 1980 34°N/8°W 2800 3460
Saratov 830 39°N/3S°E 1980 34°N/8°W 2800. 3630
Stalinogorsk 900 39°N/33°E 1980 34°N/8°W 2800 3680
Kolomna 9260 39°N/33°E 1980 34°N/8°W 2800 3740
Moscow 980 | 39°N/33°E 1980 | 34°N/8°'W 2800 3760
Syzran 990 | 39°N/33‘E 1980 | 34°N/8'W 2800 3770
Noginsk 1000 39°N/33°E 1980 J4°N/8°W 2800 3780
Kuybyshev 1030 39°N/33°E 1980 34°N/8°W 2800 3810
Dzerzhinsk 1060 39°N/33°E 1980 34°N/8°W 2800 3840
Gorkiy 1070 39°N/33*E 1980 34°N/s8°W 2800 38%0
Ulyanovsk 1090 39°N/33°E 1430 | 37°N/AE 3130 3650
Shcherbakov | 1120 | 39°N/3%°E 1430 | 37°N/3°B 3130 3680
Konstant- 1120 39°N/33°B 1430 1 371°N/3°E 31%0 3680
inovskiy
Yaroslavl 1120 | 39°N/35°B 1430 ) 371°N/3°B 3130 3680
Kazan 1125 ] 39°N/33°B 1430 | 37°N/3°E 3130 3683
Kirov 1270 39°N/3S°E 1430 37°N/3°E 330 3830
Batumi 230 38°N/40°E 1820 § 37°N/3E 330 3180
Rustavi 280 38°N/40°E 1820 37°N/3°E 3130 3230
Growyy 360 | 38°N/40°B 1820 | 37°N/3°E 3130 330
Makhachkals 420 38°N/40°E 1820 37°N/3°E 3130 3370
Baku 430 38°N/40°E 1820 37°N/3°E 3130 3380
Krasnovodsk | 6000 | 38°N/40°E 1820 | 37°N/yE 3130 3330
Guryev 730 | 38°N/40°E 1820 | 37°N/3°B 3130 3700
Orsk 1090 38°N/40°E 1820 37°N/3°E 3130 6040
Ufs 1130 38°N/40°E 1820 37°N/3°E 3130 6100
Magnitogorsk| 1170 38°N/40°E 1820 371°N/3°B 3130 6120
Belosetsk 1200 38°N/40°E 1820 37°N/3°B 3130 6130
Begovat 330 34°N/68°E 1000 26°N/3o°E 3420 6770
Omsk 1250 34°N/68°E 1000 26°N/350°E 3420 7670
Stalinsk 310 49°N/90°E 2360 36°N/140°E | 4240 6910
Kemcrovo 400 49°N/90°E 2360 36°N/140°E 4240 7000 .
- {Krasnoyarsk 430 | 49°N/90°B 2360 | 36°N/140°E | 4240 7030
Petrovsk 330 47°N/113°R 373 36°N/140°E 4240 54
Komsomolsk | 420 | 44°N/139°B | 1490 | 36°N/140°E | 4240 6130
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*World Aeronautical Charts, Bombing l:'uquoprl/'/l}(nu/l and Code Book, DitaAo:rnte of Intelligence, HQUSAF, Washington, D.C., September, 1930.
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| Table 17b
SUMMARY ‘OF MINIMUM-TANKER PATHS FOR GROUND-REFUELED B-52 AIRCRAFT

Refuel Point Entry Point Tatget Penetration _ Radius Mission
Avg | Avg| Avg | Avg Distance (n mi) Time (hr) Distance (n mi) Time (hr)
Target Distance | Time | Distance| Time

Group (nmi) | (hr) | (nmi) | (hr) |[Max | Avg | Mia | Max | Avg | Min | Max | Avg | Min | Max | Avg | Min

63°N/65°E 1800 | 4.18| 4060 | 9.42 510‘ 423 320 1.18 | 098 | 0.74 | 4570 | 4483 | 4380 | 10.60 | 10.40 | 10.16
66°N/26°E 2000 | 4.64| 3100 7.19| 360 | 345 340 084 | 080 [ 079 | 3460 | 3445 | 3440 | 8.03 799 | 798
59°N/14°B 2000 | 4.64| 3020 7.00{ 340 { 3540 340 1.23 1.2 1.25 | 33560 | 3560 | 3360 | 8.26 | 8.26 | 8.26
39°N/33°B 2840 | 6.59) 4753 |11.03]1270 | 786 373 295 1.82 | 087 | 6023 | 3539 | 5128 | 13.97 }12.85 | 11.90
38°N/40°E 3130 7.26] 4950 |11.48[1200 | 788 230 2,78 | 1.83 | 033 | 6150 | 3738 | 5180 | 14.27 | 13.31 | 12.02
34°N/68°E 5420 [12.57| 6420 [14.89{1250 | 930 330 290 | 220 | o081 | 7670 | 7370 | 6770 | 17.79 | 17.10 | 15.71
49°N/90°B 4240 | 9.84] 6600 ;13.31} 450 | 390 310 | 1.04 | 090 | 0.72 | 7050 6990 6910 | 16.36 | 16.22 | 16.03
47°N/113°B | 4240 | 9.84] 3815 [13.49] 330 | 330 330 | 0.77 | 077 | 0.77 | 6143 | 6145 | 6143 | 14.26 | 14.26 | 14.26
44°N/139°B | 4240 | 9.84| 3730 [13.29] 420 | 420 420 | 097 | 097 | 097 | 61350 | 6150 | 6150 | 14.27 | 14.27 | 14.27
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' Table 18
INTERCONTINENTAL AIR- VERSUS GROUND-REFUELING FOR HEAVY BCMBERS

Air-refueled System Costs and Requirements To Destroy Russian Indusiry Targets Are

Presented as a Percentage of Ground-refueled System Costs and Requirements

B-52e B-368
(%) (%)
Number of strikes 125 100
Total number of bombers 144 147
Number of bombers in operating force 84 99
Three-year cost of bomber force 144 148
Three-year cost of radius extension 439 358
THREE-YEAR ToTaL SYSTEMS Cost, NEW 174 174
Inheritance 171 98
THREE-YEAR TOTAL SYSTEMS CosT, INCREMENTAL 175

190

8 Air-refueled systems use reserve tactics; ground-refueled systems use impact tactics.
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C. Bases, Targets, and Penetration Paths

OFFENSE AND DEFENSE FLEXIBILITY AND PENETRAflON
CHOICE

The relation of a base system to various points of entry into and exits from
enemy-defended territory can strongly affect both our attrition and our support
costs in a strategic campaign. Base systems differ greatly in the choice that they
permit among alternative routes, speeds, and altitudes of penetration through
enemy defenses. By the same token, they differ in the choices they leave open
to the enemy as to the deployment and commitment of his defense.

We have seen that some base systems entail very high average unit radius-
extension costs to attack a specified defended target system, even when routes
calculated to reduce the unit radius-extension costs for the operating force are
used. The subject of this section concerns the campaign consequences of the fact
that a base system may also involve (1) large differences in the average unit
radius-extension costs it requires to follow alternative paths to the same targets,
and (2) a large dispersion about these averages in the costs to reach individual
targets. The degree of such inequalities in our effectiveness or costs contrasts
markedly for differing offense base systems. But such inequalities may be
exploited by the enemy. Therefore, to evaluate alternative offense base systems
it is important to examine the penetration and defense tactics they permit.

Both the offensive tactics illustrated in the section entitled “Base to Target:
The Cost of Increasing Combat Radius,” page 61, and the defense tactics which
oppose them can be significantly improved. It appears doubtful that analytic
“optima” are precisely definable in so complex a situation. However, several
decisive improvements over the tactics examined can be defined and illustrated.
These offense and defense tactics are examined in campaigns for the destruction

of the basic 100-point industry-target system, and also for the distinction of

expanded and nonuniform-valued target systems.

ATTRITION AND PENETRATION

As 2 mass formation of bombers penetrates more deeply into an area having
roughly uniform fighter coverage, attrition inbound tends to increase because
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(1) the track comes within the combat radius of a growing number of fighters,
(2) the proportion of those fighters within range which are available for com-
mitment becomes larger with the time after warning, and (3) the proportion of
fighters available which the base commander can afford to commit, without
excessive risks from feints and time-staggered attacks, grows as the bomber
formation advances for an increasing distance inside the early-warning perim-
eter. Outbound attrition increases not only because the area within which the
fighters are stirred up by the deeper penetrations is greater, but also because,
where cells withdraw separately from widely separated targets along the same
track, the number of opportunities to recycle individual fighters increases. For
areas with a uniform density of equally effective fighters, this means a steady,
more than proportional increase in attrition.* For nonuniform defense distribu-
tions, the relation of attrition to increasing penetration is not steady but depends
on the region penetrated and on the specific tracks. The area-defense distribu-
tion described in the section entitled "Base to Target: The Cost of Increasing
Combat Radius,” page 61, was nonuniform in the density of fighters employed
above and below the Fiftieth Parallel. We shall consider other defense distribu-
tions involving, among other things, denser concentrations of fighters. First,
however, we shall deal with the choice of alternative routes by the offense and
the campaign costs involved against a defense distribution of the sort already

described. -

ROUTE CHOICE

Doglegging

Depending on the relationship between the base, the target, and the inter-
vening boundary of fighter-covered territory, the distance penetrated through
enemy defenses to a given target may be reduced by doglegs. Then, by increas-
ing the base-to-entry-point leg of the mission, the entry-point-to-target leg is
shortened. In the section entitled "Base to Target: The Cost of Increasing Com-
bat Radius,” page 61, the routes adopted for specific bomber base combinations
took advantage of such doglegs only so long as they did not involve an increase
in total mission radius large enough to require extra tankers. These were mini-
mum-tanker routes, and they minimized penetration subject to this condition.
Penetration distances can be further reduced, if we relax this requirement. This

*More exactly, monotonic nondecreasing, with more than proportional increases for intervals
of sufficient size.
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means in effect that we are trading tankers in order to reduce penetration, i.e.,
to save bombers. The price we pay depends on the particular combination of
bases and bombers we employ. It is clear that, if we have an ‘operating base
system located in the ZI, routes minimizing penetration to South Russian targets,
such as Baku, involve very éxtended total mission radii. If, furthermore, our
means of radius extension are limited principally to tankers, the cost of the
extra radius to come up from the south is likely to be very large, since air-
refueling requirements increase at an accelerating rate as mission radius
is increased.

Alternative Routes

We distinguish three broadly different kinds of routes involving penetration
and withdrawal along the same track. The first is the relatively direct type of
route already described. These routes minimize penetration subject to the con-
straint that tanker costs are at 2 minimum. They therefore follow comparatively
short paths from the last ground stop to the target. Since the minimum number
of tankers required to visit the target system depends on the location of our
bases, these minimum-tanker routes will differ for different base and bomber
systems, both in the approach and penetration segments. Figure 43 shows the
minimum-tanker routes for the ground-refueled intercontinental B-47 system to
Mﬁﬁ?{s’ﬁ% dar net. Figure 33 (page 101) presented the
penetration segments of the ground-refueled minimum-tanker routes. The mini-

mum-tanker paths for an intercontinental air-refueled B-47 system are shown in
Fig. 44 (page 139); their penetration segments were shown in Fig. 34

- (page 102).

The second route type minimizes penetration through enemy defenses. The
penetration segments of these routes are substantially the same for the various
base systems. The approach segments vary with the base and bomber system.

‘Figure 45 (page 140) presents the penetration segment of the minimum-pene-

tration routes.

The approach segments to the point of entry into the SU radar net for an
intercontinental air-refueled and for an intercontinental ground-refueled B-47
system are presented in Figs. 46 (page 141) and 47 (page 142), respectively.

A third type of route might be chosen to take the greatest advantage of dark-
ness in a summer campaign. About two-thirds of the Russian target system is
situated above the Fiftieth Parallel of latitude, and the rest is situated below it.
In summer, day fighters could be employed effectively at an altitude of about
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Fig. 43—Minimum-tanker approach routes: B-47 ground-
refueled system (1750-n-mi radius)
s ———

40,000 ft or more above points north of the Fiftieth Parallel. The Russians are
expected to have more day fighters than night fighters for some time to come.
We have assumed in effect a 3.5 to 1 ratio (following previous RAND studies®).
Moreover, a Russian night fighter's individual probability of intercepting and
killing one of our bombers at night is expected to be very much smaller than
that of a Russian day fighter under conditions of good visibility. (The analysis
of air battles that was conducted at RAND indicates a more than two-fold differ-
ence for the B-47.) As a result, the probability of bomber losses in 100 mi of
penetration through area defenses below the Fiftieth Parallel can be expected

*W. E. Gasich, An Estimation of Soviet Interceptor Defenses through 1960, The RAND Corpora-
tion, Research Memorandum RM-826, May 22, 1951 (Secet).
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Fig. 44—Minimum-tanker approach routes: B-47 air-refueled

system {17 50-n-mi radius)
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w4 tﬁ»w{ mem !
target-bound leg. Third, with the range limitations of the Soviet bomber force,
one-way missions are in general needed, so that in any case the bombers do not
have to be shot down to prevent their being re-used for a later strike. In the
case of our campaigns against Russia, however, the significance of outbound
attrition is not reduced for any of these reasons. And for some combinations of
routes and enemy defense deployments its significance is quite large. One of
several tactics which may reduce outbound attrition for deep penetrations
involves going in on one side of Russia on the way to the targets and coming
out on the other side. This may involve stirring up new fighters, but maintains
the benefits of saturation by keeping the cells together on the outbound trip.
Figure 49 (page 144) presents the penetration segment of one set of routes to
targets which enters the defenses on one side and exits on the other. For systems
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Line of first interception

EW boundory

Fig. 48—Fighter areas swept out: minimum summer attrition
routes for intercontinental ground-refueled strikes

which do not include bases around the periphery of Russia, the radius-extension
costs of such routes are very large.

Boi-nber Losses for Alternative Routes: Defense Distribution |

If we take the enemy defense distribution and commitment policy which we
have labeled Defense I and described in the section entitled “"Base to Target:
The Cost of Increasing Combat Radius,” page 61, large differences may be
noted in the attrition suffered by use of alternative routes. Table 19 and Fig. 50
(page 145) present the area attrition for each of the routes described in a single
strike against the 100-target points.

The absolute magnitude of bomber kills in each case depends on the level
of fighter effectiveness assumed. The probability of interception and kill
parameters used here assume no countermeasures. They are the high figures
presented earlier in the section just referred to. The relative differences for the
various routes are not affected by degradation of the probability of interception
and kill parameters. ‘

Several points may be observed from Table 19. First, attrition in the air-
refueled case is very much higher when minimum-tanker routes are followed
than it is when the minimum-penetration paths are followed: i.e., 46 per cent
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Table 19
SINGLE-STRIKE LOSSES TO AREA DEFENSES
(Simultaneous Entry into SU-defended Areas)

Air-refueled Ground-refueled | Air- and Ground-refueled
_ System System ) Systems
. | Minimum-tanker | Minimum-tanker Minimum-penetration

Quadrants Routes Routes Routes
Nw 97 62 61
sw 4 6 4
NE 19 25 17
SE 0 3 ' o
TorAL 120 96 82

aSee p. 167f for a description of the quadrants.

higher. Second, for the ground-refueled system, the relatively direct routes
minimizing tankers are also comparatively low-attrition routes, attrition being
about 17 per cent higher than for the minimum-penetration routes. This is

120 ¢~
EZT northwest
100 = ’ ! e Northeest
L mE L et
- " . [ - -
ﬂ_«' : -‘5 o s Southeast
s K
4
80 - p
3
s
s
2
s 60~
r- ]
€
-3
@
‘o d
20 .
o L — L
Minimum tanker, Minimum tanker, Minimum penetration
" air-refueled grovnd -~ refueled gir- ond ground-

refueled tonkers

Fig. 50—Single-strike losses to area defenses
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because routes minimizing tankers enter enemy territory largely from the south
—some three-quarters of the individual paths, as compared with just one-third
in the minimum-penetration cases. These southern routes benefit from darkness
in a summer campaign. For the ground-refueled system, the minimum-tanker
path is not very much inferior, as far as attrition is concerned, to the paths
described above, which are designed to minimize attrition by taking maximum
advantage of darkness. For some of the defense distributions and policies con-
sidered later, it in fact involves smaller losses than the minimum-penetration
paths. For the air-refueled case, on the other hand, some 98 per cent of the
minimum-tanker paths enter from the north. For this reason, among others, the
air-refueled minimum-tanker paths are comparatively high-attrition paths.

Radius-extension Requirements for Alternative Routes

Measurements of distances along each element of the base-to-target paths,
and tanker requirements and costs, were given for the minimum-tanker air-
refueled and ground-refueled B-47 cases in Tables 4 and 5, pages 82-84, 86-88.
Analogous measurements for minimum-penetration routes are given in Tables
20 (pages 148-150) and 21 (pages 152-154).° For the ground-refueled case or
an overseas operating base system with similar locations, the tanker-bomber re-
quirements to follow minimum-penetration routes with the B-47 amount to 0.15
B-36’s and 0.2 KC-97's per B47 in the operating force. This means a tanker cost
of $3.1 million per operating bomber on a 3-year basis. For the air-refueled sys-
tem, the tanker requirements for the minimum-penetration paths exceed by a
very large amount its tanker requirements when following minimum-tanker
paths. In the minimum-penetration case, 2.2 KB-36's and 0.55 KC-97's are
needed, with a total radius-extension cost of $32.2 million per oPerating bomber
on a 3-year basis. This is $7.6 million more per bomber than the unit radius-
extension cost of the minimum-tanker path. In fact, some 6 per cent of the target
system cannot be reached at all with the B47 in an intercontinental air-refueled
operation following minimum-penetration paths." For the system having

¢ Here, as in the base target measurements presented earlier, air-refueling points are limited to
identifiable regions no ¢loser than 500 mi to enemy boundaries. The overseas bases are limited to
areas included in the present Air Force program, but the precise locations of the programmed bases
have been avoided to make the measurements generally usable without Top Secret clearance; further,
no bases within 1000 a mi of enemy territory have been used for the purpose of determining tanker
requirements. .

*These have been treated as being reachable with the tanker-bomber requirements of the- next
most difficult targets to reach.
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peripheral overseas bases (staging or operating), the differences both in attri-
tion and in tanker cost are moderate. For the exclusively air-refueled system, the
choice between minimum-penetration and minimum-tanker routes involves
accepting a large increment either in radius-extension costs or in bomber losses.

The radius-extension costs involved in the other types of routes described

above (routes taking maximum advantage of darkness and those going in on
one side of the country and out on the other) have not been studied in the
same detail as those for the minimum-penetration and minimum-tanker paths.
It is clear, however, that an exclusively air-refueled intercontinental system
will have a particular disadvantage in attempting to use such routes, for they
involve a high proportion of entry and exit points from the south.

The intercontinental air-refueled system has a high average radius-extension
cost on both the minimum-tanker and minimum-penetration paths; and there is
a sizeable difference between the averages for each type of path. Also, thereis a
large dispersion about these averages in the radius-extension costs to reach indi-
vidual targets. This is illustrated in Fig. 51 (below) and in Fig. 52 (page 151),
which show, for the air-refueled system, the distribution of targets versus tanker
costs per bomber for minimum-tanker and minimum-penetration paths.
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Table 20a
MINIMUM-PENETRATION PATHS FOR AIR-REFUELED B-47 AIRCRAFT

Distance Distance l Distance Distance
S to to Distance to to Distance B-36-type
i - Refuel Entry to Exit Refuel to Mission | KC-97's | Tankers
$ g z Point Refuel Point Entry | Target Point Exit Point Refuel Base | Radius | per | per
B Base (o mi) Poiat (n mi) Point (n mi) Target (o mi) Point (n mi) Point (ami) ]| (ami) | Bomber | Bomber
139 | 1 | Limestone 2800 80°N/38°B 1460 62°N/90°B 323 |Krssnoyank 323 62°N/90°E 2300 H4°N/212*'W 2000 4603 ves 23
161 | 2 | Limestone 2800 80°N/38°E 1460 62°N/90°B 410 |Kemerovo 410 62°N/90°B 2300 14°N/22°W 2000 | 4690 see 23
161 | 1 | Limestone 2800 80°N/38°B 1460 62°N/90°B 480 |Stalinsk 480 62°N/90°B 1700 78°N/13°B 3600 4760 e 3.0
163 | 2 [ Limestone 2800 80°N/38°B 1380 60°N/717°B 323 |Omsk 323 60°N/77°B 2160 T4°N/22*°W 2000 4493 e 23
136 | 1 | Limestone 1970 73°N/722*'W 1840 63°N/63°B 323 jAlspsy 323 63°N/63°B 1860 M4°N/22°W 2000 4160 ‘oo 1.3
136 | 2 | Limestone 1970 | 73°N/22°W 1840 63°N/63°B 360 |Nizhiniy 360 63°N/63°B 1273 78°N/13°B 2600 4200 “ee 20
Tagil _
136 | 2 | Limestone 1970 73*N/22*°W 1840 63°N/63°B 400 |Sverdlovsk 400 63°N/65°E 1273 78°N/13°B 2600 4240 ‘e 20
136 | 1 | Limestone 1970 73°N/22*W 1840 63°N/63°B 413  }Polevskoy 413 63°N/63°E 1273 78°N/13°B 2600 4233 Teee 30
136 | 1 | Limestone 1970 73°N/22°W 1840 63*N/63°B 423  |Severskiy 423 63°N/63°B 1273 78°N/13°B 2600 4263 e 20
136 | 1 | Limestone 1970 7)'N/22'W‘ 1840 63°N/63°B 460 [Sasrans 460 63°N/63°B 1273 78°N/15°E 2600 4300 oo 20
164 | 2 | Limestone 1970 73°N/22°W 1840 63°N/63°B 490 |Chelysbinsk 490 63°N/63°E 1273 78°N/15°B 2600 4330 e 20
164 | 2 | Limestone 1970 73°N/22°W 1840 63°N/63°B 310 |Zlstoust Jjto0 63°N/63°E 1273 78°N/13°B 2600 4330 “ee 20
164 | 1 | Limestone ~ 1970 T3°N/22°W 1840 63)°N/65°B 310 |Miass 310 63°N/63°E 1273 78°N/13°B 2600 4330 eee 20
164 | 1 | Limestone 1970 73°N/22°W 1840 63°N/65°E 380 |Beloretsk 380 63°N/63°E 1273 78°N/15°B 2600 4420 e 20
163 | 3 | Limestone 1970 73°N/22°W 1840 63°N/63°B 380 |Ufa 380 63°N/63°E 1273 78°N/13°B 2@0 4420 e 10
164 | 2 | Limestone 1970 73°N/22°W 1840 63°N/65°B 620 |Magnitogorsk] 620 63°N/63°E 1273 78°N/15°B 2600 4460 e 20
236 { 3 | Limestone 2800 80°N/38°B 1100 63°N/63°B 740 |Ocsk 740 63°N/65°E 1860 74°N/22°W 2000 4620 .ee 2.3
136 | 1 ] Limestone 1970 T3°N/22*°W 1680 64°N/33°B 300 |Berexniki 300 64°N/33°B 1630 T4°N/21°W 2000 3930 veo R
156 | 1 | Limestone 1970 73°N/22°W 1680 64°N/33°E 360 }Gubakha 360 64°N/33°E 1630 74°N/22°W 2000 4010 ‘e 1.3
153 | 1 | Limestone 1970 73°N/22°'W 1680 64°N/33°B 380 {Kirov 380 64°N/33°E 1630 T4°N/22°W 2000 4030 vee 1.3
136 | 2 | Limestone 1970 73°N/22°W 1680 64°N/33°B. 400 |Molotoy 400 64°N/33°E 1630 T4°N/22°W 2000 4030 eee 1.3
133 | 1 | Limestone 1970 73°N/21*W 1680 64°N/33°B 430 |Votkinsk 430 64°N/33°E 1630 74°N/22*W 2000 4100 ves 1.3
163 | 1 | Limestone 1970 73°N/22°W 1680 64°N/33'B 360 |[Kazan 360 64°N/3)°E 1080 78°N/13°B 2600 4223 ver 20
134 | 3 | Limestone 1970 73°N/22°W 1680 64°N/33°E 380 |Gorkiy 380 64°N/3YE 1080 78°N/13°B 2600 4243 sue 20
163 | 1 | Limestone 1970 73°N/2*'W 1680 64°N/33°B 390 |Ulysnovak 390 64°N/33°E 1060 78°N/13°B 2600 4233 vee 20
134 | 2 | Limestone 1970 73°N/212°W 1680 64°N/33°B 600 |Dzerahinsk 600 64°N/33°B 1080 78°N/13°B 2600 4263 s .0
163 | 2 | Lim =stone 1970 73°N/22*W 1680 64°N/33°B 690 |[Kuybyshev 690 64°N/33°B 1080 78°N/13°E 2600 4333 .se 20
163 | 1 | Limestone 1970 73°N/722°W 1680 64°N/33°B 700 |Syina 700 S4°N/33°B 1080 78°N/13°B 2600 4363 ves 30
233 | 1 | Limestone 1970 T3°N/12°W 1680 64°N/33°B 820 {Saratov 820 64°N/33°B 1080 78°N/13°B 2600 448) ‘oo 30
153 | 5 |Limestone | 1470 | 66°N/37°W | 1620 | 66°N/26°B | 370 |Leningrsd | 370 | 66°N/26°B | 1990 | 66°N/46'W | w00 | 3460 | 23 | ...
193 | 1 |Limestone | 1470 | 66°N/37°W | 1620 | 66°N/26°B | 380 [Kolpiso 380 | 66°N/26'B | 1990 | 66°N/46°W | 1100 | 3410 | 23 | ...
154 ) 1 | Limestone | 1470 | 66°N/37°W | 1620 | 66°N/26°B | 370 |Shcherbokov | 370 | 66°N/26°B | 1470 | 68°N/s2°W | 1620 | 3660 | 30 | ...
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Table 20b
SUMMARY OF MINIMUM-PENETRATION PATHS FOR AIR-REFUELED B-47 AIRCRAFT®

Refuel Point Entry Point Target Penetration ‘Radius Mission

Avg |Avg | Avg | Avg Distance (n mi) Time (ht) Distance (n mi) Time (hr)
Target Distance | Time |Distance | Time
Group (nmi) | (hr) | (ami) | (br) | Max | Avg | Min | Max | Avg | Min | Max | Avg | Min | Max | Avg | Min .

62°N/90°E | 1800 | 6.50 | 4260 | 9.88] 480 | 406 323 1.11 | 094 | 0.73 | 4740 | 4666 | 4383 | 11.00 | 10.83 | 10.64
60°N/77°B | 2800 | 6.50 | 4180 | 9.70} 325 | 325 323 075 {075 | 0.7% | 4505 | 4505 | 4303 | 10.43 | 1043 | 10.43
63°N/65°E | 2083 | 483 | 3822 | 8.87| 740 | 320 323 172 | 1.21 | 0.73 | 43562 | 4342 | 4147 | 1058 | 10.07 | 9.62
64°N/33°B | 1970 | 4.57 | 3630 | 8.47] 820 | 346 300 1.90 | 1.27 | 0.70 | 4470 | 4196 | 3950 | 1037 | 9.73 | 9.16
66°N/26°B | 1470 |[3.41 | 3090 | 7.17| 775 | 3599 370 180 | 139 | 086 | 3865 | 3689 | 3460 | 897 | 836 | 6.03
39°N/14°B | 1470 1341 | 2930 | 6.84| 560 | 360 360 1.30 | t.30 11.50 3510 | 3510 | 3510 | B8.14| 8.4 | 8.4
39°N/33°E | 2800 |6.50 | 4300 | 998 600 { 326 375 1.39 | 1.22 | 0.87 | 4900 | 4826 | 4675 | 11.37 | 11.20 | 10.83
38°N/40°E | 2971 | 6.89 | 4757 }11.04) 440 | 373 230 1.02 | 0.87 | 053 | 3197 | 3132 | 4987 | 12.06 11.91 | 11.57
44°N/139°B| 1970 | 4.57 | 38350 | 8.93| 420 | 420 420 | 097 | 097 | 097 | 4270 | 4270 | 4270 | 991 ]| 991 | 991

8 These averages would, in some cases, be increased if we included the five targets, Petrovsk, Guryev, Stalingrad, Krasnovodsk, and Begovat,
which canaot be reached at all, and if we measured from the actusl multiplicity of ZI-base Jocations instead of from the two points of Limestone

and Spokane. -
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Fig. 52—Frequency distribution of targets by tanker cost:
air-refueled minimum penetration :

_ Flexibility in the Small and in the Large

It is a familiar fact that air-refueling provides a considerable amount of
flexibility in the choice of routes and places to refuel. This is clearly the case in
the sense that the specific refueling location does not involve a large fixed
installation. And, within any given region, the number of spots at which it is
possible to rendezvous with a tanker far exceeds in general the number of
ground bases. This flexibility of choice within any given region might be
designated “a flexibility in the small.” However, this useful flexibility in the
small, the foregoing measurements suggest, accompanies a distinct inflexibility
in the large. This is to say that, for an air-refueled intercontinental operation
based in the North American continent, the broad choice between refueling
points in the north or in the south, for example, is far from being a matter of
indifference as far as refueling requirements are concerned. There are large
differences in radius-extension costs. A fixed force of tankers will support
smaller strikes when the strike pattern involves coming up from the south.
Such a system is very unequally effective along varied routes. It is also very
unequally effective against various individual target points inside Russia.

CHOICE OF ALTITUDE AND SPEED OF PENETRATION

Flexibility in the choice of routes is related to a corresponding freedom in
selecting the speed and profile of penetration. A bomber with fixed perform-

151
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Table 21a
MINIMUM-PENETRATION PATHS FOR GROUND-REFUELED B-47 AIRCRAFT

Distance Distance Distance Distance
% to to Distance to to Distance B-36-type
2 I Refuel Entry to Exit Refuel to | Mission | KC97's| Tenkers
2 bl z1 Point Refuel Point Entry Target Point Exit Point ‘Refuel Base | Radius pes per
B la Base (ami) Point {n mi) Point {n mi) Target (ami) Point (0 mi) Point {(nmi) | (ami) | Bomber | Bomber
139 | 1 | Limestone 1800 TI1°N/61°W 2330 62°N/90°E 323 |Krasnoyarsk 323 62°N/90°R 2330 T7°N/6T°W 1800 4673 0.54 0.3
161 | 2 | Limestone 1800 T1I°N/61°W 2530 62°N/90°E 410 [Kemcrovo 410 62°N/90°B 2330 T1°N/61°W 1800 4760 034 03
161 1 { Limestone 1800 77°N/671°W 2330 62°N/90°B 480 |Stalinsk 480 62°N/90°B 2330 TI°N/61°W 1800 4830 0.54 03
163 | 2 { Limestone 1800 T1°N/61°W 2600 60°N/711°B 323 |Omsk 323 60°N/77°B 2600 77°N/671*W 1800 4723 034 03
136 | 1 | Limestone | 2000 | 64°N/19°W 2100 | 63°N/63°B 323 |jAlapayevsk 323 63°N/63°B 2100 | 64°N/19°W 2000 4423 vee 0.3
136 | 2| Limestone| 2000 | 64°N/19°W 2100 | 63°N/65°B 360 |Nizhiniy 360 63°N/63°B 2100 | 64°N/19°W 2000 4460 . 0.3
Tagil '
1356 | 2] Limestone| 2000 | 64°N/19°W | 2100 | 63°N/63°B | 400 |[Sverdlovsk 400 63°N/63°B 2100 | 64°N/19°W | 2000 4300 vie 0.3
1356 | 1 | Limestone 2000 64°N/19°W 2100 63°N/65°B 413  |Polevskoy 413 63°N/63°E 2100 64°N/19°W 2000 4313 .o 03
136 | 1 | Limestone 2000 64°N/19°W 2100 63°N/65°E 423  |Severskiy 423 63°N/63°R 2100 S4°N/N19*'W 2000 4323 ves 03
156 | 1 | Limestone 2000 64°N/19°W 2100 63°N/65°B 460 }Sarana 460 63°N/63°B 2100 64°N/19°W 2000 4360 . 0.3
164 | 2 | Limestone 2000 64°N/19°W 2100 63°N/635°B 490 |Chelyabinsk 490 63°N/63°B 2100 64°N/19°W 2000 4390 . 0.3
164 | 2 | Limestone 2000 64°N/19°W | 2100 63°N/63°B 310 |Zistoust 310 63°N/65°E 2t00 64°N/19°W 2000 4610 . 0.3
164 | 1 | Limestone 2000 64°N/19°W 2100 63°N/63°R 310 {Miass 510 63°N/63°B 2100 64°N/19*'W 2000 4610 .e 0.3
164 | 1 | Limestone 2000 64°N/19°W 2100 63°N/65°B 380 |Beloretsk 380 63°N/63°E 2100 S4°N/19°W 2000 4680 .o 0.3
163 | 3 | Limestone 2000 64°N/19°W 2100 63°N/65°R 380 {Ufa 380 63°N/63°E 2100 | 64°N/19°W 2000 4680 ves 03
164 | 2 | Limestone | 2000 | 64°N/19°W 2100 | 63°N/63°B | 620 |Magnitogorsk] 620 63°N/63°B 2100 | 64°N/19*W 2000 4720 0341 03
236 | 3 | Limestone 2000 64°N/19°W 2100 63°N/65°B 740 |Ossk - 740 63°N/63°E 2100 64°N/19*'W 2000 4840 0.34 0.3
1356 | 1 | Limestone 2000 64°N/19°W 1900 64°N/33°B 300 |Bereniki 300 64°N/33°B 1900 64°N/19°'W 2000 4200 0.3 ves
156 | 1 | Limestone 2000 S4°N/19°W 1900 64°N/33°B 360 |Gubakha 360 64°N/33'B 1900 64°N/19°W 2000 4260 0.3 .o
133 | 1 | Limestone 2000 64°N/19°W 1900 64°N/33°B 380 (Kirqv 380 64°N/33°B 1900 64°N/19°W 2000 4280 0.3 ‘e
156 | 2 | Limestone | © 2000 64°N/19°W 1900 64°N/33°R 400 |Molotoy 400 64°N/33°B 1900 64°N/19°W 2000 4300 0.3 .ee
133 | 1 | Limestone| 2000 | 64°N/19°W 1900 | 64°N/33°E 430 |Voikinsk 430 64°N/53°B 1900 | 64°N/19°W 2000 4330 vee 03
163 | 1 | Limestone 2000 | 64°N/19°W 1900 64°N/33°B 360 |[Kazan 360 G64°N/33°B 1900 64°N/19°W 2000 4460 vae 0.3
154 | 3 | Limestone 2000 64°N/19°W 1900 64°N/33°B 380 |Gorkiy 380 64°N/3Y°B 1900 64°N/19°W 2000 4480 ese 0.3
163 | 1 | Limestone 20C0 64°N/19°W 1900 64°N/33°B 390 |Ulyanovsk 390 64°N/33°RB 1900 64°N/19*'W 2000 4490 vee 0.3
134 | 2 | Limestone 2000 64°N/1*'W 1900 64°N/33°R 600 |Daerzhinsk 600 64°N/3y'B 1900 64°N/19°W 2000 4300 e 0.3
163 | 2 | Limestone 2000 64°N/19°W 1900 64°N/353°B 690 |Kuybyshev 690 64°N/33°R 1900 64°N/19°W 2000 4390 034 0.3
163 | 1 | Limestone | 2000 | 64°N/19°W 1900 | 64°N/33°B | 700 [Syarsn 700 64°N/3A'B | 1900 | 64°N/19°W | 2000 4600 094] 09
233 | t | Limestone | 2000 | 64°N/19°W | 1900 | 64°N/33°B | 820 [Sarstov 820 64°N/33°B 1900 | 64°N/19°W | 2000 4720 0341 09
133 | 3 | Limestone 2630 33°N/1*'w 1130 66°N/26°R 370 |]Leningtad 310 66°N/26°R 11%0 33°N/2*wW 2650 4170 e ves
133 | t | Limestone 2630 I3°N/I°'W 1130 66°N/26°R 380 |Kolpino - 380 66°N/26°B 1150 33°N/2*'w 2630 4180 oo ves
154 | 1 | Limestone | 2630 | 33°N/2°W 1130 | 66°N/26°B | 370 |[Shcherbakov | 370 | 66°N/26°B 1130 | 33°N/2*'W 2630 4370 o oo
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33°N/13°B

33°N/13°B
33°N/13°B
30°N/32°B
30°N/32°E
30°N/32°B
30°N/32°E
30°N/32°E
30°N/32°B
30°N/32°B
30°N/32°B
30°N/32°B
30°N/32°B
30°N/32°B

26°N/30°B
36°N/140°B
36°N/140°B

1150

1130
1130
1130
1100
1100

640
1070

‘1070

1070
1070
1070
1070

1070

1070
1070
1070
1070

1070
1070
630
630
630

740
740
740
740
740
740
740
740

1000

o

rmmimpy

66°N/26°B | 380 |Konstant- 380 66°N/26°B
inovskiy
66°N/26°B | 603 |Yaroslavl 603 66°N/26°B
66°N/26°B 673 (Moscow 673 66°N/26°RE
66°N/26°B | 680 |Noginsk 680 66°N/26°B
66°N/26°B 713 |Kolomna 7 66°N/26°H
66*N/26°R 713  |Stlinogorsk 773 66°N/26°R
39°N/14°B 360 |Minsk 360 39°N/14°E
39°N/33°E 373 FKnsnodlt 373 39°N/3s5°B
39°N/33°E | 473 |Zhdanov 4713 39°N/35°B
39°N/33°B 483  |Zaporozhye 483 39°N/35°R
39°N/33°B | 300 |[Taganrog 500 39°N/33°R
39°N/33°B 523 |Krivoy Rog 323 39°N/33°B
39°N/33°B 323 |Daprod. 323 39°N/33°B
zershinsk
39°N/33°B | 323 [Dneprop- 323 39°N/33°E
etrovsk
39°N/33°E 330 |Stalino 330 39°N/33°B
39°N/33°E 330 |[Makeyevka 330 39°N/35°B
39°N/33°E $40 |Dzaudzhikau| 340 39°N/33°B
39°N/33°B 3350 |Konstan- - 330 39°N/33°B
tinovks
"39°N/335°B 360 |Gorlovka 360 39°N/33°E
39°N/33°E 370 {Kramatorsk 370 39°N/35°B
39°N/33°E 370 |[Krasnyy Sulin] 370 39°N/33*E
39°N/3S°B 380 |Kamensk 380~ | 39°N/33°E
39°N/33*E | 600  |Lisichansk 600 39°N/33°RB
38°N/40°E 230 {Batumi 230 38°N/40°R
38°N/40°E 280 |Rustavi 280 38°N/40°B
38°N/40°E | 370 |Groznyy 370 38°N/40°B
38°N/40°E | 423 {Makhachkala] 429 38°N/40°B
38°N/40°E | 440 [Baku 440 38°N/40°B
38°N/40°E 730  |Guryev 7350 38°N/40°B
38°N/40°B | 630 |Stalingrad 630 38°N/40°B
38°N/40°E | 600 |Krasnovodsk | 600 38°N/40°B
/5!%‘2 340 |Begovat —1 340 34°N/68°B
41°N/1s'B|  sdo/ Tpetrok—F 340 | 47°N/11seB
44°N/139°E 43 Komsomolsk | 420 44°N/139°B

g

1130

11350
1130
1150
1100
1100

640

1070
1070
1070
1070
1070
1070

1070

1070
1070
1070
1070

1070
1070
630
é30
630

740
740
40
140
740
740
740

740 .

1000
1490
3713

e, -

33°N/2°W

33°N/21°W
33°N/2°W
33°N/2°W
64°N/19°'W
6°N/19°W
33°N/2°W
33°N/13°E

33°N/13°B

33°N/13°B
33°N/13°E
33°N/13°B
33°N/13°B

33°N/13°B

33°N/13°B
33°N/13°B
33°N/13‘B
33°N/13°B

33°N/13°B
33°N/13°E
30°N/32°E
30°N/32°E
30°N/32°B
30°N/32°B
30°N/32°E
30°N/32°B
30°N/32°B
30°N/32°E
30°N/32°B
30°N/32°B
30°N/32°B

26°N/30°B
36°N/140°B
36°N/140°B

2630 | 4380
2630 | 4403
2630 4473
26350 | 4480
2000 3813
2000 | 3873
2650 | 3830
3660 | 3103
3660 | 3209
3660 | 321
3660 | 3230
3660 | 299
3660 | 3299
3660 | 3233
3660 | 3260
3660 | 3260
3660 3270
3660 | 3280
3660 | 3290
3660 | 3300
4320 3720
4520 | 310
420 | 310
420 | 3490
4520 | 3340
4320 | 3630
4320 | 368
4520 | 9700
4320 | 6010
4320 1910
4320 | %060
3420 | 6760
4240 _| 6070
g
a6 [\

e
Y
cee
e
oo

ase

e
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e

"o
(X R)
ooy
se e
s
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ooe
vee
ere
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*World Acronauticsl Chasts, Bombing Encyclopedia Maksal and Code Book, Di te of Intellj HQUSAF, Washington, D.C,, September, 1930.
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Table 21b
SUMMARY OF MINIMUM-PENETRATION PATHS FOR GROUND-REFUELED B-47 AIRCRAFT

Refuel Point Entry Point Target Penetration Radius Mission

Avg | Avg | Avg | Avg | Distance (n mi) Time (hr) Distance (n mi) Time (hr)
Target Distance| Time |Distance]| Time
Group (ami) | (hr) | (nmi) | (hr) | Max | Avg | Min | Max | Avg | Min | Max Avg | Min | Max | Avg | Min

62°N/90°E | 1800 418]| 4350 | 10.09] 480 | 406 323 1.13 | 094 | 0.75 | 4830 | 4756 | 4673 | 11.21 | 11.03 | 10.83
60°N/77°B | 1800 418 4400 | 10.21] 325 | 323 323 075 | 075 | 0.75 | 4725 | 4725 | 4725 | 10.96 | 10.96 | 10.96
63°N/65°B | 2000 | 4.64| 4100 | 9.51| 740 | 320 323 1.72 | 1.21 | 0.75 | 4840 | 4620 | 4425 | 11.23 | 10.72 | 10.27
64°N/33°B | 2000 464| 3900 | 9.05| 820 | 546 300 190 | 1.27 | 0.70 | 4720 | 4446 | 4200 | 1095 |- 1031 | 9.74
66°N/26°B | 2333 588| 3676 | 8353 773 | 399 370 1.80 | 139 | 086 | 4451 | 4275 | 4046 | 10.33 | 992 | 9.39
59°N/ 14°B | 2650 | 6.13] 3290 | 7.63] 360 | 360 360 130 | 130 | 130 | 3830 | 38350 | 3850 | 893 | 893 | 893
39°N/33°B | 3777 | 8.76| 4787 | 11.11] 600 | 526 375 132 | 1.22 | 0.87 | 5387 | 5313 | 5162 | 1230 | 1233 | 11.98
38°N/40°B | 4320 [10.49| 3260 | 12.20]| 730 | 480 230 1.74 | 111 | 053 | 6010 | 3740 | 5490 | 13.94 | 13.32 | 12.74
34°N/68°B | 5420 [12.37| 6420 | 14.89| 340 | 340 340 | 0.79 | 0.79 ] 0.79 | 6760 | 6760 | 6760 | 13.68 | 15.68 | 13.68
47°N/113°B| 4240 | 9.84] 3730 |13.29] 340 | 340 340 { 079 | 0.79 | 0.79 | 6070 | 6070 | 6070 | 14.08 | 14.08 | 14.08
44°N/139°B| 4240 | 9.84| 4813 | 11.17| 420 | 420 420 | 097 | 097 | 097 | 3233 | 5233 | 5233 | 1213 | 12.13 | 12.13
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ance characteristics can trade some of its unrefueled radius for extra speed and

extra altitude, and this choice presents itself in the selection of the last locations

for refueling before entering enemy defenses and of the first refueling loca-
ns on the way home. By using refueling points near enemy boundaries, th
bombers can fly greater distances at high speeds or at very high or very low
altitudes. And a refueling location near minimum-penetration paths permits a
large fraction of the total penetration to be traveled at high performance. Since
the rate of exchange between the high-performance and the low-performance
radius may be three or four to one, this is a critical matter for the bombing
systems of the future, designed for supersonic or low-altitude use. But it is also
significant for the possible low-altitude use of bombers of the current genera-
tion. And in the case of the heavy bombers of the current generation, it appears
to be fruitful for the exploitation of their advantages at very high altitudes.
The speed margin of the MiG's versus the B-47 or the B-52 makes a trade of

-radius for speed less than critical, but trading radius for altitude docs appear

quite important.

In fact, SAC assigns a good deal of value to the use of poststrike staging to
optimize on the profile and penetration paths of such bombers as the B-52. The
B-52 has a considerable amount of radius and fuel weight to trade. Picking up
fuel near enemy territory on the way home permits it to fly at lighter weight
over enemy territory. This :Wmmnﬂmg
high-altitude flight, and it reduces the physical vulnerability because of smaller
mpossibly diminished probability of fuel fires at high altitudes.
The exact form of this diminution in the probability of interception and kill
depends on the performance characteristics of the MiG's and the mixture of the
various models in the total Russian interceptor force. The RD-45-powered

MiG-15 cannot fight effectively above about 44,000 ft. We have assumed that
a very limited number of these are included in the force which is composed

half of MiG-15's of the VK-1 type and the rest of Type 38 day fighters. Above

an altitude of about 49,000 ft, it is estimated, only Type 38 day fighters will be
able to reach the B-52. For all fighters, the lateral distance from the bomber
track from which they can reach the bomber diminishes with altitude, as do the
probabilities of detection. The point of earliest interception is farther back.
Gross errors of the fighters are more likely, and so on. We have not attempted
to trace these effects target by target for each bomber-base combination, follow-
ing the various alternative routes. However, we can illustrate their importance
in a comparison of air-refueled and ground-refueled B-52 systems.
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Take as an example a single mission starting at Limestone, which includes a
700-n-mi penetration to Moscow. The mission is accomplished in one case by
means of prestrike air-refueling, and in the other, by using a poststrike staging
base in the United Kingdom. At about 660 n mi out from Limestone, the pre-
strike air-refueled B-52 takes on enough fuel to get it to target and back to
Limestone. The entry, target, and exit altitudes and the gross weights are
respectively 41,000 ft, 42,500 ft, and 44,000 ft; and 307,000 b, 283,000 Ib, and
256,000 Ib. The corresponding altitudes for the poststrike ground-refueled B-52
are about 6000 ft higher, and the weights, about 57,000 1b lower. These profiles
are presented in Fig. 53; and the relative attrition per mile of penetration versus
altitude is estimated in Fig. 54.* If all fighters in the Russian interceptor force
are Type 38 day fighters, attrition for the prestrike air-refueled B-52 will double
that of the poststrike ground-refueled B-52. If only half have this performance,
and the other half are the VK-1 type, the relative differences are increased: the
losses for the prestrike air-refueled case will be three times as great as for the
poststrike ground-refueled system.

Target distances and tanker requirements for the B-52 air-refueled and
ground-refueled system following minimum-penetration paths are shown in
Tables 22 (pages 160~162) and 23 (pages 164-166).

The results of a B-52 campaign, in which flight profile differences are
included in estimation of attrition from the 50 per cent MiG-15, 50 per cent
Type 28 Soviet fighter defense of Fig. 54, are presented in Table 24 (page 167).
Consideration of poststrike refueling near enemy territory increases the differ-
ence between the air- and ground-refueled case by 40 per cent.

Estimates of probability of interception and kill as a function of altitude
have large areas of uncertainty. However, it is evident that a flexibility in the
choice of routes and fueling points, which brings with it a wide choice of flight
profiles, will be a significant asset for the prospective employment of such
- carriers as the B-52.

In the various campaigns comparing overseas operating or staging base sys-
tems with an exclusively air-refueled system, we have treated all systems as if
they had equal flexibility in choice of flight profile. The actual inflexibility of
the air-refueled system worsens its performance by comparison with the
peripheral base system.

*These attrition estimates as a function of altitude were made by George Gompf, of the RAND
Aircraft Division.
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ENEMY CHOICE OF DEFENSE DEPLOYMENT
AND COMMITMENT

- The enemy can better the deployment and commitment tactics we have
assumed so far. As for deployment, one well-established principle suggests
concentrating in regions having a predominant number and value of targets;

and another guiding principle, less familiar, suggests redistribution of defense |

in recognition of inequalities in the offense’s radius capability. With such
reorientation and with a better commitment policy, Russian defenses can exact
a higher attrition from all the base-bomber systems we have examined. How-
ever, they can gain particular advantage against the exclusively air-refueled
system because of its comparative inflexibility.

Fighter Deployment

~ Limitations in Allocating Area Defense to Targets. In deploying fighters
for the protection of various segments of his industry, the enemy must work
within many constraints. He is limited in the number and performance charac-
teristics of his fighters, and in the number of airborne and ground radars avail-
able. For 1956 and thereabouts, not the least of these limitations, according to
RAND’s estimate, will lie in the number and quality of the airborme radars avail-
able. Limitations of this sort reduce his ability to defend all targets in the
winter, and to defend South Russian targets or South Russian routes to all
targets in the summer. Resource constraints can be expected to force some lop-
sidedness in defense of his target system.

Even operating within such resource constraints, there are limits to the pre-
cision with which it is possible to allocate area defense to targets. So long as
there are targets of widely differing value within radius of the same fighter
base, the less valuable targets come in under the umbrella spread for the more
valuable targets. They receive some defense as a by-product of the protection
given the more valuable targets. And if these latter are adequately defended,
the former are overdefended. v

In a similar way, the fighter defense of the shallow targets near the pei'iphery
automatically provides some defense for the targets deeper in. Since bomber
penetrations must start at the periphery, then if fighter coverage is spread uni-
formly over a large area, as in Defense Distribution I, even assuming that the
targets are all of equal value, the deep interior targets are very greatly over-
defended. This overdefense is emphasized by the increase, referred to earlier,
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Table 22a
MINIMUM-PENETRATION PATHS FOR AIR-REFUELED B-52 AIRCRAFT

Distance Distance Distance Distance
S to to Distanc to to Distance B-36-type
2 Refucl Entry to Exit Refuel to | Mission | KC97's| Tenkens
g Nl a Point Refuel Point Entry Target Poiat Exit Point Refuel Base | Radius | per pet
Bl & Base (n mi) Point (n mi) Point (n mi) Target {n mi) Point {a mi) Point (ami) | (ami) | Bombesr | Bomber
166 | 1 | Spokane 430 33°N/123°W | 3600 37°N/111°B{ 340 |[Petrovsk 340 S7°N/111°B 3500 S6°N/1271°'W 330 4430 2.3 e
139 | 1 | Limestone 430 S4°N/64°W 3800 62°N/90°E 323 |Krasnoyarsk 323 62°N/90°B 3070 | 66°N/33°W 1180 4373 3.0 ves
163 | 2 | Limestone 430 34°N/64°W 3800 62°N/90°B 410 |[Kemerovo 410 62°N/90°B 3070 66°N/3Y°W 1180 4660 30 ves
161 { 1 | Limestone 430 34°N/64°W 3800 | 62°N/90°E 480 |Stalinsk 480 62°N/90°B 3070 | 66°N/33°W 1180 4730 30 . see
163 | 2 | Limestone 430 4 N/64*W 3800 60°N/77°E 323 |[Omsk 323 60°N/77°B 3070 66°N/33°W 1180 4373 30 .ee
136 | 1 | Limestone 430 34°N/63°W 3420 63°N/63°B 323 [Alapayevsk 323 63°N/63°R 3320 33°N/62°'W 330 4193 2.3 ees
136 | 2 { Limestone 430 I4°N/6YW 3420 63°N/63°B 360 |Nizhiniy 360 63°N/63°B 3320 33°N/62°W 330 4230 .3 vee
Tagil

136 | 2 | Limestone 430 I4°N/63Y*'W 3420 63°N/63°B 400 [Sverdlovsk 400 63°N/63°B 3320 33°N/62°'W 330 4270 2.3 aee
136 | 1 | Limestone 430 34°N/63°W 3420 63°N/65°R 413  }Polevskoy 413 63°N/65°H 3320 33°N/62°'W 350 4283 2.3 vee
136 | 1 | Limestone 4350 | 34°N/6y°W 3420 | 63°N/63°B | 423 |Severskiy 423 63°N/63°B 3320 | 33°N/62°W 3% 4293 23 ore
156 | 1 | Limestone 430 34°N/63°W 3420 ] 63°N/65°R 460 |Sarana 460 63°N/63°E 3320 33°N/62°W 330 4330 2.3 vee
164 | 2 | Limestone 430 34°N/63°W 3420 63°N/63%°B 490 |Chelyabinsk 490 63°N/65°E 3320 33°N/62°W 330 4360 2.3 ves
164 | 2 | Limestone 430 34°N/63°W 3420 63°N/63°E 310 |Zlatoust 310 63°N/65°R 3320 33°N/621°W 330 4380 23 ves
164 | 1 | Limestone 450 34°N/63°W 3420 63°N/63°B 310  (Miass 310 63°N/63°R 3320 35°N/62°W 330 4380 2.3 wes
164 | 1 | Limestone 430 S4°N/63°W 3420 63°N/63°E 380 |Beloretsk 380 63°N/63°E 2690 60°N/44°W 1180 4430 3.0 eee
163 | 3 | Limestone 430 S4°N/6Y*'W 3420 | 63°N/63°B 380 |[Ufa 380 63°N/63°B 2690 60°N/44°W | 1180 4430 30 see
164 | 2 | Limestone 450 34°N/63*'W 3420 63°N/63°B 620 |Magnitogorsk| 620 63°N/63°E 2690 66°N/3Y°W 1180 4490 3.0 ves
236 | 3 { Limestone 430 54°N/63°W 3420 63°N/63°B 740  |Onsk 740 63°N/63°B 2690 66°N/33°W 1180 4610 30 ves
136 | 1 |Limestone | 610 | 35°N/38°W | 3020 | 64°N/33°E | 300 |Bererniki 300 | 64°N/33°B | 2430 | 60°Nz44*w | 1o | 3930 | 20 | ...
136 | 1 | Limestone | 610 | 33°N/38*W | 3020 | 64°N/53°B | 360 |Gubakha 360 | 64°N/33°B | 2430 | 60°N/44°W | wmo | 3990 | 20 | ...
133 | 1 |Limestone | 610 . | 33°N/38°W | 3020 | 64°N/33°E | 380 {Kirov 380 | 64°N/33'B | 2430 | 60°N/44°W | n1so | 4010 | 20 | ...
136 | 2 | Limestone 610 33°N/8°W 3020 64°N/33°B 400 [Molotov 400 64°N/3)°B 2430 60°N/44°*W 1180 4030 30 ‘e
133 | 1 | Limestone 610 33°N/38°W 3020 64°N/33°B 430 |Voikinsk 430 64°N/33°B 2430 60°N/44°W 1180 4080 20 oo
163 { 1 | Limestone 430 34°N/63°W 3180 64°N/33°B 360 {Kazan 360 64°N/33°B 3080 33°N/62°W 330 4190 23 s
134 1 3 | Limestone 430 I4°N/6Y°W 3180 64°N/33°B 380 }Gorkiy 380 | 64°N/33°B 3080 33°N/62°W 330 4210 2.3 cee
163 | 1 | Limestone 430 S4°N/6YW 3180 64°N/33°E _ 3% Ulsnovsk 390 64°N/33°B 3080 33°N/62°W 350 4220 23 e
134 | 2 ] Limestone 430 34°N/63° W 3180 64°N/33°E | * 600 |Dzerzhinsk 600 64°N/33'B 3080 33°N/62°W 330 42%0 § 23 ves
163 | 2 | Limestone 430 | 34°N/63°W | 3180 | 64°N/33°B | 690 |Kuybyshev 690 64°N/93°B 3080 | 33°N/62°W 330 4320 29. ves
163 | 1 | Limestone 430 34°N/63*'W 3180 64°N/33°B 700 {Syinsa 700 64°N/33°B 3080 33°N/62°'W 330 4330 2 YR
233 | 1 | Limestone 430 J4°N/6Y'W 3180 64°N/3y°B 820 |Saratov 820 64°N/3y°B 24%0 60°N/44°'W 1180 4430 50 oo
133 | 3 | Limestone 610 | 33°N/38°W | 2400 | 66°N/26°B | 370 |Leningsad 370 | 66°N/26"B vees | eveinneeans | 3010 | 8380 10 .o
133 | 1 | Limestone 610 33°N/I8°W 2400 66°N/26°B 380 }Kolpino 380 66°N/26°B ees tessieanane 3010 3390 10 ese
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38°N/40°E
38°N/40°E
38°N/40°B
38°N/40°E

eN/139E)

370
380

603
673
680
713
713

360

3
473
483
300
523
323

323

330
530
340
350

360
370
370
380
600

230
280
370
423
440
600
630
730

420

Shcherbakoy
Konstaat-
inovskiy

Yaroslavl
Moscow
Noginsk
Kolomna
Stalinogorsk

Minsk

Krasnodar
Zhdanov
Zaporothye
Taganrog
Krivoy Rog
Daprod-
zershinsk
Daeprop.
ctrovsk
Stalino
Makeyevka
Dzaudzhikau
Konstant-
inovka
Gorlovka
Kramstorsk
|Krasayy Sulin
Kamensk
Lisichansk
Batumi
Rustavi
Groznyy
Makhachkals
Baku
Krasnovodsk
Stalingrad
Guryev

Komsomolsk
Begovat

370
580

603

- 673

680
713
773

360

I
473
483
300
323
323

323
330

330
340

‘330

360
370
370
380
600

230
280
370
423
440
600
630
730

420

66°N/26°E
66°N/26°E

66°N/26°B
66°N/26°B
66°N/26°E
66°N/26°E
66°N/26°E
39°N/14°E

39°N/33°E
39°N/33°B
39°N/33°E
39°N/35°B
39°N/33°E

- 39°N/33°E

39°N/33°B

39°N/33°E
39°N/35°E
39°N/33°E
39°N/33°B

39°N/33°B
39°N/35°B
39°N/33°E
39°N/33°B
39°N/33°R
38°N/40°E
38°N/40°B
38°N/40°E
38°N/40°B
38°N/40°E
38°N/40°E

38°N/40°E

38°N/40°B
44°N/139°B

23530
2330

2530
33
2330
2330
2330

1930
1930
1930
1930
1930
1930

1930

1930
1930
1930
1930

1930
1930
1930
1930
1930

2330
2330
2330
2330
2330
2330
2330
3%

3290

33°N/60°W
33°N/60°W

33°N/60°W
33°N/6o°W
33°N/60°W
33°N/6o*W
33°N/60°W

44°N/9°W
44°N/9* W
44°N/9°W
44°N/9°W
44°N/9*W
44°N/9*W

44°N/9*W

44°N/9*W
44°N/9°W
44°N/9°W
44°N/9*W

HN/9*W
44°N/9*W
44°N/9*W
HN/YW
H4N/O°W
HUN/YW
4H4°N/>°W
MN/*W
A4N/9'W
N/
UN/S'W
4N/YW
AN/Y'W
N/129°W

330
330

330
330
350
330
330

2870

2420
2420
2420
2420
2420
2420

2420

2420
2420
2420
2420

2420
2420
2420
2420
2420

2420
2420
2420
2420
2420
2420
2420
2410

330

361y
3623

3630
3720
3723
3760
3820

30

4673
47173
4783
4800
4023
4823

4823

4830
4830
4840
4830

4860
4870
4870
4830
4900

4930
4980
3070
312
jt40

3330
3630

4260

L
e
vee

LX)
[XE

XY

tes
tee

cee

0
0
0

20
20
20

20

20
10
20
20
20
30
30
3.0

*World Acronautical Charts, Bombing Encyclopedia Mannal and Code Book, Directorste of Intelligence, HQUSAF, Washington, D.C., September, 1930.

$Target cannot be reached.
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Table 22b
SUMMARY OF MINIMUM-PENETRATION PATHS FOR AIR-REFUELED B-52 AIRCRAFT®

Refuel Point Entry Point Target Penctration Radius Mission

Avg | Avg| Avg | Avg Distance {n mi) Time (hr) Distance {n mi) Time (hr)
Target Distance| Time | Distance| Time
Group (nmi) | (hr)| (nmi) | (hr) [Max | Avg | Min | Max | Avg | Min | Max | Avg | Min | Max | Avg | Min

S7°N/111°B| 450 | 1.04| 4050 | 9.40| 340 | 340 340 | 0.79 | 0.79 | 0.79 | 4390 | 4390 | 4390 | 10.18 | 10.18 | 10.18
62°N/90°E 450 | 1.04] 4250 | 9.86] 480 | 406 323 1.11 10941 0.75 | 4730 | 4656 | 4375 | 1097 | 10.80 | 10.61
" 60°N/77°E 450 | 1.04| 4250 | 9.86 325 | 325 [ 325 075 | 075 | 0.75 | 4575 | 4575 | 4375 | 10.61 | 10.61 | 10.61
63°N/65°E 4350 | 1.04| 3870 | 898] 740 | 320 325 172 | 121 | 0.75 | 4610 | 4390 | 4195 | 10.70 | 10.18 | 9.73
64°N/53°E 506 | 1.17| 3630 | 8.42) 820 | 346 300 190 | 1.27 | 0.70 | 4450 | 4176,] 3930 | 1032 | 9.69 | 9.12
66°N/26°E 610 | 1.42| 3010 | 698] 775 | 399 370 | 180 | 1.39 | 086 | 3785 | 3609 | 3380 | 878 | 837 | 7.84
39°N/14°B 610 | 142 2870 | 6.66] 560 | 360 360 130 | 130 | 130 | 3430 | 3430 | 3430 | 796 | 796 | 796
39°N/33°E 700 | 1.62] 4250 | 9.86] 600 | 326 375 139 | 1.22 | 087 | 4850 | 4776 | 4623 | 11.25 | 11.08 | 10.73
38°N/40°B | 1100 | 2551 4795 |11.12] 750 | 480 230 1.74 | 111 0.33 | 5343 | 3275 | 5025 { 12.86 | 12.24 | 11.66
44°N/ 1‘39°E 450 | 1.04] 3840 | 891] 420 | 420 420 097 | 097 ] 097 | 4260 | 4260 | 4260 | 9.88 | 9.88 | 9.88

¢ These averages would, in some cases, be increased if we included the target Begovat, which cannot be reached at all, and if we measured from
the actual multiplicity of ZI-base locations instead of from the two points of Limestone and Spokane.




in the proportion of the fighters that are available for commitment, and by
the increase in the fraction that may be committed with safety as the bomber
track increases in distance from the early-warning barrier.

The problem, of course, is not merely to defend targets equally, but to have
a high level of defense for the important targets. An ordering of fighters around
the periphery would dilute area defense. The defending of all targets would
result in a defense that was more or less equal, but equally poor. For even if
the targets were of equal value, it would mean defending not only them, but
also vast empty spaces. More significantly, it would permit the offense to under-

take doglegged routes which would concentrate entry at a very few points in’

the periphery. By concentrating at these few points, the offense could saturate
the defenses and then branch out in long penetrations through the undefended
interior. ’

Some fairly subtle modifications to meet such problems of area defense dis-
tribution are possible. For example, instead of the snmple ring arrangement or

the simple uniform spread, the enemy might dimini ensity as a func-
tion ofdistance—from the early-warning perimeter in such a2 way as more

nearly to equalize the offense’s survival probabilities. Along short routes to
target starting at numerous points on the periphery, the offense would meet
a good many of the fighters based near the periphery and would encounter
fewer in the interior. On long tracks starting at a few entry points, the offense
‘would meet fewer of the fighters based near the perimeter, but more of the
fxgﬂers in the interiof. While we shMm
distribution of inequalities in the offense’s radius capability, for the most
part we shall deal with two quite gross reallocations of the Russian fighter
defenses, and with the joint assignment of local and area defense. The two
broad reallocations of fighters, while not optimal, are demonstrably better
than the uniform defense assumed so far—and by a considerable margin.

Matching Target Concentration in the West: Defense Distribution Il
Defense Distribution I assumed a fighter coverage spread uniformly, without
regard to differences in geographical concentration of industry. However, there
are quite gross differences in concentration between widely separated areas of
Russia. The most obvious difference is that between Western and Eastern
Russia. If we draw a line through the east side of Lake Aral to about the
intersection of the 65th longitude with the northern boundary of Russia, the
area on the west includes the Ural complex (Chelyabinsk, Magnitogorsk,
Nizhniy Tagil, etc.), Baku, and the Caucasus, as well as European Russia. This

163
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Table 23a

MINIMUM-PENETRATION PATHS FOR GROUND-REFUELED B-52 AIRCRAFT

Distasce Distance J Distance Distance
S to to Distanc to to Distance B-36-type
-2 Refuel Entsy to | Exit Refuel to Mission | KC9T's | Tavkers
8 s Al Point Refuel Point Enuty Target Poiat Exit Point Refuel Base | Radius pes pes
B | Base (a mi) Point {n mi) Poiat (n mi) Target (n mi) Point {(n mi) Point (nmi) | (nmi) | Bomber | Bomber
133 | 3| Limestone | 1170 | 61°N/4*W 1790 | 66°N/26°B | 370 |Leningrad 370 66*N/26°B 1790 1 6I°N/43°W | 1170 3330 ves NI
133 | 1 | Limestone 1140 63°N/31°W 1930 66°N/26°B 380 |Kolpino 380 66°N/26°B 1930 63°N/31°W 1140 3430 .o coe
134 | 1 | Limestone 1170 61°N/43°W 1790 66°N/26°E 370 |Shcherbskoy 370 66°N/26°B 1790 61°N/43*'W 1170 3330 vos see
134 | 1 ] Limestone | 1140 63°N/3*W 1930 66°N/26°B 380 [Konstant- 380 66°N/26°B 1930 63°N/31°W 1140 3650 cee oo
inovskiy
134 | 1 | Limestone 1140 63°N/31°W 1930 66°N/26°B | 603 |Ysroslavl 603 66°N/26°B 1930 83°N/31*W 1140 3673 e aes
167 | 6 | Limestone 1170 61°N/43°W 1790 66°N/26°B 673 |Moscow 673 66°N/26°B 1790 61°N/43°W 1170 3639 ‘e “es
167 | 1 | Limestone 1170 61°N/43°W 1790 66°N/26°R 680 [Noginsk 680 66°N/26°B 1790 61°N/4°W 1170 3640 oes .se
167 | 2 | Limestone 1170 61°N/43°W 1790 66°N/26°B | 713 |Kolomna ns 66°N/26°B 1790 61°N/4Y°W 170 3673 ves .o
167 | 1 { Limestone } 1170 61°N/43°W 1790 66°N/26°E 773  |Stalinogorsk | 773 66°N/26°B 1790 61°N/43°W 1170 3753 ves ves
168 | 1 | Limestone 1170 61°N/45*W 1730 59°N/14°B 360 |Miask 360 39°N/14°B 1750 61"N/43'w 1170 3480 ves ves
249 | 1] Limestone 2800 34°N/8*'W 1980 39°N/33°E 373 | Krasnodsr 373 39°N/33°B 1980 M'N/B*W 2800 3133 .o cen
249 | 2 ]| Limestone 2800 34°N/8°wW 1980 39°N/33°B 473 | Zhdanov 473 39°N/33°B 1980 34°N/8*'W 2800 3233 ves sen
249 | 1| Limestone 2800 34°N/8°W 1980 39°N/33°B 483 | Zaporozhye 483 39°N/33°B 1980 34°N/8°W 2800 3263 Caes .o
249 | t | Limestone | 2800 | 34°N/8°W 1980 | 39°N/33°B | 300 {Tagantog 300 39°N/33°B 1980 | 34°N/8°W 2800 3280 .o .
2350 | 1 | Limestone 2800 3M°N/8°W 1980 39°N/33°B 323 |Krivoy Rog 323 39°N/33°B 1980 M N/8°'W 2800 3303 res cee
234 | 2| Limestone 2840 38°N/3°W 1740 39°N/33°B 323 |Dnprod- 323 39°N/33°B 1740 38°N/3*W 2840 3103 .o ere
zershinsk
234 | 3 | Limestone 2840 38°N/Y°W 1740 39°N/33°B 923 [Dneprop- 323 39°N/33°B 1740 38°N/3*W 2840 3103 voe eee
etrovsk
249 | 2| Limestone 2840 38°N/3*W 1740 39°N/33°B 330 {Stalino 330 39°N/33°B 1740 38°N/3*W 2840 3110 e e
234 | 1 | Limestone 2840 38°N/3*W 1740 39°N/33°B 330 |Makeyevks 330 39°N/33°B 1740 38°N/3'W 2840 sto oo ees
323 | 3 | Limestone 2840 SG'N/D'W 1740 39°N/33°E 340 |Dzaudzhikeu| 340 39°N/33°B 1740 | 38°N/3*W 2840 3120 cou oo
234 | 1 | Limestone 1840 38°N/3°W 1740 39°N/33°B 330 |Koastant- 330 39°N/33°E 1740 38°N/A'W 2840 3130 e e
inovka
234 | 2| Limestone | 26840 | 38°N/3°W 1740 | 39°N/33°B | 360 |Gotlovka 360 39°N/33°B 1740 | 38°N/3*'W 2840 5140 v ves
234 | 1 | Limestone 2840 38°N/3*W 1740 39°N/33°B 570 |Kramatorsk 370 39°N/33°E 1740 38°N/3*W 2840 3130 e ‘oo
249 | 1 | Limestone 2840 38°N/Y'W 1740 39°N/33°B 370 [Krasnyy Sulinf 370 39°N/33°E 1740 38°N/A'W 840 3130 “es see
136 | 1 | Limestone 2840 IB°N/W 1740 39°N/33°B 380 [Kamensk 380 | 39°N/3°B 1740 38°N/3*'W 2840 3160 ves e
234 | 1 | Limestone 2840 38°N/3*W 17140 39°N/33°B 600 |Lisichansk 600 39°N/33°B 1740 38°N/Y'W 2840 3180 e e
324 | 1 | Limestone | 2840 | 38°N/3°W | 2140 | 38°N/40°B | 230 [Batumi 230 | 3e°N/40°B | 2140 | 3a°Ns'w | 2840 | sm0 | ... .-
323 | 1 | Limestone | 2840 | 38°N/3°W | 2140 | 38°N/40°B | 280 [Rustavi | 260 | 38°N/40'E | 2140 | 38°N/3'W | 2840 | 3260 s e
323 | 1 [ Limestone 3130 37°N/3°B 1830 38°N/40°B 370 |Groznyy 370 38°N/40°B 1830 37°N/3°B 3130 3330 oo ves
139 | 1 | Limestone 1800 17°N/61°'W 2330 62°N/90°B 323 [Krssnoyansk 323 62°N/90°B 2330 .} 7I°N/61°W 1800 4673 ves s
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Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
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Spokane

1800
1800

1800

1600
1800

1800
1800
1800
1800
1800
1800
1800
1800

17°N/61°'W
7°N/61'W
°N/61°W
11°N/61°W
T1°N/6T°W

T7°N/61°W
1°N/61°'W
T7°N/671°W
17°N/61°W
11°N/61°W
77°N/61°W
1°N/671°W
71°N/67°W
64°N/19°'W
64°N/19°W
64°N/19'W
63°N/31°'W
63°N/31°'W
67°N/30°W
63°N/31°W
67°N/30°W
67°N/30°W
63°N/31°W
67°N/30°W
63°N/31*'W
67°N/30°W
67°N/30°W
64°N/19°W
37°N/3°E
37°N/3°E
37°N/3°R
37°N/3°E
37°N/3°E

| 33°N/13°E-.
36°N/140°B

36°N/140°B

2330
2330

2600

2260
2260

2260
2260
2260
2260
2260
2260
2260
2260
2100
2100
2100

2300
2500
1390
2300
1390
1390
2300
1390
2300
1390
1390
1900

1830
1830
1830
1830
1830
2630
1490
373

62°N/90°B
62°N/90°B
60°N/77°B
63°N/63°B
63°N/63°E

63°N/63°B
63°N/63°B
63°N/63°B
63°N/63°E
63°N/63°R
63°N/63°B
63°N/63°B
63°N/63°B
63°N/63°E
63°N/65°B
63°N/63°R

64°N/33°E
64°N/33°E
64°N/33°B
64°N/33°E
64°N/33°E
64°N/33°E
64°N/33°B
64°N/33°E
64°N/53°B
64°N/33°E
64°N/33°E
64°N/33°B
36°N/40°B
38°N/40"E
38°N/40°E
38°N/40°E
36°N/40°E
34°N/68°B

44°N/139°B

410
480

323

323
360

413

emerovo
linsk
Omsk

Alspayevsk
Nizhiniy
Tagil
Sverdlovsk
Polevskoy
Severskiy
Sarana
Chelyabinsk

{Zlatoust

Misss

Belosetsk
Ufs
agnitogorsk
Orsk
Berezniki
Gubakha
Kirov
olotov
Votkinsk
|Kazan
Gorkiy .
Ulyanovsk
Dzerzhinsk
Kuybyshev
Syiran
Saratov

Makhachkala
Baku
Krasnovodsk
Stalingrad
Guryev

Begovat

Komsomolsk |

v ———————

420

62°N/90°R
62°N/90°B
60°N/T1°B
63°N/63°B
63°N/63°B

63°N/63°B
63°N/63°B
63°N/63°R
63°N/63°R
63°N/63°B
63°N/63°R
63°N/63°E
63°N/63°B
63°N/65°B
63°N/63°B
63°N/63°R
64°N/33°B
64°N/33°B
64°N/33°B
64°N/33B
64°N/33°E
64°N/33°E
64°N/33°R
64°N/33°B

64°N/33°B
64°N/33°B
64°N/33°B
38°N/40°E
38°N/40°E
38°N/40°E
38°N/40°B
38°N/40°B
34°N/6s°B
7°N/113°B

44°N/139°B

64°N/33°B

R

2330 | TI°N/6T'W
2330 | 77°N/6TW
2600 | 1°N/ST'W
2260 | 71°N/6T°W
2260 | 11°N/6T°'W
2260 | 1°N/6T*'W
2260 71°N/67°W
2260 | 1°N/6T°'W
2260 | 1°N/6T°'W
2260 | 71°N/61°W
2260 77°N/61°W
2260 T1°N/61°W
2260 T7°N/61°W
2100 | 64°N/19°W
2100 | 64°N/19°W
2100 | 64°N/19°W
2300 63°N/3i°W
2500 | 63°N/I°W
13% | 67°N/30°W
2500 | 63°N/351°'W
1390 | 67°N/so'w
1390 | 67°N/so*W
2300 | 63°N/31°W
1390 | 61°N/50°W
23500 | 63°N/31°W
139 | 67°N/so°w
1390 { 67°N/30°W
1900 | 64"N/19°W
1830 37°N/3°B
1830 | 37°N/3°B
1830 | 37°N/3°B
1830 37°N/3°RB
1830 | 37°N/3°B
2630 | 33°N/13*N—]
1490 | 36°N/140°B
373 | 36°N/140°B

1800
1800

1800

1800
1800

1800
1800
1800
1800
1800
1800
1800
1800
2000
2000

- 2000

1140
1140
1270
1140
1270
1270
1140
1270
1140
1270
1270
2000

3130
3130
3130
3130
3130

4240
Qo

| 4760

4830
423

4383
4420

4460

44713

4483
4320
4330
4370
4370
4640
4680
4720
4840

3940

3040
4040
310
3220
4220
3250
4240
3330
3360
4720

3383
3400
3360
3610
sno

6630

see

“es

se e

——— —-Www-,..q-— R aaad e ot
b ewme e

sen
Xy

oo
v
.o
ees
see
eue
see
“ee
.o
e

ore
e
cee
ves
.o
ees
ars
“es
e
I
see

cee
oo
cee
see

6070
3233

¢ World Acronautiosl Charts, Bombing Encyclopedia Mannsl and Code Book, Directonste of Intelligence, HQUSAF, Washington, D.C.,, September, 1930.
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Table 23b
SUMMARY OF MINIMUM-PENETRATION PATHS FOR GROUND-REFUELED B-52 AIRCRAFT

Refuel Point Eatry Point " Target Penetration Radius Mission .

Avg | Avg | Avg | Avg Distance (n mi) Time (hr) Distance (n mi) Time (hr)
Target Distance | Time | Distance| Time !
Group (nmi) | (he) | (nmi)| (hr) | Max | Avg | Min | Max | Avg | Min | Max | Avg | Min | Max | Avg | Min

62°N/90°E | 1800 | 4.18 | 4350 | 10.09] 480 | 406 323 1.11 | 094 | 0.75 | 4830 | 4756 | 4673 | 11.21 | 11.03 | 1085
60°N/77°E | 1800 | 4.18 | 4400 | 10.21] 325 | 325 323 075 | 075 | 0.75 | 4725 | 4725 | 4725 | 10.96 | 10.96 | 10.96
63°N/65°B | 1873 | 433 | 4075 9.45] 740 | 3520 323 172 | 1.21 | 075 | 4813 | 4395 | 4400 | 11.17 | 1066 | 10.21
64°N/33°E | 1244 | 2.89 | 3252 7.54| 820 | 346 300 190 | 1.27 | 0.70 | 4072 | 3798 | 3552 943 | 881 | 8.24
66°N/26°E | 1165 | 2.70 | 2980 6911 775 | 399 370 | 180 | 139 | 086 | 3733 | 3579 | 3350 8711 830} 7.77
59°N/14°E | 1170 | 271} 2920 ] 6.77] 560 | 560 560 130 } 130 | 1.30 | 3480 | 3480 | 3480 | 8.07 | 8.07| 8.07
39°N/33°B | 2829 | 6.56 ] 4634 | 10.75] 600 | 526 s 139 | 1.22 | 087 | 5234 | 5160 | 5009 | 12.14 | 11.97 | 11.62
38°N/40°B | 3077 | 7.14] 4963 | 11.51] 750 | 480 230 174 | 111 | 053 | 5713 | 5443 | 35193 | 13.23 i2.63 12.05
34°N/68°B | 3660 | 8.49| 6310 | 14.64] 340 | 340 340 079 | 079 | 079 | 6650 | 6650 | 6650 | 13.43 | 15.43 | 15.43
47°N/113°B| 4240 | 984 ] 5730 | 13.29] 340 | 340 340 | 079 | 079 | 0.79 | 6070 | 6070 | 6070 | 14.08 | 1408 | 14.08
44°N/139°E| 4240 | 984 4815 | 11.17] 420 | 420 | - 42‘0A 097 | 097 | 097 | 3233 | 5233 | 3235 | 12.15 | 12.13 | 12.13




Table 24
CAMPAIGN EFFECTS OF DIFFERENCES IN B-52 PROFILES®

Air-refueled System Costs and’Requirements To Destroy Russian Indusiry
Targets Are Presented as a Percentage of Ground-refueled System
Costs and Requirements

(Costs and three-year costs)
Including Excluding
Flight-profile Flight-profile

Difference Difference
(%) (%)
Number of strikes 100 123
Number of B-52's in operating force 151 112
Total number of B-52's 89 66
Cost of bomber force 151 112
Cost of radius extension® - 682 518
NEew Cost of COMPLETE SYSTEM 205 151
Inheritance 164 164
INCREMENTAL Cost oF COMPLETE SYSTEM 209 150

€The air-refueled system uses a reserve tactic; the ground-refueled system uses an
impact tactic. The air-refueled system follows minimum-penetration routes; minimum-
penetration and minimum-tanker routes are identical for the ground-refueled system.
The SU fighter-force composition assumed is 50 per cent MiG-15, 50 per cent Type 38.

bIncludes the cost of en route bases, refueling bases, and tankers, '

western area contains about 90 per cent of the industry targets in our 100-
point system.

This concentration in the west is not an arbitrary or peculiar feature of the
specific industry-target system we have taken in our basic campaigns. And it is
not changed when plausible value weights are attached to the various RGZ'’s in
the 100-point system. RAND's target systems analysis group have prepared an
aggregative industrial index* (AIl) which-is essentially a measure of capital
investment with some adjustments for strategic importance. (Petroleum refin-
eries, for example, are weighted somewhat more heavily in this index than their
percentage contribution to the estimated total capital investment in Russian
industry.) The exact nature of the weighting process used is not of particular
importance here. As we have stressed earlier, we have not ourselves attempted

* Norman Dalkey, Olaf Helmer, and F. B. Thompson, Report of a Preliminary Systems Analysis
for Sitrategic Targets, The RAND Corporation, Research Memorandum RM-1011, Jaguary 1, 1953
(Secret). _
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an analysis of targets for the purpose of target selection, and our use of these
weights is illustrative. They have, however, the advantage (1) of having been
selected independently of the geographical considerations that influence the
outcome of our campaign analyses, (2) of having been selected independently
of the 100-point system we have taken for the basic analyses, (3) of providing
a criterion for expanding this 100-point system to an industrial-target system
with a larger number of RGZ’s, and (4) of insuring that this larger target
system will have an economic significance contrasting with the 100-point system
(the 100-point system is a vertical system concentrating on many large and some
small plants in six industries; the additional targets in the larger target system
‘are large plants drawn from seventeen broad industrial categories). The coind-
dence of results obtained using the unweighted 100-point system with results
obtained using the same and a larger target system weighted by contributions to
All is therefore of some interest.

- If we take the largest 50 plants of the 100-point system as measured by their
contribution to the All, then the second 50, then the next 50 largest contributors
to the AII not already included in the 100-point system, then the next 50 largest,
and the next, the distribution of these RGZ's, whether weighted or not as
" between the east and the west, is rather stable. The same is true if we take the

division between the north and south made by the no-summer-darkness contour.

This point is illustrated in Table 25.

Table 25

DISTRIBUTION OF TARGETS BY All RANK
AND BY GEOGRAPHIC LOCATION

All Nw sSwW NE SE
Rank Quadrant | Quadrant | Quadrant | Quadrant
1to 50 17 2 - . 3 1

51 to 100 43 4 3
101 to 150 19 20 11 ..
151 to 200 28 11 6 p)
201 to 250 43 6 .o 1
ToraL 150 70 23 7

We shall have occasion to test the effects of assuming nonuniform values
and the effects of expanding the target system later, when we talk about local-
defense allocation. At that point it will be evident that other parameters which
are influenced by geography remain rather stable, as far as our results are con-
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. cerned. Here, however, the illustration merely serves to confirm the fact that a

fighter coverage which is uniform for east and west ignores a major feature of
Russian industrial geography. The first gross reallocation of defense that
might be tried, then, is a shift of area defense to the west, leaving the sparse
targets in the east to be defended locally. This is Defense Distribution II.

Matching Radius Limitations of Offensive Base-bomber Systems. The uni-
formity of deployment in Defense Distribution I was based in part on the
~ assumption that an attack from any angle was equally probable. The validity
of this assumption depends on the base-bomber system of the offense. As the
measurements presented earlier in Tables 4, 5, 20, and 21 demonstrate, it is
by no means true for all systems that they are equally effective along any axis
of penetration. For some base-aircraft combinations, some target points are out
of reach altogether; others can be reached only by long penetrations over enemy
territory. And there is a wide disparity in the cost to reach individual targcts for
various base-aircraft combinations.

Such inequalities in radius effectiveness can be exploited in distributing
defense. First, if a target is beyond the offensive capability altogether, it may be
left undefended. However, even where a target is beyond two-way-bomber
refueled radius, the offense can muster sporadic attack, perhaps on a one-way
mission basis. In this case, other things being equal, the smaller offensive capa-
bility calls for a proportionately smaller defense. And even where the offense
can reach a given target region on a two-way mission, but requires for this pur-
pose a very large number of tankers, the defense can exploit this fact. With a
fixed force the offense will be able to muster smaller strikes against such
remote regions. The defense needs a smaller bomber kill potential to reduce
probability of bomber survival inbound to a given level. Regions which the
offense can attack with comparatively little radius-extension cost, and where it
can in consequence manage more massive raids, can be defended by a larger
number of fighters.

Figure 55 shows contours of equal radius-extension cost for the air-refueled
system. A defense tailored to match this bomber-base system would concentrate
in the north to make up for this system’s greater capability in that region.
~ Figure 56 shows contours of equal radius-extension cost for the ground-
refueled B-47 system. Matching the capability of such a system clearly involves
a more even spread of fighter defense, i.e., a dilution of fighter defense.

Russian night-fighter limitations for 1956 make it difficult to cope with a
peripheral base system ‘situated equally in the south and north. But area-defense
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limitations in the south in a rough way happen to match the air-refueled
offense system’s radius limitations in that area. This situation is underlined by
the possibility of exploiting day fighters more fully. As a result, a rather gross
"rearrangement of fighters is suggested, much simpler in principle than the
distribution of defense, so as to equalize costs to reach targets of a given value,
considering both attrition and radius-extension costs. This simpler rearrange-
ment accomplishes in some degree the objectives of the more complex re-
arrangement.

Making Maximum Use of Day Fighters in the North. Defense Distribu-
tion I assumed day fighters spread with uniform coverage over the GCI area
both above and below the Fiftieth Parallel. Defense Distribution II shifted day
and night fighters to the west, but did not alter the north-south division. How-
ever, so far as high-altitude attacks are concerned, the offense will suffer low
attrition when it makes its penetrations below the Fiftieth Parallel at night,
during a summer campaign. It should therefore, in general, attack under cover
of darkness. This means in effect that, except for those day fighters which can
be used along with night fighters on the buddy system, the day fighters below
the Fiftieth Parallel will for the most part be unused. The defense can inflict
higher losses during the day than it can at night, even without using these excess
day fighters. This is true, since the probability that a fighter will intetcept and
kill a2 bomber is expected to be higher in daytime. Therefore, the moving of the
excess day fighters north should not offer sufficient incentive for the offense to
attack during the day. (These comments refer to high-altitude attack. We shall
discuss low-altitude attacks later.)

For these summer campaigns, by moving substantially all day fighters not
otherwise usable to points north of the Fiftieth Parallel, the enemy can make
significantly better use of his fighter force. Area-defense losses for all the
offensive base systems examined increase. However, the systems are not equally
affected. The concentration of fighters in the north penalizes especially sharply
those systems whose greatest capacity lies in approaches from that region, i.e.,
the exclusively air-refueled intercontinental system, in particular. Ninety-eight
per cent of this system’s minimum-tanker paths to targets enter from the north.
For it, therefore, the choice between minimum-tanker and minimum-penetration
paths favors the latter more than in Defense Distribution I. For a system with
peripheral overseas bases located approximately as programmed, paths min-
imizing tanker needs approach largely from the south (over 75 per cent); for
such a system the choice between minimum-penetration and minimum-tanker
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paths approaches indifference. The comparative advantage of the southern

routes is emphasized by Defense Distribution III

Defense Distribution lll. Defense Distribution III combines the shift of
fighters to the west in recognition of target concentration there, most day
fighters being shifted to the north to obtain their maximum utilization. It
means, specifically, given the force composition we have assumed, that there are
2700 day fighters in the northwest and a total of 600 fighters (300 day and
300 night) in the southwest. Targets in the east are defended by local-defense
missiles. .

The concentration of 2700 fighters in the northwest is not excessive from the
standpoint of their control. This northwest area is a very large one. For the sort
of semibroadcast control we have assumed throughout this report, the fighter
density is quite easily handled by ground radar.*

Campaigns Using Defense Distribution Ill. Against enemy defenses dis-
tributed as in Defense Distribution III, campaigns using minimum-tanker and
minimum-penetration paths for the air- and ground-refueled systems may be
compared. The results of such a comparison are presented in Fig. 57 and in
Table 26. Defense Distribution III raises the campaign costs of all offensive.
systems. This may be observed by referring to the corresponding campaigns
against the same target system defended by Defense Distribution 1. (These
Defense Distribution I campaigns are presented in the section entitled “Base
to Target: The Cost of Increasing Combat Radius,” pages 61ff.) But Defense
Distribution III raises, in particular, the costs of the air-refueled system.‘ It
makes the northern routes to targets especially unprofitable. Therefore, for the
air-refueled system, the minimum-penetration paths are superior to the mini-
mum-tanker paths. For the ground-refueled system, whose minimum-tanker
paths are largely from the south, there is little difference between the two sets
of routes. |

For the intercontinental air-refueled system, paths chosen to reduce the tanker
requirements per bomber sortied actually involve more tankers in total than the

* Against bombers flying at low altitude, control-capacity limitations may become important
(because of the short-sightedness of Al radars at low altitude). For a nonuniform Jdeploymens of
fighters, such as Defense Distribution III, the effect of this limitation would be to retum the distri-
bution of asirition to one which was similar to Defense Distribution I (Tables 13 and 1%); it is
evident that consideration of the reduction in attrition achievable by low-altitude tactics does not
seriously affect the comparison of an air-refueled and 2 ground-refueled system when both use low-
altitude tactics. However, as indicated on pp. 151f, above, the ground-refueled system provides a
greater capability for low-altitude attacks,
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minimum-penetration paths. This is so because the former routes involve high
attrition and therefore large strike sizes to insure acceptable crew-survival prob-
abilities; the larger strike size involves more tankers in total, even though fewer
tankers per bomber are required than in the minimum-penetration case.

Fighter Commitment Policy

The lateral distance from a bomber track at which a base commander can
commit his fighters with protection against feints is a function of the relative
speeds of the fighter and the bomber, the time to land and rearm the inter-
céptors, and the distance from the early-warning network. Since the alternative
routes we have studied involve quite different depths of penetration inside the
early-warning perimeter, it is important to consider the consequences of a sys-
tematic policy of feint-protected commitment. The possibility of feints and feint
protection influences the effective fighter-corridor width. It is also important,
therefore, in evaluation of attacks intended to isolate and saturate one or two
regions at a time. '

The commitment policy we have assumed so far has had several arbitrary
elements. On the one hand, we have assumed that, though the MiG’s will have
an estimated combat radius of at least 250 mi against the B-47 at the altitudes
of penetration considered (this makes a generous allowance for vectoring
errors), nonetheless only MiG's within a 150-mi lateral distance from the
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Table 26

ROUTE CHOICE AND DEFENSE DISTRIBUTION IN INTERCONTINENTAL

B-47 CAMPAIGNS

(Three-year cost in billions of dollars)

Air-refueled System

Ground-refueled System
Minimum- | Minimum- | Minimum- | Minimum-
tanker penetration | tanker | penetration
Routes Routes Routes Routes
Tactic Reserve Reserve Impact Impact
Number of strikes b 6 3 3
Number of B-47's in operating force 1079 708 1230 1207

- Number of B-47's in reserve for
air attrition . 984 892 0 0

Total number of B-47's 2063 1600 1230 1207
Number of B-36-type tankers 1400 1560 43 181
Number of KC-97's 1185 390 234 242
New cost of bomber force 20.2 15.7 12.1 118
New cost of radius extension® 28.0 239 3.3 5.5

New Cost oF COMPLETE SYSTEM 48.2 39.6 154 17.3
Inheritance 4.1 4.1 38 48

INCREMENTAL CosT oOF COMPLETE ,

SYSTEM 44.1 35.5 11.6 125

aIncludes cost of en route bases, refueling bases, and tankers.

bomber track will be committed. On the other hand, within the 150-mi corridor
half-width, we have assumed commitment of all fighters available. How are the
comparisons we make affected by a systematic commitment policy designed to
utilize more of the fighter radius, but also to insure feint protection? Such a
policy might commit fighters only when there was enough radar coverage be-
tween the base and the early-warning network to give the interceptor time to
return to a status equivalent to that existing before the first attack, even when
a second attack might come with the interceptor in the worse situation for
such recovery. |

In RAND's Air Defense Study,* this worse situation for the defense is taken to
occur when a second attack enters the radar detection system just after the
interceptor has fired its load at a bomber in the first attack. Using a formula

*E. J. Barlow and ]. F. Digby (eds.), Air Defense Study, The RaND Corporation, Report R-227,
October 15, 1951 (Secret).
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developed in the Air Defense Stady for determining the radar coverage yielding
feint protection,” we have tested the effect of such a commitment policy on the
interceptor and kill potential of Defense Distribution III. For full commitment
against a B47 track at a 250-n-mi lateral distance, the interceptor base following
this policy would have to be at least 550 n mi or so behind the early-waming
boundary; against a track directly in line with the base, i.e., at a zero lateral
distance, the available fighters would be committed only if the base were
approximately 300 n mi behind the early-warning network. Short of these dis-
tances, a seven-tenths commitment is assumed.

The total result of this commitment policy, compared with the one assumed
before this, is to increase B-47 losses along the minimum-penetration paths by
52 per cent; along routes minimizing tankers for a peripheral overseas system,
by 23 per cent; and along routes minimizing tankers for an exclusively air-
refueled intercontinental system, by 70 per cent. The minimum-tanker routes
for the peripheral base system involve fewer losses as well as lower tanker costs
than the minimum-penetration routes. For such a base system, then, this route
~ choice can be made on grounds of dominance. For the intercontinental air-
refueled system, preference for minimum-penetration paths, as far as they are
feasible, becomes even more distinct than with the commitment policy assumed
earlier—in spite of the high radius-extension cost of these paths. Finally, the
contrast between intercontinental air-refueled and ground-refueled systems is
even more marked, given Defense Distribution III and the feint-protected,
wider-corridor commitment policy outlined.

Figure 58 and Table 27 present the campaign results, assuming this adjusted
commitment policy, for the air-refueled system following both minimum-tanker
and minimum-penetration paths and for the ground-refueled system following
minimum-tanker paths only.

The revision in commitment policy has effects worthy of note other than those
~ described. These additional effects characterize a campaign including strikes
~against many regions simultaneously. The increase in corridor width with the
revised commitment policy results in a corresponding increase in the overlap
among the corridors of fighters stirred up by adjacent tracks in a single raid.
If these tracks are made simultaneously, the increase in overlap does not mean
any extra attrition, since a fighter in the overlap area can be committed against
one or another of two adjacent tracks, but not against both. In other words, this

*Ibid., p. 30S.
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commitment policy increases the advantage of simultaneous raids on adjacent
regions. '

We shall consider, later in this section, the use of this adjusted commitment
policy for Defense Distribution III in connection with a regional saturation.
The final campaigns tested in Part III, which combine the effects of enemy
bombing attacks on our bases along with the target-radius and route-choice
alternatives we have examined so far, assume the commitment policy dealt with
originally. If the revised commitment policy were to be incorporated in these
campaigns, the conclusions drawn would be reinforced.

Local- and Area-defense Allocation for an Expanded Target System
and for a Nonuniform Target System

The expanded target system referred to earlier adds 150 RGZ's. The pre-
dominant majority of these extra RGZ's fall within the same inbound fighter
corridors stirred up by tracks to the 100-RGZ system. A moderate additional
amount of outbound attrition is incurred in attacks against the enlarged system.
On strikes against the whole of the larger system, cells withdraw in a more
continuous stream over various segments of the tracks, and this permits some
fighters to recycle that had no opportunity to do so in strikes against the
100-RGZ system. However, the total difference in area attrition is in all cases
less than 10 per cent. |
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Table 27

COST OF INTERCONTINENTAL B-47 CAMPAIGNS ASSUMING IMPROVED SU FIGHTER
COMMITMENT POLICY AND DEFENSE DISTRIBUTION il

(Three-year cost in billions of dollars)

Air-refueled System Ground-refueled System
Minimum- Minimum-
tanker penetration Minimum-tanker
Routes Routes Routes
Tactic Reserve Reserve Impact
Number of strikes | 4 b) 3
Number of B-47's in operating force 1779 1040 1416
Number of B-47's in reserve for
air attrition 1176 1061 0
Total number of B-47's 2955 2101 1416
Number of B-36-type tankers 2310 - 2290 : s1
Number of KC-97's 1960 572 277
New cost of bomber force 29.0 20.6 139
New cost of radius extension® 46.2 349 38
New Cost oF COMPLETE SYSTEM 75.2 55.5 17.7
Inheritance ) 4.1 ' 4.1 A 4.0
INCREMENTAL CosT oF COMPLETE
SYSTEM 7.1 S1.4 13.7

2Includes cost of en route bases, refueling bases, and tankers.

Local defense is tied more specifically to individual targets than is area
defense. As compared with the fighter radius of 200 or 300 miles, the Wasser-
fall missile installation we have assumed will protect only those targets within
a radius of about 20 mi. If we make the simplifying assumption, implicit in
the earlier campaign calculations, of the divisibility of the local defenses and
the separability of the targets, we may divide the fixed total of local-defense
kill potential among the 250 RGZ’s as we did in the case of the 100-point
target system. .

The campaign costs for destruction of 80 per cent of the 250 RGZ's may be
calculated, using the local-defense attrition parameters obtained in this way,
and using area attrition obtained by measurement. To obtain the other major
inputs for campaigns against the larger target system, we have also measured
the tanker-bomber requirements for the air-refueled and ground-refueled system

178




. to visit the expanded target system, using either minimum-penetration or

~ minimum-tanker routes. The average radius-extension costs are roughly the

same. The campaign comparisons made previously are not affected very much

~ by this shift to a larger target system. This is indicated by the campaign costs
presented in Fig. 59. |
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Fig. 59—Enlarged target system: intercontinental B-47
campaigns {incremental 3-year cost)

Similarly, the assignment to the target points of nonuniform values measured
by contributions to the aggregate industrial index does not affect the compari-
sons significantly, if we assume each target point as being defended by a share
of the local defense proportionate to its value, and take as the goal of the
offense the destruction of 80 per cent of the target system by value. The assign-
ment of AII values to the 250 points moderately reduces radius-extension costs
for the air-fueled system because of the great weight of the Moscow-Leningrad
area. The aggregative-industrial-index weighting of the 100-point system
affects the radius-extension costs very little. (It increases them slightly for the
air-refueled case.) Such campaigns against an All-weighted target system with
proportionate assignment of local defense are presented in Figs. 60 and 61.

Concentrations of Local Defense and Local Concentrations of Target Value

The simplifying assumption as to the isolability of individual targets and the
. divisibility of local-defense kill potential may be harmless as long as we con-
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sider strikes of sufficiently large size. However, while local defenses are tied
more specifically to individual targets than is area defense, a single local-
defense installation will in general defend several RGZ’s. The 100 RGZ'’s
are contained in some 66 cities; the 250 RGZ’s, in 117 cities. Local concen-
trations of target values as distinct from numbers of targets are even greater.
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Figure 62 presents Lorenz curves showing the percentage of total aggregate
industrial value versus the percentage of cities. Over 80 per cent of the value
of the 100-point target system is contained in a third of the target cities.
Similarly, for the 250-RGZ system.

100 -

Percentoge of Al
8

[

1 [} . 1
40 60 80 100
Percentage of cities

—h
] 20

Fig. 62—Percentage of total aggregate industrial value
vs percentage of cities

If we consider campaigns in which the target system is divided by the
attacking force and attacked region by region in an attempt to reduce the size
of the operating force, it is essential to examine the concentration of local
defense in relation to target value. As in the case of the area defense, it is
possible for the local defense to be distributed more effectively by use of the
technique of concentration. One such distribution of defense might provide
local defense in proportion to value for the Eastern targets which have, in
Defense Distribution III, no area defense; and it might distribute the remainder
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of the local defense among the target cities which contain 80 per cent of the
'AIL Such a distribution of defense is a counteraction to any attempt by the
offense to nibble at the target system bit by bit. (To discourage attempts to
pick off the shallow targets, local defenses may be distributed in depth so as

partially or wholly to compensate for the lower area kills involved in visits
to the shallower portions of the system. This tends to equalize the losses per
unit of target value destroyed.) Given this defense distribution, the offense
gains nothing by attacking first either the eastern targets which have no area
defense or the small western targets which have no local defense, for the
offense would incur some losses by so doing. The eastern targets are defended
locally, and the western targets are defended by area defense as a by-product
of the defense of the larger targets. By incurring losses in attacking this less-
defended part of the target system, the offense would lose some of the
advantages of saturation in attacks against the more heavily defended part
Therefore it is best for the offense in this regional campaign to go early into
the heavily defended area while it has its maximum force intact.

The results of a regional saturation campaign against a target system so
defended are presented in Fig. 63 and Table 28.
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Table 28
REGIONAL SATURATION TACTICS IN INTERCONTINENTAL B-47 CAMPAIGNS
Air-refueled Ground-refueled
System System
Number of strikes 6 4
Total number of B-47's 790 875
Number of B-36-type tankers | 1372 0
Number of KC-97's 0 210
New cost of bomber force 78 8.6
New cost of radius. extension® 19.1 2.2
New Cost oF COMPLETE SYSTEM - 269 108
Inheritance : 4.1 ) 33
INCREMENTAL CosT OF COMPLETE SYSTEM 228 7.5

2 Includes cost of en route bases, refueling bases, and tankers.

In this campaign, the air-refueled system found it to its advantage to attack
the two regions with highest total target value successively on its first two
strikes, and after this to attack the smaller-valued regions several at a time for
a total of six strikes. Minimum-penetration paths were employed throughout.
The ground-refueled system used minimum-tanker paths for the most part,
but found it economic in one case to go in on one side of the country and
withdraw on the other.

The results of this campaign show once more the marked disadvantages of
intercontinental air-refueling.

Local Defenses and Radius Capability

‘Local defenses may be distributed to make more nearly equal not only total
offense bomber losses per unit of target value destroyed, but also total destruc-
tion costs to the offense, taking into account differences in radius-extension
cost as well as differences in area kills. Local-defense kills may be made
higher in regions of low fighter kills and low tanker requirements. As in the
case of the area-defense redistributions we discuss, the enemy works within
limitations here, too. There are limits first of all in the size of the local-
defense kill potential available for such compensation.

Against the air-refueled system, the enemy could count on his high tanker
costs in the south as making up in part for his present low night-fighter kill
potential; and in the future, with increasing night-fighter kill potential in the
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south, the enemy could concentrate local defenses more heavily in the north
to combat an exclusively air-refueled system. Against a peripheral overseas
system, the total local- and area-defense kill potential would need, in the
long run, to be diluted by more or less uniform spreading; and for the
period in which his night-fighter potential would be relatively low, the south

might draw a principal part of the local defenses to compensate. However, the

total local-defense kill potential, even at the rather high levels assumed in
this study, would not be enough, in 1956, to compensate for the estimated

weaknesses of night-fighter defense. For this period the south will be a soft

spot in the enemy's armor.

THE IMPORTANCE OF SOUTHERN BASES

To combat a base system having a larger offensive capability in the north,
the Russians could in the future orient their defenses to accomplish what they
are forced into now by night-fighter limitations: They could concentrate their
kill potential in the north. A peripheral spread of bases is needed to minimize
penetration distances to target and to compel dispersal of the defense. And,
for the present, attacks from the south can expect an extra advantage because
of deficiencies in the defense there. For the time being, then, as the attrition
studies of the minimum-tanker paths for the ground-refueled system indicate,
we can use even more bases in the south than in the north.

A comparison of base requirements and supply, assuming a peak strike of
1300 bombers, shows that the addition of as many as 20 bases to the south,
preferably in Northeast Africa and the Arabian and Indian peninsulas, would

_be an important adjunct to our present base system. There has been Air Force

interest in an expansion of the base program in this direction, and we should

... like to underscore its importance.

SUMMARY: THE EFFECTS OF ROUTE CHOICE

The implications of the analysis presented in this section may be stated as
follows. First, it is important to develop a rounded capability for many-sided
attack against the enemy target system. By doing this we force him to spread
his defenses. This does not mean that on any one strike we need actually use
a multiplicity of penetration paths starting from many sides. Having forced
the dilution of his defense, we can concentrate on some portion of the target
system and some few penetration paths to get the benefit of saturation. But the
development of a rounded capability is a condition for concentration in its
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use. Second, the inferiority of the exclusively air-refueled intercontinental
system which was evidenced by the cost and effectiveness versus radius studies

- of the section entitled “Base to Target: The Cost of Increasing Combat Radius,”

page 61, is reinforced by an examination of the inflexibility this system imposes
on the offense. The exclusively air-refueled system is less free than a peripheral
overseas system in its choice of route, speed, and altitude of penetration. It
permits corresponding concentration on the part of the defense. On the other
hand, the analysis, while it has dissected the high costs of operating without
an overseas base system, has not yet dealt explicitly with the logistics costs of
operating with an overseas system. And, most important, it has not taken
explicit account of the costs of defense and expected damage associatéd with
the vulnerability of overseas bases.
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D. Base to ZI: The Cost of Operations Outside the ZI

We have seen how difficult it is to operate without overseas bases. What
are the difficulties of operating with them? So far the only overseas bases we
have dealt with have been minimal overseas refueling bases. However, the
formerly programmed 1956-1961 bombing force was designed in large part
to operate from advanced overseas bases. In this section we examine the require-
ments and costs associated with our formerly programmed overseas operating

- base system and alternate operating base systems and with staging base systems.

The method of basing medium bombers on advanced overseas bases during
wartime and of basing some overseas on rotation during peacetime was devel-
oped because (1) increasing bomber speed and altitude requirements have
been gained at the expense of combat radius; (2) short missions offer an
apparent advantage in increased sortie rates; and (3) there was a considerable
heritage of bases from World War II in such advanced areas as the United
Kingdom and Japan (many operating bases have been built overseas since
then). It is important to assess these advantages in relation to the costs of
operating a large part of our strategic force overseas, since a considerable part
of the Air Force budget is directly or indirectly associated with this method
of operation. In particular, it is important to discriminate among types of
overseas base systems, since the cost and effectiveness of the entire strategic
force depends largely on where systems functions are performed, how they are
performed, and how they are protected against attack. There are wide varia-
tions in vulnerability as well as in construction, support, and operations costs.

COSTS OF PROCURING AND OPERATING BOMBERS
IN THE ZI

When a wing of bombers or strategic fighters or a squadron of tankers is
created, a direct investment in bases, personnel, stocks, and equipment is made,
amounting to several million dollars per aircraft in addition to the cost of the
aircraft itself. For every year during which the unit operates, costs are gener-
ated for maintenance and supplies, fuel, personnel”pay and allowances, and
replacement aircraft. The total cost of procuring and operating each of the
aircraft types in the strategic force, as well as that of supporting aircraft, is
presented in Table 29.
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Table 29 .
THREE-YEAR SYSTEMS COSTS FOR VARIOUS AIRCRAFT*

Based in ZI
(Costs in millions of dollars)
KC-97
Based with Separstely
B-47 B-52 B-47’s Based
Initidl | Annual | Initial | Annual | Initial | Anoual | Initial | Aanual

Installations® .

Technical facilities 29.5 cens 43.0 ceen $3 | ..... 226 ceve

Personnel facilities 15.6 cees 17.3 cees 1.5 ceee 169 eaie

Maintepance = | ..... 2.2 R - B 0.4 2.0
Major equipment®

Mission aircraft 100.0 11.1 240.0 4.0 276 1.0 47.0 1.7

Support aircraft 10.0 24.0 2.8 4.7 cees
Minor equipment$ v

Organization equipment 6.5 0.4 9.2 0.6 0.7 0.1 45 0.2

Ground radar : 0.6 0.1 0.6 S 0.1 cene cees 0.6 0.1

Initial stock level 23 34 0.5 1.3

Readiness reserve 22 4.6 23 3.2 ceae

Spares " 47.2 cees 115.2 ceen 12.5 ceee 18.0 cens
Transportation/ 0.9 1.1 11 1.4 0.1 0.1 0.5 0.5
Personnel?

Training 228 5.7 23.8 6.0 2.6 0.6 14.0 3.5

Pay and allowances = | ..... 10.2 | ..... 13.2 cone S ¥ 2 I 6.0

Travel - 0.6 0.5 0.8 0.7 ceoe 0.1 0.4 0.4
Maintenanced

Mission aireraft @ | ..... 86 | ..... 15.6 cees 21 | ... 4.5

Support aircraft weves 06 | ..... 0.8 ceee o1 | ..... 0.4
POL¢ : '

Mission aireraft @ 1 ..... 48 | ..... 59 cens 09 | ..... 1.6

Supportaircraft =000 | ..... 03 | ..... 0.4 caes 04 | ..... 0.2

Miscellaneous | ..... 1.3 | ..... 1.7 oo 0.2 | ..... 0.8
Service and Miscellaneous/ | ..... 04 | ..... . 0.6 cees 01 | ..... 0.2
Intermediate commands® Ceeees 30 | ..... 4.0 cee 10 | ..... 2.1
Ovethad? = | ..... 172 | ..... 194 ceee 29 | ..... 8.0
ToraL 238.4 67.5 485.0 77.5 55.9 11.7 133.7 32.2

. Number of aircraft per unit 435 30 20 36

Cost per aircraft , 5.3 1.5 16.0 2.6 2.8 0.6 3.7 0.9
ToTtAL THREE-YEAR Cost 9.8 23.8 4.6 64

For footnotes, see pp. 190-193.
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B-36-type
Tanker B-36 Wing F-84F Wing F-86D Wing C-124C Group C-97 Group

Initial | Annual | Initial |Annual | Initial {Annual | Initial | Annual | Initial | Annual | Initial | Annual
’ o .

318 | .... 35.9 cees '18.3 ceen 13.6 ceen 25.0 een. 38.0 1.9
218 | ... 27.4 16.7 11.5 120 ....
N 27 | ..... 32 | ..... 1.8 1.3 19 | .....
100.2 3.7 121.2 4.4 27.4 2.7 23.7 5.0 60.2 1.7 454 4.5
" 100 12.1 2.7 2.4 6.0 - 45

5.2 0.3 8.7 0.5 4.0 0.2 4.0 0.2 5.7 0.3 4.5 0.2

0.6 0.1 0.6 0.1 0.6 0.1 0.6 0.1 0.6 0.1 0.6 0.1

286 | .... 29 1.2 1.1 1.7 13

20 | .... 3.4 0.5 0.7 2.2 22 | ...
© 370 | .... 8.7 22.0 10.4 30.0 22.0
10 12 1.1 14 0.5 0.7 0.5 0.6 0.6 0.7 0.7 1.0
! ,

182 45 23.8 6.0 8.3 2.1 8.2 2.1 14.0 3.5 14.0 3.5
e | 98 [ ..... 13.2 | ..... 60 | .... 60 | ..... 70 | ..... 6.0
‘k 0.6 0.5 0.8 0.7 0.4 0.3 0.4 0.3 0.4 0.4 0.4 0.4
i . .
Peeeas 120 | ..... 158 | ..... 3.2 61 | ..... 55 | ..... 4.5
L 06 | ..... 0.7 | ..... 0.3 cees 03 | ..... 04 | ..... 0.4
e 46 | ..... 46 | ..... 0.9 1.4 | ..... 30 | ..... 16
e 02 | ..... 03 | ..... 0.2 0.1 | ..... : 0.2 | ..... 0.2
e s | ..... 1.7 e 08 | ..... 0.7 | ..... 09 | ..... 0.8
oo 04 | ..... 06 | ..... 0.2 e 02 | ..... 0.2 | ..... 0.2
e 20 | ..... 38 | ..... 1.6 cees 20 | ..... 21 | ..... 2.1
e 146 | ..... 190 | ..... 7.0 ceen 88 | ..... 93 | ..... 9.1
2310 | 587 296.6 76.0 102.6 28.1 77.1 35.2 158.4 37.2 133.6 16.5
30 30 75 75 36 - 36
17 20 9.9 25 1.4 0.4 1.0 0.5 44 1.0 3.7 1.0
. 13.7 174 26 2.5 7.4 6.7
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NoTEs FOR TABLE 29

a. These costs are the peacetime costs incurred in the procurement and operation of
each type of aircraft for a 3-year period. These are new costs and do not allow for any
inheritance from previous periods or legacies to later ones.

(1)

(2)

(3)

(4)

(5)

(6)

™M

The 3-year cost for the B-52 is included, although this bomber is not sched-
uled to be in tactical units for that length of time prior to January, 1956,
so that a comparison can be made on a comparable basis. Some specific
assumptions are as follows: 4400 total personnel (peacectime manaing);
2 C-47 and 19 B-26 MIT (minimum individual training) support aircraft;
50 flying hours per month for mission aircraft; aircraft cost based on pro-
duction of 200 units.

B-47 costs are based on: 3355 total personnel (readiness manning); 2 C47
and 14 B-26 MIT support aircraft; 5O flying hours per month for mission
aircraft, 75 for C-47's, and 41 for B-26's. Aircraft cost is based on produc-
tion of 2000 units. :

B-36 costs are based on: 4403 total personnel (peacetime manning); 2 C47 -

and 18 B-26 MIT support aircraft; 50 flying hours per month for mission
aircraft. -

F-84F costs are based on: a fighter-bomber wing rather than a fighter-escort
wing; 1909 total personnel (peacetime manning); 2 C-47, 12 F-51, and 6
T-33 support aircraft; 20 flying hours per month for mission aircraft.
F-86D costs are based on: 1909 total personnel (peacetime manning);
2 C-47, 12 F-51 (2 tow target, 10 MIT), and 6 T-6 support aircraft; 28 fly-
ing hours per month per mission aircraft.

Costs are developed for C-124 operation in a separately based Heavy Troop
Carrier group. If the squadron is tenanted or other bases are considered,
3.year costs will be approximately $6.5 million per aircraft. With relatively
small air logistics operations, the lower cost will apply; but with large
numbers of aircraft engaged in air resupply, separate or augmented bases
will be required. Specific assumptions are as follows: 2264 total personnel
(peacetime manning); 2 C-47 and 9 B-26 support aircraft; 63 flying hours
per month for C-124.

The cost of the C-97 and KC-97 aircraft is displayed both in the 20-aircraft-
squadron units, which are attached to medium-bomber wings, and as separate
squadrons. Deployment of tanker squadrons to bomber bases permits econ-
omies of installations and personnel and is practicable with the bomber-
tanker ratios programmed for the 1955-56 force. If a large number of
tankers per bomber will be required, then the costs of separate tanker
basing will be applicable.

b. Installations costs are based on USAF Installations Facility Requirements, 2d rev,
April, 1952, Directorate of Installations, HQUSAF, and on Cost Estimates for U.S.

Air Force
Engineers.

Construction, April 1, 1952, Department of the Army, Office, Chief of

Annual maintenance of installations is estimated at 5 per cent of construction cost.
Included are the costs of materials and contractual services; labor is included under
“Personnel.” This factor was developed from an analysis of *'Real Estate Facilities
Management and Preservation Monthly Cost Reports™ for selected Air Force Bases for
FY 1950 and the first 4 months of FY 1951,
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¢. Major Eguipment. The costs of the mission aircraft are from the latest USAF
Airplane Program Budget Estimate. The estimated costs are for complete aircraft,
including all government-furnished equipment. Aircraft spares and spare parts are
included in the cost heading “Stocks.”

An allowance of 10 per cent of the cost of the mission aircraft is added for com-
mand-support aircraft based on Air Force Letter 150-10, Peacetime Planning Factovs,
September 27, 1951, Department of the Air Force. Unit-support aircraft are assumed
to be available from existing second-line stocks of aircraft; their cost is therefore
excluded from the estimates,

Annual costs of mission aircraft reflect normal aircraft attrition. These attrition
costs are computed on the basis of normal flying hours times the attrition per 100,000
flying hours as given in AFL 150-10, Table VIIL.

d. Minor Equipment. The organizational-equipment compoanent of minor equipment
includes such items as gencral- and special-purpose vehicles, construction equipment,
materials-handling equipment, communications and test equipment, special flying
clothing and similar individual equipment, and organization, base, and maintenance
equipment.

Investment costs for organizational equipment are developed from the wartime
cost columns of the USAF T/O & E Equipment Cost Reports as of 1950. Costs are
available directly from the reports for some of the wings. For other wings, costs are
interpolated on the basis of gross weight of the aircraft, the available costs of the most
similar aircraft being used as bench marks. No T/A equipment is provided.

Cost of replacement of organizational equipment--the amouat shown as anoual
cost—is estimated to be 6 per cent of the investment cost. Maintenance of organiza-
tional equipment is included in the amount for the "Services and Miscellaneous™ ele-
ment of wing cost.

The estimate for the investment cost of ground-controlled approach radar (assuming
one installation per wing) is based on current budget estimates. The annual cost is based
on an expected life of 6 years.

e. Stocks. For convenience of estimation and presentation, stock-level estimates are
broken down into three components: (1) initial stock level, (2) readiness reserve, and
(3) spares. )

The estimate for /nitial stock level includes those supply costs which are occasioned
by the aircraft wing but which do not appear as annual charges. This allowance was
suggested by Headquarters, Air Materie]l Command, and is the allowance suggested for
most ‘items in the FY 1953 budget guidance, Secondary Program Guidance for Logistic
and Material Budgetary FY 1953, September 11, 1951, Department of the Air Force,
DCS/Operations, Assistant for Programming. It provides for 6 months’ procurement
lead time and for 5.5 months’ base and depot stock levels and pipelines. The allowance
for all supplies other than fuel and lubes and aircraft spares and spare parts consists
of 345 days of supplies at the annual consumption rate, i.e., 345/365 of the estimated
annual supply costs.

The initial-stock-level allowance for aviation fuel and lubes is 75 days’ supply at

peacetime-consumption rates. Other fuels and lubes are included at 90 per cent of

capacity of base-storage facilities.
_Stock levels and lead time for aircraft-<omponent spares and spare parts are
included under the entry “Spares.”

A 90-day readiness-reserve allowance is made for supplies used in installations,
services, and for personnel. A readiness-reserve stock of aviation fuel and lubes is
estimated at 75 days’ supply at war-consumption rates. Other fuels and lubes are also
estimated at 75 days' supply, but at peacetime-consumption rates.
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The estimates for spares (including aircraft spare parts) are based on the following
budget estimates for FY 1952 and FY 1933: Headquarters, Air Materiel Command,
Director of Procurement and Production, WPAFB: (¢) USAF Airplene Budget Progrem
Revised, 6828 Airplanes, FY 1952, Regular, February 1, 1952; (b) Badger Estimates
USAF Airplane Program, 1163 Airplanes, FY 1952 Sspplemenial, February 1, 1932;
{¢) Badget Estimazes USAF Airplane Program, 6410 Airplenes, FY 1953, February 1,
1952. This figure includes stock-level and pipeline requirements, as well as readiness.
reserve requirements in the form of flyawsy kits, Table II's, and Table XVT's. It also
includes engine requirements for the first-line life of the aiccraft.

One adjustment is made to these budget estimates. The budgeted total includes,
among other items, the estimated maintenance-materis] requirements for the first year's
operation of the aircraft. Since this cost is included in the present study as an annual
cost under the heading “Maintenance—Mission Aircraft,” it was deducted from the.
budget estimate.

f. Transporiasion. Transportation costs are for an average shipping distance of 1000
mi. An estimated cost of $50.00 per ton, including packaging, was developed from
tonnage data and cost obtained from the Traffic Division at Headquarters, Air Materiel
Lommand. The tonnage to be transported (excduding petroleum, oil, and lubricants)
is estimated from planning factors obtained from AFM 400-5. The cost of transportation
POL is included in the estimated cost of the POL.

-g. Personnel. The manpower figures of all wings represent estimates of “typial”
suthorized military and dvilian strengths as of March, 1951, Total manpower author-
izations include T/0, T/D-A, and civilisns. The T/O portion was taken directly from
T/0 & E Branch, Manpower Requirements Division, DCS/Opentions, Manpower and
Organization, Typical T/O Strengths—Wings and Separate Sqmadrons, Director Sta-
tistial Services, AFASC-3D, DCS/Comptroiler, March 1, 1951, Where T/O's were
not svailable, the most snalogous existing wing was used for which T/O's did exist.
The T/D-A portion was estimated by applying to the T/O strengths an approximate
Tatio of total non-T/0 to total T/O strength of the major command that is to operate
the wing under study. The civilian portion included is 10 per cent of the total military
strength of each wing.

The investment cost of training the manpower of each wing is based directly on
formal training costs of wings as computed by Program Standards and Cost Control,
Headquarters, US. Air Force. The anoual training costs are included at 235 per cent
of investment cost.

Annual personnel operating costs, including the cost of payroll, subsistence, clothing,
TDY travel, and miscellaneous sllowances for each wing, are bused oo an analysis of
Form 320 cost data for May, 1951.

Travel. Costs per man were developed from information obtained at the Directorate
of Transportation, HQUSAF. The sverage distance traveled in the ZI by military per-
sonnel is assumed to be 1000 miles. Allowances are induded for the travel of
dependents and for the shipment of household goods for officers and for the first
three grades of airmen. .

Annual costs are assumed to be 85 per cent of initial costs. This is for an estimated
annual peacetime attrition rate of 25 per cent (for discharge, retirement, death, etc.) and
an angual rate of 60 per cent for permanent change of station.

b. Maintenance. Maintenance costs for both mission and support sircraft were
developed from two sets of average costs per flying bours: one computed and published

by DCS/Comptroller, and the other besed oa SCOOP computations. For mission air-

craft and MIT and tactical-unit support aircraft, the models and rates of utilization
were obtained from Air Force peacetime planning factors. ‘
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i. POL. The estimated costs of POL (petroleum, oil, and lubricants) were obtained
from DCS/Comptroller’s estimated flying-hour costs, or from Air Force planning
factors. For mission aircraft and support aircraft the number of flying hours per moath
were developed from Air Force planning factors.

Miscellaneous POL requirements include fuel for heating, cooking, and the motor
pool. The physical requirements given in AFM 400-5 are the rates stated in “Program
121-8,” Headquarters, Eastern Air Defense Force, December 19, 1950.

j- Service amd Miscellaneous. The estimates for “service and miscellancous™ costs
cover annual operating and maintenance costs reported on Forms 320 not included in
the cost categories described above. This is costs of materials and supplies for such
functions as administration, flight service, supply operations, medical service, food
service, and operation and maintenance of organizational equipment. The estimated
costs are based on an analysis of cost reports of combat wings and separate squadrons
in SAC, TAC, and ADC for the months of May, June, and July, 1951.

k. Intermediate Commands. The intermediate-command estimate includes the costs
of support given the wing by organizations at and below the major-command-head-
quarters level (i.e, HqSAC, HqQTAC, or HqADC). The costs of major-command
headquarters and other command headquarters above the wing level and below the
major-command-headquarters level (e.g., air divisions and numbered air forces) are
included here. The costs .of organizations other than these headquarters that support
the primary mission of the command but do not perform that mission themselves are
included. Examples are radar-calibration units, statistical-service squadrons, liaison
flights, etc. The estimates were based on an analysis of SAC, TAC, and ADC cost
reports for the months of May, June, and July, 1951.

l. The overhead estimate consists of an allocation of the costs of major commands
other than the one to which the unit belongs.

The major initial expenditure in the build-up of the force is for aircraft
and bases. For medium-bomber wings, these items account for 46 and 19 per
cent, respectively, of the total cost of creating a B-47 wing. The major annual
costs generated are for maintenance and fuel, pay and allowances of personnel,
and aircraft replacement. These account for 23, 15, and 16 per cent of the
costs that recur every year for this aircraft type. The relation of each of the
cost categories to total system cost, including both investment and annual
costs, is shown in Table 30 over 3- and 8-year time periods. The relative
importance of systems components changes with the time period examined,
and an evaluation of the cost and effectiveness of measures affecting the stra-
tegic force should be examined for sensitivity to cost patterns. High initial
base costs, for example, are followed by still hxgher aircraft operating costs’
over a period of years.

The total cost of building up the ZI component of the strategic force from
its January, 1953, position to the 143-wing program goal and of operating it
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Table 30

RELATION OF B-47 COST CATEGORIES TO TOTAL ZI SYSTEMS COST

Three-year Eight-year
Period Peviod

(%) (%)

Installations .........cccceceecrovecnnennse 12 8
Major equipment ..........c.ccciiieiioannn 33 25
Minor equipment .........ciieiiiioeiien 2 1
70V = T 12 7
Transportation ........cccevececincinnenn 1 1
Personnel .................. @ eeeeeaeees 16 20
Mauntenanoe .......cccceirennvnncsonoans é 9
POL ....... e teeceecaseseese tanananeens 4 7
~ Service and miscellaneous ................. (*) (¢)
Intermediate commands ................... 2 4
Overhead ......cciviimiinrennerenncnns 12 18
Torar ....... e eeeteeracaeaeacaaanaas 100 100

8Less than 0.5 per cent.

until January, 1958, would be approximately $25.5 billion. The relatively
small number of aircraft available for combat from this budget emphasizes
the large differential between bomber procurement cost and total system cost
per bomber operated. In the casc of the B-47, it costs four times as much ($9.8
million) to have a combat-ready bomber on ZI bases over a 3-year period than
it does to procure the bomber alone. Since the Air Force is following the policy
of having no reserves of first-line aircraft, and since there will be hardly any
opportunity for the production of aircraft during the atomic phase of the
strategic air campaign, the force in being on D-day, procured from limited
peacetime funds, is the force we shall have with which to fight the campaign.

REQUIREMENTS AND COSTS FOR OVERSEAS
OPERATING BASES : |

Having the capability of rapidly deploying to overseas bases and commencing
operations adds substantially to the cost of the strategic force. In addition, high
costs are incurred for active defenses and for the procurement of aircraft
likely to be killed on the ground during the campaign. The average additional
cost of having an overseas operating capability, excluding en route bases,
tanker costs, and any consideration of active defenses and ground attrition,
comes to approximately 56 per cent of the ZI total 3-year cost. This is an
average operating cost; and in the Arctic it may be as much as 144 per cent
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more than ZI costs. These substantial additional costs are incurred in spite of
economies effected by the Mobility Plan type of operation. Although this care-
fully thought out plan acts to reduce peacetime costs of operation and initial-
force vulnerability, as compared with altematively maintaining the strategic
. force overseas in peacetime, we still have large base, airlift, logistics support,
and personnel requirements. Major costs are shown in Table 31.

Bases

The overseas strategic base system as originally planned for the 143-wing
Air Force program would cost ultimately $3.4 billion. Of this amount, approxi-
mately 1.4 billion dollars’ worth of facilities were in place or committed in
January, 1953. This sum would provide us with 26 operating bases for medium
bombers and strategic fighters, 7 additional operating bases for tankers and
strategic reconnaissance, and 10 additional staging bases for medium and heavy
bombers and strategic fighters. Excluded from these totals were requirements
for the basing of interceptors, radar stations intended primarily for the
defense of SAC, depots contributing to SAC support, terminal pipeline, and
medical facilities in overseas theaters. 7

Table 32 shows typical base costs overseas for operating staging bases. Rota-
tional bases are built to ZI standards; bases for wartime operation are designed
to a more austere standard. A staging base costs about 40 per cent as much as a
rotational base, while a wartime operating base cost is intermediate. Figures 64
and 65 show two types of staging bases.

Costs of construction vary widely among base regions, depending on the
existence of a construction industry, supply of labor, port and transportation
facilities, climate, and terrain. These costs vary from 120 to 400 per cent of ZI
costs as shown in Table 33 (page 200). In addition, there is a wide difference
among base areas in the facilities already in existence upon which we can build.
And, in general, there is a correlation between a high inheritance of facilities .
“free” and low costs of construction for a given base area. The United Kingdom
and Japan are the most noteworthy in this regard. For example, the total cost of
improving 10 United Kingdom bases to suitable standards approximately
equals the cost of one base constructed in Alaska or Iceland.

Personnel, Equipment, Stocks, and Theater Support

After our forces deploy overseas, they must have available for use: vehicles;
housekeeping, communications, maintenance, photographic, medical, and
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Table 31

ADDITIONAL COST OF B-47 OVERSEAS OPERATIONS®
(Costs in millions of dollars)

French United Northema } Labrador-
Morocco Kingdom Greenland Alsska Icelend Japan Newfoundls
Initial ] Annusl] Initisl | Annual | Initial | Annual { Initisl | Annual ] Initisl | Annual | laitisl | Annusl § Initial | Annusl

Iastallations

Construction 68.0 ) ....1 300} .... |2300% .... ] 900}] .... Jusof....|] 6] .... J130} ....

Maintensnce  f..... 34 |..... 29 {.....] 123 }..... 43 {..... 36 {..... 27 |..... 3.7
Minor equipment

Organizstional 27 0.2 7 0.2 37 0.3 37 03 2.7 0.2 27 0.2 27 0.2

Ground radas 0.6 0.1 0.6 0.3 0.6 o1 06] o041 0.6 0.1 06 0.1 0.6 6.1
Stocks .

Initial 20 20} . 4934 .... 33 20} .... 01 .... 0] ....

Resdiness seserve [PUPOR E I IO I . veres YT YT Y B

Spares 149 148 2961 .... 18.1 48] .... 1681 .... 4 ....
Transportation [ %] 01 04 0.1 04 04 0.2 0.2 0.1 0.8 [ %] 0.1 0.1 o1
Personnel

Trsining 1.3 04 1.3 0.4 6 1.7 68 1.7 1.3 04 1.3 04 | B 04

Payandallowances | ..... Ly |..... | 16 2 S 36 |..... 70 §..... | 15 2N N 1.3 §..... 1.3

Travel 0.1 0.1 0.1 0.1 03 03 0.2 0.2 0.t 0.3 01 0.1 0.1 0.1
Service and miscellancous | ..., o4 §..... o4 {..... o8 {..... eé ver 04 {..... od {..... o4
Intermediate commands [ ..... 10 ]..... 10 |..... 10 }..... 1.0 . 10 ]..... 10 |..... 10
Thester support 2.7 29 %9 9.7 843 | 142 488 ] 124 48.7 | 107 8.1 9.6 266 74
Aidlift 3t.0 80 310 80 310 80 e 20 Nno 20 35no a0 133 40
ToraL 1933 | 230 | 1423 | 244 [409.7 | 423 (1929 319 [ 143 ] 281 ;1407 F 240 [1739 | 209
Cost pes bomber 3.4 06 3.2 0.3 9.1 09 4) 0.7 49 0.6 5.2 03 39 03
Additiona] three-year cost

per bomber 3.4 48 11.9¢ 6.4 6.7 4 3
. ‘TovAtL Tunss-vaas Cost .

(ZI and oversens) 149 146 0.7 16.2 16.3 146 1310

*Excluding costs of en route beses and tanker systems.

OThis is s published initial

additionsl $100 million.

¢If the higher installation cost is taken into sccount, the 3-year cost per opersting bomber will rise to $14.1 million.

te. Recent classified information Indicsted that to give this base capability as an operating base would cost sa
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Toble 32

FACILITIES COSTS FOR OVERSEAS MEDIUM BOMBER AIR BASES

(In millions of dollars, ZI prices)

" Refueling Bases
Wartime .
Rotational | Operating | 1 Runway, 1 Runway, | 2 Ruaways,
Base®— | Base?— |Underground | Dispersed | Underground
1 Ruaway | 1 Runway Fuel Fuel Fuel
Airfield pavements
Runway 291 291 291 29 382
Taxiway 1.39 1.39 1.39 1.39 2.78
Aprons 6.59 3.84 1.98 1.98 2.58
TOTAL ceccvnenane essesael 10.80 8.14 6.28 6.28 11.18
Fuel storage and distribution '
Bulk fuel storage 0.74 0.30 444 1.14 444
Hydrants and operating storage 2.02 2.02 2.76 2,76 2.76
Miscellaneous POL 0.03 . 0.01 0.02 0.02 0.02
ToTAL ...... ceeecceceess] 279 233 7.22 3.92 7.22
" Communications, Nav Aids, and A :
airfield lighting 0.93 0.85 0.60 0.60 0.60
Operational facilities 1.34 0.82 0.22 0.22 0.22
Aircraft maintenance facilities 6.19 $31 ] ceeee ] eieee ] eeee.
Training facilities 0.69 047 | e | eeeee | ...,
Troop housing 5.59 4.78 0.41 0.41 0.41
Familyhousing =~ | ..ooo | civie b eieee ] eevee ] eeenn
Administrative and community
facilities 4.33 3.11 0.16 0.16 0.16
Utilities 3.34 291 1.19 1.19 1.19
Medical facilities 1.92 1.92 0.16 0.16 0.16
Storage facilities 1.75 1.85 008 0.08 0.08
Shops 0.52 091 0.02 0.02 0.02
TortAL Cost AT ZI Prices ..! 40.20 33.40 16.36 13.06 21.26
Overseas Cosr (1.5 X ZI .
~ cost) (North Africa) ....| 60.30 50.10 24.60 19.60 36.90

8 As shown in USAF Installations Facility Requirements, 2d rev, April, 1952, Directorate of

Installations, HQUSAF.

" bAs shown in USAF Installations Facility Requirements, 3d rev, February, 1953, Directorate of

Installations, HqQUSAF.
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Fig. 64—0One-runway refueling base {POL storage underground)

administrative equipment; and stocks of fuel, aircraft spares, oxygen, ammuni-
tion, rations, assist take-off units, chaff, etc. Not all this equipment need be
duplicated on overseas bases, and the Air Force both pre-positions material
overseas (Project Seaweed) and airlifts unit essential equipment and flying
kits from ZI bases. In addition to these immediate requirements, which must
be met on D-day, there is need for a continuing resupply throughout the cam-
paign as flying kits and base supplies are exhausted. This necessity is being
met by the establishment of depot stocks overseas and by plans for the contin-
uation of airlift from the ZI. The support of the resupply activity has led to
the development of theater depots. Other theater-supporting units include
Aviation Field Depot Squadrons; Globecom units; Air Rescue and Air Weather
Squadrons; medical, port pipeline, and transportation units; etc. An estimated
70,000 men, in addition to wing personnel, are required for the support of
SAC overseas operations. The total initial cost per wing of the additional
overseas base equipment and stocks and of facilities, personnel, equipment, and
supplies for supporting units comes to $50.8 million, or 21 per cent of the ZI
B-47 system xmtxal cost.
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Fig. 65—Two-runway refueling base (POL storage underground)
Airlift
The deployment of a B-47 wing with air-refueling squadron means air-
lifting 621,000 Ib of material and 2297 persons in three air echelons. Although
unit aircraft provide most of this airlift, the first air echelon transport require-
ments (E to E 4 5) is for 13 C-54 equivalent aircraft. This rises to 29 C-54
equivalent for the second air echelon (normally on E + 5 to E + 7). The con-
tinuing airlift requirement, largely aircraft engines, may occupy approximately
10 C-54 equivalent aircraft. However, if it is desired to operate for an indefi-
nite period of time from overseas bases, as was contemplated under the
formerly programmed system, and to operate under circumstances which make
surface transport difficult, a continuing airlift requirement of 26 C-54 equiva-
lents might be - generated. This requirement would exclude air transport of
POL, rations, and ammunition. The magnitude of the total SAC airlift require-

ment is indicated by the fact that the deployment of 4 heavy- and 20 medium-
bomber and reconnaissance wings and 5 strategic fighter wings would require
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Atlantic
Azores . ... ...,

Caribbean Area
Bahama Islands ....................
Canal Zone .............uuinnn.

Mediterranean and North African Area
Mediterrancan Area (general) ........
French Morocco (general) ...........
Liberia, Africa .....................

Ceyloa ..........ccooiiiiiiii..

Denmark .........................

Table 33

DEPARTMENT OF DEFENSE
CONSTRUCTION COST INDICES—OQOVERSEAS CONSTRUCTION
April 1, 1952

Pacific

Admiralty Islands—Manus ...........

Alaska
Anchorage Area—Elmendorf .......
Adak ... ... ...

Fairbanks Area—Eilson and Ladd ...

Kodiak .........................

North of Alaska Range except
Fairbanks Area .................

Hawaii ...........................
Japan ... ..
Johaston Island ....................
Marcus Island ........... PO
Marianas Islands—Guam, Saipan,

and Tinian ....................
Marshall Islands—Eniwetok,

Kwajalein, and Majuro . ...... e
Midway ..........................

Palmyra ..........................

Samoa Islands—Tutuila .............
Wake Island ......................

the use of a// Military Air Transport Service (MATS) aircraft. After a period
of weeks, some 300 C-54 equivalents from the Civil Air Fleet could be made
available, but MATS and Strategic Support aircraft would have to support
initial deployment. Although the cost of the airlift support received by SAC
is reduced by the peacetime services performed by MATS, it nevertheless adds
12 per cent to the basic ZI 3-year systems costs.

En Route Bases

The movement overseas, simultaneously, of up to 2400 bombers, tankers,
fighters, and transports generates a heavy traffic load on those intermediate
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bases used for fueling and crew rest between home and overseas bases. In
deploying from the ZI to our scheduled forward operating bases, B-47’s land
an average of 0.7 times; and transports, 3.0 times. This traffic saturates the
limited en route base facilities available and leads to slow deployment over-
seas, the arrival of medium bombers at overseas bases being spread over a time
period as long as 3 days. While, as presently scheduled, en route bases add
little to overseas costs of operation, the indirect effect of this systems com-
ponent, through increased vulnerability of the striking force prior to the first
strike, appears to be of considerable significance. -

Active Defenses

So far we have dealt with the direct operating and support costs overseas.
However, our overseas base system is to be defended by radar, antiaircraft
artillery, fighters, and ground forces. Not all the defenses deployed in SAC
base areas are intended for strategic base defense, and there is considerable
“free” defense obtained in the United Kingdom, Japan, and Alaska, just as
in the ZI. Nevertheless, many of the defenses located overseas can be charged
to SAC. The estimated 3-year cost of defense weapons programmed for over-
seas strategic base defense comes to approximately $2 billion.

INTERMEDIATE OVERSEAS OPERATING BASES

There are other alternatives than the extreme ones of locating bombers either
on advanced bases or back in the ZI. Intermediate locations might be expected
to have some of the advantages of decreasing our own mission distance, as
compared with that of ZI bases, and of decreasing our ground vulnerability,
as compared with that of advanced bases. In the expansion, since 1950, of the
overseas strategic base structure, there has been a pronounced tendency to
develop base areas more remote from the Soviet Union than are the United
Kingdom and Japan. French Morocco, Spain, Libya, and Iceland, unlike the
United Kingdom and Japan, are beyond the combat radius of SU jet light
bombers, although well within unrefueled TU-4 radius. Intermediate areas
that might be expected to show a clearer difference are those beyond unrefueled
TU-4 radius. Two intermediate base systems meeting this condition are (1) a
system of operating bases confined solely to the North American continent,
and (2) a system of operating bases around the periphery of the Soviet Union.
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North American Bases

The usable base area in North America, north of the ZI, beyond unrefueled
TU-4 radius is confined to Labrador, Newfoundland, and, possibly, the south-
west coast of Greenland. Operation from this region would reduce mission -
length by 500 to 1200 n mi as compared with operation from Limestone. The
effect of this reduction in mission length on tanker requirements per operating
bomber is shown in Table 34. Along direct minimum-tanker routes, there is
a significant reduction in tanker ratios as compared with ZI basing; but the
reduction along more desirable minimum-penetration paths is slight, since
operation from farther north does not benefit those aircraft approaching-the
Soviet Union from the south. (It should be noted that it is not possible to
shorten significantly mission distances against most Eastern Siberian targets
and meet the constraint of remaining beyond TU-4 unrefueled radius. Fair-
child AFB itself is barely beyond TU-4 radius.) Moreover, the slight reduction
effected in the number of tankers along minimum-penetration paths is more
than offset by the increased cost of operating the tankers overseas as compared
with operating them from the ZI; and even the more sizeable quantitative
reduction effected for the more direct paths is almost obliterated by the higher
cost of tanker operations overseas.

The cost of operation from the Labrador-Newfoundland area is presented
in Table 31, page 196. As compared with most other overseas locations, we
find that base costs ate much higher; stocks and aircraft costs, lower. The.
total addition to ZI Force costs, excluding defenses, is approximately the same
as for advanced overseas areas. However, the inheritance of bases we could
obtain is small here in comparison with that in other overseas areas. Only
‘Goose Bay, Harmon, Argentia, Pepperell, and a few other smaller bases exist
as a nucleus for the build-up of an extensive base complex.

A Peripheral, Intermediate Base System

Moving back beyond SU medium-bomber radius would mean using existing
bases and developing others in the ZI, Labrador, Newfoundland, the Azores,
Central Africa, the Indian Peninsula, and the Pacific. Operation around the

T T
periphery of the Soviet Union, even from such remote locations, would permit
relatively dir utes to tar with substantially reduced tanker require-
ments, as compared with operation from a system of North American bases
alone (see Table 34). However, this intermediate system, like the previous
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Table 34
COMPARATIVE COSTS OF ALTERNATIVE OPERATING-BASE SYSTEMS

(New three-year costs in millions of dollars)

North Americs,
Central Africa, Advanced
Zone of Interior North America Pacific Overseas
Minimum- Minimum- Minimum- Minimum- Minimum- Minimum-
penetration tanker penetration tanker penetration penetration
Routes Routes Routcs Routes Routes Routes
B-36-type] KC-97 |B-36-type} KC-97 | B-36-type] KC-97 {B-36-type| KC-97 KC-97 B-36-type| KC-97
Tanker |Tanker| Tanker | Tanker] Tanker |Tanker| Tanker }Tanker Tanker Tanker |Tanker
Average tanker-bomber ratio 2.2 0.55 13 1.1 1.5 1.2 0.31 1.8 1.7 0.03 0.2
Cost per tankers 135 45 13.3 64 2195 9.0 219 9.0 9.0 219 7.1
Radius extension cost per bomberd 329 253 430 229 15.3 2.1
B-47 cost 10.5 10.3 15.1 15.1 15.1 16.3
TorAL BoMBER AND TANKER
SystEMs CosT 434 338 38.1 38.0 304 18.6

¢Iacludes the cost of operating the tankers in the ZI and of providing a capability for operating them outside the ZI where required.
dIncludes the additional cost of providing a capability for operating the bombers outside the ZI and the cost of en route and staging bases.
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one, would have a small inheritance to build on. And the extent to which
vulnerability would be reduced has to be carefully assessed.

OVERSEAS REFUELING-BASE SYSTEMS

This method of operation for both medium and heavy bombers is essentially
an extension of the method adopted by SAC, in an even earlier period of lesser
Soviet danger, for the operation of its heavy bombers at intercontinental dis-
tances and for its medium bombers from some overseas bases. More recently,
~ to meet the danger of increasing SU offensive capability, this extension of the
method to medium bombers has been adopted. It makes use of minimal forward
bases, rapid refueling of aircraft, and control and maintenance teams. An over-
seas refueling base adds 14 per cent (excluding tanker costs, defense costs, and
ground attrition) to the cost of buying and operating bombers in the ZI. This
increment is to be contrasted with the 59 per cent or more additional cost of
having an overseas operating base system. The latter costs include the expense -
of a minimal number of en route bases determined by traffic, but exclude con-
sideration of the costs of defense and ground attrition (see Tables 35, below,
and 31, page 196). ' '

The primary function of the refueling base is to provide fuel for aircraft

Table 35
ADDITIONAL COSTS OF B-47 STAGING OVERSEAS
(In millions of dollars)

Initial Annuasl
Installations 24.6 1.2
Equipment and stocks 3.0 .
Runway repair equipment 0.8
Personnel
Training 0.3 0.1
Pay and allowances ceee 0.3
Theatre support 5.8 26
Airlift 7.0 20
TotAL 41.5 6.2
Cost per bomber 0.92 0.14
THREE-YEAR CosT PER BOMBER 1.35
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within a restricted period of time. It may be thought of as a tanker performing
at minimum altitude. Other functions which may be performed as matters of
necessity or convenience are crew rest or exchange, briefing, feeding, and inter-
rogation; aircraft inspections, servicing and decontamination, minor mainten-
ance and repair; bomb replacement; and medical aid. However, it is the essence

- of the refueling-base method that both the extent and duration of the fore-

going functions are explicitly constrained by the expectation of enemy attack.
These functions generate requirements for facilities, personnel equipment, and
strategic support as follows:

Installations

Table 32 (page 197) presents facilities and costs for three alternate refueling
bases which are designed to handle simultaneously the available aircraft (two-
thirds) of a wing of 45 B-47 bombers and 20 KC-97 tankers or a wing of
30 B-36 or B-52 bombers. On each base, the major costs are for airfield
pavements and fuel systems. These make up about 85 per cent of total base cost.
And while the functions performed on these bases are few, the facilities pro-
vided for these functions are not. In particular, extensive fueling facilities
have been installed in order that bombers can be staged through rapidly. Costs
given include passive defense measures described in detail in the section entitled
*“Base to Border: The Effect of Base Vulnerability,” page 225. Facilities pre-
sented do not include provisions for tenant missions often located on overseas
strategic bases; but, neither do they take account of the possible economies of
using bases developed principally for purposes other than SAC's.

Base Equipment and Stocks

The equipment and stock item includes a medium-bomber reconnaissance
half-Station Set of the type presently being allocated to staging bases, aug-
mented to permit more rapid servicing and maintenance of aircraft; a House-
keeping Set for the base complement; and fuel and other stocks. There is, in
addition, a considerably enlarged list of heavy construction equipment for
runway repair. The effect on recuperation time of this augmentation is shown
in Table 48 on page 330. The major item of supply stored on base is fuel.
Stocks of oxygen, carbon dioxide, and assist take-off units are also included. .

Base Requirements

Figure G6a (page 210f) shows occupancy patterns at refueling bases for a case
which places the maximum load on bases, crew, the number of landings and
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take-offs, and coordination and control facilities. This is a case in which—

1. B-47's are required to strike every type of SU target.

2. An impact tactic employing all aircraft is used (29 wings).

3. All target regions in the USSR—including areas such as the Far East
and northwest USSR, whose defenses are relatively independent—are
penetrated simultaneously.

4. Base use has been constrained on grounds of vulnerability by limits
placed on the number of aircraft occupying the base simultaneously
(30 aircraft), and by limits placed on the duration of the period of
occupancy, according to proximity to enemy striking power (2 to
16 hr).

By using the range-extended B47E, which will in any case be phased into the
force, by assigning the long missions to the heavy bombers, by following a
reserve strike tactic, and by employing regional saturation strike patterns of
the kind described in the section entitled “Bases, Targets, and Penetration
Paths,” page 135, the loads shown can be drastically reduced. This would affect
the abort rate, the crew fatigue problem, etc., as shown below. It would also
reduce the number of bases and tankers required and other costs associated with
the refueling operation. Some other occupancy patterns are presented in the
section entitled “Base to Border: The Effect of Base Vulnerability,” pagc 225.

Meblle Control and Maintenance Teams
The functions of SAC staging teams are as follows:*

(1) Control Elements—.Command and control in accordance with SAC
Reg. 55-16; weather, route, and intelligence briefing: Interrogation; Intelli.
gence and Operations reporting.

(2) Maintenance Elements—. Specia.lizcd inspection and maintenance of
aircraft, incuding limited emergency repair of battlc damage; radiological
decontamination of aircraft and matériel.

(3) Medical Elements—.Emergency medical care of crews of staging air-
craft and of staging team personnel.

(4) Service Elements—. Assistance, as necessary, to base complements in
handling increased work load in messing, motor transport, munitions
handling, refueling and crash rescue, and security functions.

The Strategic Air Command has developed three teams to provide specialized
staging support: Control and En Route Maintenance Teams (C and EMT's)

*SAC Mobility Planners Guide, SAC Manual 400-1, HySAC, p. IVA-1.
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for prestrike staging; Control and Maintenance Task Forces (C and MTF's)
for poststrike staging; and Advance Echelons (ADVON's) for turn-around
staging. These teams are designed to complete staging service within 24 hr for
C and MTF's and C and EMT's and within 48 hr for ADVON's. ,

On vulnerability grounds, it appears that short periods of forward-base
occupancy are essential. Within these safe periods—from 3 to 16 hr, depending
on location—at least the functions of land, fueling, and take-off occur. Few-
maintenance functions can be performed within these short periods. In general,
it appears better to accept a higher abort rate on overseas bases through reduced
maintenance than to risk the destruction of a large part of the strategic force.
The components requiring repair should be largely nonelectronic in character,
since the K-bombing systems responsible for most aborts will not have to be
operated on this leg of the mission. However, every attempt should be made to
reduce aborts on forward bases by performing maintenance and repair functions
within these restricted occupancy periods. In fact, it appears that B47 and B-52
aborts on prestrike bases will be low. We distinguish between those aborts
normally associated with combat missions: those occurring through a large
increase in mission length, and those produced by the landing and take-off of

* aircraft. When we increase mission length by operating from the ZI as com-

pared with operating from overseas bases, aborts, chiefly from engine failure,
increase by about 3 per cent. With each landing and take-off, additional aborts
occur. A total of 10 per cent additional aborts for each prestrike landing has
been assumed in the campaign comparison. To be explicit, it had been assumed
that 15 per cent of those taking off aborted before the first landing, 10 per cent
of those remaining aborted at the first refueling stop, and, if there were 2
second refueling, that 10 per cent of this reduced force aborted there. It appears
on the basis of the information available that this is a pessimistic estimate. The
function of the En Route Maintenance Team is to prepare for combat all air-
craft that can be readied within the short time available, and to prepare only
for flight back to home base the remaining few aircraft.

The function of poststrike maintenance teams is to get aircraft off base as
quickly as possible. Short periods of occupancy are as important as on prestrike
bases. Some aircraft will have extensive battle damage beyond the capability
of the C and MTF to repaii quickly, if at all; and, for seriously damaged air-
craft, it appears that mobile depot repair teams airlifted from overseas or ZI
depots should be used. The most seriously damaged aircraft will be used as a
source of aircraft parts through cannibalization. On poststrike bases the peak
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traffic load will be lower than that experienced on prestrike bases, since, in
general, bombers will be returning in a stream, first from shallow targets and
then from deep ones (see Fig. 664). This reduction in peak traffic load signifi-
cantly reduces the maximum exposure of the strike force to attack on post-
strike bases. '

Personnel

Crews. Missions mounted from ZI bases are, on the average, about 2.2 times
as long as missions from programmed overseas bases. This increase in mission
flight time introduces serious problems of crew fatigue, especially in the B45
with its restricted crew space. These difficulties are characteristic of all inter-
continental missions with manned aircraft. They are, of course, more difficult
to solve in the case of such missions as have no ground stops, whether we use
single-stage or air-refueled bombers. In any event, it appears that crew fatigue
is a serious problem. And since it seems that bombing effectiveness is closely
correlated with crew fatigue, it is important to have the final step in the long
sequence of the build-up and operation of the bombing system performed
efficiently. At present, the length of the period of occupancy of en route and
prestrike bases is determined partly by the need for crew rest. In the future,
requirements for short periods of bomber occupancy will, in general, not permit
this function to be carried out after the arrival of bombers on forward bases.
Two alternatives have been examined: (1) the elimination of crew rest for the
shorter missions from ZI bases; and (2) provisions for exchanging crews at
prestrike or poststrike bases.

In the campaigns examined, 25 per cent of the sorties against the industrial-
target system involve flight times of 16 hr or less to target in a B-47 or B-52,
with an additional 20 hr back to base (see Fig. 6656, pages 212-214). An addi-
tional 4 hr, on the average, is spent on a prestrike base. On the basis of present
SAC mission lengths, it may be possible to operate missions from the northeast-
ern part of the ZI through the United Kingdom without an extended prestrike
stop for crew rest. Most crews, however, fly missions averaging 20 hr of flight
to target, 26 hr back to poststrike bases, and 40 hr of flying round trip. Not ail
en route stops are in areas accessible to rapid Soviet attack; periods of occupancy
permitting crew rest are possible on ZI en route bases and also on bases in
Labrador, Newfoundland, the Azores, Hawaii, Guam, and, to a lesser extent,
French Morocco (see Table 45, page 319). On long missions where sufficient
crew rest is not possible, the airlifting of combat crews to prestrike bases in
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transports or tanker aircraft along with the C & EMT in time for rest, feeding,
and briefing before the arrival of bombers brought in by ferry crews would
permit bombers to be quickly fueled, serviced, and mounted on strike with
combat crews rested. In this connection we considered the possible use of fast
transports to reduce the deployment time of combat crews to forward bases.
The use of this type of aircraft for ferrying crews reduces ferry time from an
average of 25 hr to approximately 14 hr. This reduction permits crews to be
retained on home base longer for final training, changes in routes, etc. A ratio
of 1.5 crews per bomber, availability of approximately 70 per cent, and the
withholding of some units in reserve make available sufficient ferry crews for
those missions involving crew exchange.

Base Complement. Table 36 presents the permanent base complement for
the refueling bases examined. The cost of training and support for this
complement is included in total refueling-bases systems cost (see Table 35).
This team includes a large damage-repair team for runway repair and base

decontamination.
Table 36
REFUELING-BASE COMPLEMENT

Officers Airmen . Total

Command and administrative 2 5 -7

Base operations .. 3 3

Installations . 1 53 54

AACS and GCA .. 11 11

Ground communications 1 18 19
Supply .e 20 20 -

Food service .. . 5

Motor vehicle .. é é

Air police .- 20 20

Medical 1 3 4

ToTAL b 144 149

Bomb Storage

From the standpoint of vulnerability, political desirability, and cost, the
storage and loading of bombs within the ZI is indicated for the ground-
refueling system. The overseas bomb storage and loading function would
presumably be reduced to that of providing a few spares for failures detected
en route.
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Fig. 66a—Refueling-base occupancy (29 wings, simultaneous
penetration, all-region strike)
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Airlift

Airlift requirements under the staging method of operations are greatly
reduced from the requirements for the deployment and continued support of
overseas operating bases. Most of the airlift requirements could be met by the
use of unit tankers. Only spare aircraft engines (unless these were prestocked
in small quantities on forward bases), spare bombs, mobile depot teams, and,
possibly, exchange crews would be carried in transports. Excluding depot teams,
there is a requirement of 3 C-54 equivalent transports, a reduction of 75 per
cent in MATS support. This reduction in MATS requirement renders SAC
much less dependent on support from other commands.

Communications

Whether the ground-refueling system will have a larger or a smaller require-
ment for communications facilities than an overseas operating base system is
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Fig. 66b—Wing combat-mission times (29 wings, simultaneous
penetration, all-region strike)
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not clear at this writing. Several considerations suggest the possibility of an
actual reduction. The smaller number of MATS support aircraft involved in
the operation, the likelihood that it will be necessary to' maintain radio silence
in flights from the ZI to the staging bases, and the fact that many of the post-
strike and other communication reports will be flown to the ZI in tactical air-
craft all tend to reduce the requirements.

In any case, if the presently planned communications facilities will suffice
for the ground-refueled system, then marginal differences between that system
and the operating base system appear to be of minor importance.

A swift review of this problem confxrms the belief that the planned facilities
will be adequate.*

Under formerly programmed systems, the essence of the SAC communi-
cations problem was the transmission of SAC messages between the ZI and |
overseas. Strategic Air Command messages are transmitted over the USAF
W, which has twelve trans-Atlantic circuits, each of which
is capable of transmitting at 57,000 groups per day (one group consists of
five characters). Of these twelve circuits, three are normally allocated to SAC
for its exclusive use. One of these runs between the ZI and the United Kingdom,
another between the United Kingdom and North Africa, and the third between
the ZI and Fontainebleau, France, to SAC Zebra. During command-post exer-

* We are indebted for this review to R. L. Belzer and J. F.‘Digby, of The rRaND Corporation, and
to Maj. B. R. Rile and Maj. G. L. Canastrari, of the Directorate of Communications, HqUSAF.
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cises, SAC has allocated an additional four circuits, two of which run to the
United Kingdom from the ZI, and the other two of which run to North Africa.
This normal allocation and the exercise allocation have been made because of
SAC’s operational requirement for speedy transmission of messages. It should
be noted that none of these circuits are normally utilized by SAC to their full
capacity, but under the circumstances this is perhaps not relevant. In FY 1955
the number of trans-Atlantic circuits in the USAF communications network
will have been increased to 24. This number will reach 36 in FY 1957. This
does not include several other cable circuits which can be obtained through
commercial sources in the event of an emergency.

The most important point in regard to feasibility is not the traffic-handling
capacity of these circuits or the actual USAF systems requirements, since the
communications network will be adequate to supply amply the anticipated
requirements; it is rather that SAC, in the future, just as at the present time,
has first priority in the use of USAF communications systems. That is to say,
it is recognized that the SAC mission is perhaps the most important mission;

- and SAC’s communications requirements would be satisfied first in the event

of an emergency, even though this might be at the expense of the communi-
cations requirements of other commands. It therefore seems that the only
deficiency in the communications system which could obtain would be possibly
in the case in which SAC might utilize refueling bases where communications
facilities are neither available now nor programmed to be available in the
future. Even in this case, messages could be sent using mobile transmitters
which are contained in the Seaweed kit. Inasmuch as the bases which would be
used with the ground-refueling system would be those which have been pro-
grammed for use either as staging bases or operating bases under the 120-wing
fiscal 1956 program, the programmed communications system would contain
communications facilities at these locations.

SORTIE RATES AND MISSION LENGTH

As the length of combat missions increases, aircraft either spend more time
in the air or the number of sorties flown in a given period decreases. Since the
amount of time aircraft can spend in the air is clearly limited, although the
upper limit practicable may be difficult of determination, large increases in
mission length should be expected to result in substantial decreases in sorties
flown per unit time. This effect is extremely important to consider in develop-
ing an overseas operating base system for use in a war in which both sides are
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severely limited in atomic capabilities. Under such circumstances, high sortie
rates per aircraft from forward bases mean the destruction of a given target
system in a shorter time than from more remote bases, and this effect is
extremely important in high-explosive bombing, which requires the cumulation
of damage delivered by a large number of sorties. However, the significance
of 'sortie rates in the 1956-1961 period in the context of a two-sided atomic
campaign will be rather different from what it was in earlier periods. Two
questions are -

1. What sortie rates are we likely to obtain from different systems?
2. What is the meaning of sortie-rate differences?

In particular we are concerned with differences between overseas operations
and missions conducted at intercontinental distances, whether air- or ground- -
refueled. |

Sortie rates attained by a force of bombers using a given base system are
~ determined by (1) maintenance facilities, personnel, and equipment available;
(2) the availability of base supplies and of theater resupply; (3) aircraft battle
damage; (4) crew recuperability as determined by fatigue and training on new
targets; and (5) time for reconnaissance and assembly of target information,
and planning and coordination of attacks. These combine to constrain medium-
bomber sorties to a planned level of four to seven per month from overseas
bases. And many of these constraints are independent of mission distance.
Which of them dominate will depend on variable campaign conditions.

The total sorties obtained from forward operating bases per unit of time
will be sharply reduced by ground attrition and damage of aircraft, maintenance
facilities, personnel and supplies, and forward bases. Depots and other seg-
ments of the logistics pipeline may be expected to suffer analogous attrition
and damage. A tactic of reserving part of the force in the ZI to keep it from
being attrited will reduce the sortie rate.

And apart from overseas ground attrition and the prospect of such critical
risks as radiological contamination, SAC has found in the past that the combat
effectiveness of units on rotation has fallen off, through inadequate mainten-
ance, and, in particular, that overseas operation of the B-36 would require the
establishment throughout ‘the world of facilities comparable to those at Fort
Worth. While newer aircraft types are easier to maintain, and overseas stocks
are being built up, there will probably remain a substantial difference in main-
tenance effectiveness between overseas and ZI bases. Recent budget cuts of
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overseas facilities have been taken in good part out of maintenance and supply
facilities. Current B-52 planning factors recognize constraints on aircraft utili-
zation from forward bases, and four sorties per month per aircraft are estimated
from either ZI or overseas bases.* This means 146 flying hours. per month from
ZI bases and 54 from overseas bases.

In the case of the B-52, at intercontinental distances, no decrease in sortie
rate and a tripling in flying hours per aircraft adds to logistics-support require-
ments—ground-attrition considerations aside. However, not all support require-
ments are related to flying hours; many are related to the number of sorties
flown. Aircraft battle damage is perhaps most apparent in the category, and,
so far as it is concerned, large increases in mission distance up to the point of
entry of enemy defenses may have much less effect on sortie rates than small
increases after entry. Preflight and postflight inspections, tire wear, and even
~ engine failures are closely related to the number of sorties flown, rather than
accumulated flying hours. However, two major items of supply are consumed
on a flying-hour basis: overhaul of engines, and fuel. Requirements for these
items in the support of overseas versus intercontinental operations are highly
dependent on aircraft air- and ground-attrition rates in relation to the loss of
engines in depots and of fuel stocks. Logistics requirements should be based
on assumptions which insure that we shall be able to operate on a larger scale,
if the enemy fails to produce the expected ground attrition, and more engines
and fuel should be allowed for intercontinental operations. The foregoing
comments qualify the probability of any distinct increase in sortie rates with
proximity. Some gross quantitative tests of the ground attrition and the denial
factor affecting strike rates for various base systems are indicated in the section
entitled “Base to Border: The Effect of Base Vulnerability,” page 225. They
make clear that for some enemy attack levels the operating base system is at a
disadvantage.

But what are the advantages and disadvantages of a somewhat higher sortie
rate in an atomic strategic-bombing campaign? From the standpoint of restrict-
ing enemy industrial production, there is little difference in destroying an
industry-target system within a period of one month or two. Nor are the time
differences great enough to affect industrial recuperability. And of course all
sortie-rate differences disappear in the unlikely event that the enemy collapses
with our first strike. With other targets, counter air and retardation, attack

* Wartime Planning Factors Manual, April, 1953, rev.,, Director of Management Analysis,
DCS/Comptroller, HQUSAF. . .
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timing with a high early rate of destruction, is important. Moreover, speed
of attack as well as high over-all rates of attack may be critical. However, with
our present state of knowledge of the location and vulnerability of the Soviet
strategic force, it appears that requirements for destroying this target system
will not have a major effect on base decisions.

This point is examined in Part III, which presents the results of some
joint Bravo and Delta campaigns. As a possible substitute for the rotation
of aircraft to vulnerable overseas bases during peacetime for the rapid delivery
of bombs to urgent targets, some consideration has been given to the basing of
wings on certain peripheral ZI bases at a high state of alert, ready for immedi-
ate attack on D-day. A B-47 wing based at Limestone, and with bombs at hand,
would be only 6 hours’ flying time from the United Kingdom base on which
it would normally be stationed on rotation. And if the attack of the rotation
unit were delayed by the delivery of bomb cores by C-124 aircraft flying from
the ZI at 200 knots, a2 wing based at Limestone would have bombs on target
~ before one on rotation in the United Kingdom.

Strategic bombing with high explosive presents a different picture.- The
objective is the delivery of large bomb tonnages; damage accumulates slowly,
‘and recuperation may be rapid. This type of operation is analogous to the air
transportation of high-density, low-value cargo. High force efficiency is
obtained by reducing mission length and increasing bomb loads and visits per
unit time. Clearly, overseas operating bases are required. The initial contribution
of SAC to the Korean War was greatly increased by the availability of bases

in the Far East. We must be prepared for similar actions in the future and any
 type of overseas bases, operating or refueling, are assets of value in this type
of action. Refueling bases as well as operating bases provide long lead time
items—pavements, fuel storage and distribution systems, and utilities—from
which operations could be mounted in a peripheral war and to which further
facilities could be added as needed. It does not appear profitable to build
extensive operating base facilities worldwide in peacetime in anticipation of
peripheral actions which might break out at a wide number of points through-
out the world. ‘

~The strategic campaign may conclude with the use of high-explosive bombs.
This possibility is entertained in Part I If there were such a later phase of
the campaign (after the destruction of the Soviet bombing force or the exhaus-
tion of its stockpile of bombs), we should want to move bombers overseas.
However, the likelihood that our stockpile of A-bombs will be exhausted before
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the completion of any substantial part of the strategic job is diminishing to an
insignificant amount. Moreover, the force to be moved overseas will in any
case have been reduced by air and ground attrition. Therefore, not all bases
need to be built to an operating standard in anticipation of such a later phase
of the war. Operating bases already in existence and under construction are
sufficient to base any force we may need overseas for high-explosive bombing.
This case is treated more adequately in Part III in connection with the joint
Bravo and Delta campaigns.

In sum, leaving vulnerability considerations aside, it appears that sortie rates
will be reduced by an amount less than proportional to mission length. When
we include vulnerability considerations, sortie-rate differences may actually be
reversed, since ground damage may reduce sortie rates for surviving aircraft.
However, to determine rate of destruction, even more important than the sortie
rate of individual surviving aircraft is the total number of sorties which the
entire force can mount in a given time period. Given any fixed dollar budget,
this latter quantity depends on how many bombers we can buy with this money
after expenditures on defenses, operating facilities, airlift, matériel stockpiles,
etc. And it depends on how many of these bombers that we buy survive enemy
attack on the ground. Ground attrition and the threat of ground attrition reduce
the total number of sorties that can be flown in a given time period by the
overseas operating base system. The details of how this happens are presented
below in the section entitled “Base to Border: The Effect of Base Vulnerability,”
page 225.

The Delta Mission is not affected sharply by differences in campaign time of
the order of magnitude which we have been discussing. However, since retar-
dation and counter-air targets might have strike timing requirements met only
by overseas operations, and a later high-explosive phase of the campaign might
also require overseas operations, the matter of strike rate and campaign time
will be explored further in Part III. We may anticipate: the majority of the
strategic-force missions can be accomplished in a shorter time by a refueling-
base system than by an overseas operating base system.

CAMPAIGN COMPARISONS

The effect of reduced radius on target and increased logistics cost is com-
bined in the campaign results of Table 37 and Fig. 67. We compare the two
intercontinental systems previously described with three (non-ZI) base systems:
(1) the intermediate base system confined to the North American Continent;
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Table 37

ZI VERSUS OVERSEAS OPERATING BASE SYSTEMS,* EXCLUDING GROUND ATTRITION,

IN B-47 CAMPAIGNS AGAINST INDUSTRY TARGETS

(Three-year cost in billions of dollars)

ZI Operating Bases Overseas Operating Bases
Intermediate Systems
Air- Ground-
refueled refueled North Advanced
System System America Peripheral System
Minimum- Minimum- . Minimum- Minimum- Minimum-
penetration tanker tanker penetration tanker
Routes Routes Routes Routes Routes
Tactic Reserve Impact Reserve Reserve Rescrve
Number of strikes 6 3 5 5 4
Number of B-47's in operating force - 708 1230 957 698 754
Number of B-47's in reserve for air
attrition 892 0 1024 679 603
Total number of B-47's 1600 1230 1981 13717 1357
Number of B-36-type tankers 13350 43 325 0 26
Number of KC-97's 390 234 1690 1190 143
New cost of bomber force 15.7 121 19.4 13.5 13.3
~ New cost of radius extension® 239 3.3 269 14.6 6.6
NEw Cost oF COMPLETE SYSTEM 39.6 154 46.3 28.1 199
Inheritance 4.1 3 4.1 4.1 33
INcrREMENTAL CoST OF COMPLETE
SYSTEM 35.5 119 44.2 240 16.4

a Defense Distribution 111,

VIncludes en route bases, refueling bases, and tanker costs,
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(2) the peripheral intermediate system; and (3) a system of forward operating
bases which corresponds approximately to our formerly programmed system of
overseas operating and staging bases.

When we move from the ZI and closer to Soviet targets, but remain in North
America, there is an increase in total campaign costs. The reduction in tanker
requirements (20 per cent along minimum-tanker routes and 10 per cent along
minimum-penetration routes) is more than offset by increased base-construction
costs, airlift, and the creation of a supporting logistics structure—for tankers as
well as bombers. While proximity to the ZI reduces theater logistics support
requirements as compared with those of advanced overseas bases, and airlift
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distances are much reduced, there is 2 25 per cent increase in total systems cost
as compared with that of the Zl-based air-refueled system. Campaign costs
from the peripheral, intermediate base system are about 70 per cent of ZI air-
refueled and 200 per cent of ZI ground-refueled systems. The advanced oper-
ating base system, which follows a policy of reserve, has a campaign cost about
40 per cent greater than that of the ground-refueled system, which follows the
impact tactic. In the campaign shown, the ground-refueled system maintains a
higher initial rate of destruction than the overseas operating base system, even
assuming that the bombers of the ground-refueled system operate at one-half
the sortie rates of those from advanced bases. Moreover, even given this ques-
tionable assumption on sortie-rate differences, the ground:-refueled system can,
by completing the job in two strikes, finish its task of destruction in the same
time as the advanced operating base system, with only a slight increase in cost.
Even for a two-strike campaign, the costs of the ground-refueled system will
be only 75 per cent of the costs of a four-strike campaign for the advanced
operating base system. |

These campaigns neglect the increased cost of defense on forward bases and
the increased expectation of ground loss which, as we shall see in the next
section, has a dominant effect on base choice.

SUMMARY: THE EFFECTS OF DISTANCE FROM ZI TO BASE

1. The addition of an overseas component to a bombing system is costly. In
particular, overseas location of operating facilities and the associated increase in
stocks and airlift are expensive, even if we neglect the problem of vulnerability.

2. A refueling-base system overseas is distinctly cheaper as far as facilities,
airlift, and stocks are concerned.

The refueling base does involve functions other than the picking up of fuel.
It involves maintenance, for example. However, the purpose of maintenance
in a refueling-base system is only to assist as many planes on to target as it
can within a safe period of occupancy and to get the rest home. The costs of
extra aborts involved in such a policy, as well as the costs of EMT's and C and
MTF's, are included in the campaign analysis, as are the costs of prestocking
and protecting sufficient fuel for an entire atomic campaign.

3. A choice between an overseas operating base system and an interconti-
nental ground-refueling system has distinct consequences for the location of
prestocked material. Therefore this choice must be made long in advance of
the start of any campaign.
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4. The conclusion of the section entitled “‘Bases, Targets, and Penetration
Paths,” page 135, as to the importance of adding bases, in particular, to the
south of Russia is sustained by base loadmg analyses for both the operating-
and refueling-base systems.

5. The comparative cheapness of the refueling-base system is evidenced by
campaign’ analyses. This system has a significant margin of advantage over
overseas operating base systems, even neglecting vulnerability considerations.

6. However, the chief motive for the use of the refueling system is the
reduction of vulnerability in a period of growing Russian capabilities.
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E. Base to Border: The Effect of Base Vulnerability

Up to now we have considered the question of bomber-base operations in the
context of a largely one-sided war in which the enemy has been limited to
defense. Aside from the constraints imposed by defenses the enemy might
employ, we have had the option of choosing base combinations subject chiefly
to aerodynamic, political, and logistics constraints. So far we have made no
quantitative estimate of the costs of mounting strikes in the face of enemy -
attack. This is a critical matter, since the destruction of our strike force is clearly -
a matter of high priority, and it is very likely that the enemy will have the
opportunity for the first attack. The damage suffered by our force on the
ground, and the types and cost of base defense appropriate, varies widely with’
differing base systems. With some defenses, only a small percentage of our
bombers survive to take part in our attacks. In this section we examine defenses
economic for alternative base-aircraft systems and the damage they may be
expected to suffer in spite of these defenses. Here the “survival value” of these
systems is measured in terms of the systems cost per bomber available for use
after enemy attacks. The major alternative base systems examined are the
programmed 1956 system, intermediate and advanced overseas operating base
systems with increased active and passive defenses, and overseas refueling sys-
tems designed to have extremely low vulnerability to enemy attack. In Part III,
the effect of enemy attack on our force, variously based, is studied in combina-
tion with the target radius, penetration, and logistic effects dealt with earlier,
and the joint results are translated into the number of strategic targets killed.

The vulnerability of a strategic base system and measures for its defense can
be separated for the purpose of analysis into the following six categories, which
correspond approximately to the successive time phases of an attack: |

1. The stockpile of aircraft and weapons possessed by the enemy, his
commitments to attack on SAC, and methods of employment of the
force in relation to the size and location of the target system presented
by SAC; 4

2. Expected survival of attacking bombers to the bomb-release line;
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3. The value of the targets presented, as determined by patterns of base
occupancy affecting the exposure of aircraft and other systems elements
at the time of attack;

4. Physical vulnerability of systems elements; and

5. The recuperability of the force after attack, and the effect of damage
to systems elements on the accomplishment of strategic bombing
missions.

SOVIET OFFENSIVE CAPABILITIES AND POSSIBLE
COMMITMENTS TO SAC NEUTRALIZATION

Exlpected increases in the size, performance, and quality of the Soviet Long-
range Air Force over the next few years are paralleled by expected increases in
the number and yield of bombs in the Soviet stockpile of atomic weapons. By
1956, and possibly much earlier, this stockpile and the Soviet delivery capability
will permit a major effort to neutralize a large part of our strategic force during
the first phase of a war. The destruction of a considerable proportion of our
strategic force on the ground will clearly be regarded as an objective of high
priority, for, if our strategic bombing force is permitted to operate without
interference, within a few weeks most major Soviet cities, plants, transportation
centers, and a good many strategic air bases will have been attacked. And the
air defense of the Soviet Union will most certainly be unable to prevent wide-
spread destruction. This is our “deterrent” power. Neutralizing it by air defense
appears to be out of the question; but neutralizing it, or seriously reducing its
effectiveness, by ground attack may be feasible. A large concentration of
bombers on an airfield at the time of attack makes a target which is very much
easier to destroy than are the same bombers in flight over enemy territory. And
SAC will present a number of points of bomber concentration not large in
relation to growing Soviet capabilities for atomic attack in the period 1956
1961 (see Fig. 68). Moreover, the Soviet Union has some clear points of
advantage in an attempt to attrite our offensive capability by air attack. The -
location of our bases, the aircraft assigned to them, their facilities, active de-
fenses, and patterns of base use are not easily concealed in peacetime. And while
we have some choice of bases in the deployment of our bombers and the time of
strikes, limitations in our programmed base structure and the capabilities of our
aircraft restrict the alternatives available.
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A war in this period could start in many ways, some of which would find our m’;
strategic force in action before the first Soviet attack was launched against it. v

i
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type of action, or strategic aobjectives other than SAC ization_might be
. SWW&WWQ we cannot depend on
’ | enemy blunders, and the military advantage of the first atomic strike is so great
that it is probable that the first overt move of a war would be an atomic attack |
against major U.S. targets, including, as a principal objective, the destruction of = |
our offensive striking force. The Japanese chose this alternative in 1941, and the /
Russians certainly would have-as-much. incentive in 1956. Whether or not the
Russians succeed in delivering an initial atomic attack before we do, repeated

attacks can be expected throughout the campaign, especially against our
verseas bases.

p—

Aircraft
The characteristics of major aircraft types of the Soviet Air Force estimated

for 1956 are given in Table 38. Table 39 shows an estimate of the composition
. of the Soviet and Satellite Air Forces. At this date, the TU4 is still expected to

- CrA—— ey

| _ 227



827

_ Table 38
EXPECTED PERFORMANCE OF SCVlET AIRCRAFT—1956
Major Aircraft Types
Type 318
(Turboprop

Modification) TU-4® EF-150 IL-28¢ MiG-13¢ Type 39¢ Type 37/
Maximum speed/altitude (kn/ft) 360/ 30,000 350/32,000 480/8000 435/SL 382/SL 497/20,000 342/19,300
Cruise speed (kn) _ 300 173 424 ‘383 450 433 457
Radius (a mi) 3420 1700-2100 1000 690 250 1780 3110
Radius, once-refueled (n mi) 4170 2385-2850 1490 1293 v 2290 4060
Range (n mi) 6650 3100-4000 1860 1363 730 3420 6120
Range, once-refueled (n mi) 7830 4360-3250 2810 2465 cen 4440 8020
Radar (?) AN/APQ-13type! (?) |AN/APQ-13type| ... K bombing syst. | K bombing syst.
Engines 4 turboprop | 4 reciprocating |2 turbojet 2 turbojet 1 turbojet 6 tutbojet 8 turbojet

(JUMO-022)

8 A prototype of this aircraft is known to exist as of July, 1931, The use of sooo shp tu:boptop engines is hypothesized. However, it is known ‘

that this engine is at the test stage and is well matched to the airframe.
dSome TU-4's are expected to be capable of B-50 performance.
cSome IL-28's are assumed to be equipped with bombing radar.

4See p. 96. This case assumes a bomb load of approximately 300 Ib and & small amount of externally carried fuel,

¢ Performance characteristics are those of the RB-32B.
I Performance characteristics are those of the B-47E,
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EXPECTED COMPOSITION OF THE SOVIET AND SATELLITE 956

Strategic
Heavybomber® ......c.civiiiiiiiniiiinnnnes 100 cees
Medium bomber® ... ... ... .. . iiiiiiiatn 1000 cees
Light bomber® ........ccoiiiiiiiniiiinnennn 950 ceee
Fighter® .. ....o.viienreecaerarancnssnannnas 200 ceas
Transport-tanker .........cccecivvencnnccnnns 150 ceee
TOTAL . iieriirienseesnsccrosoanasonanas 2400 cees
Air Defense '
AW interceptor® . ... ... .iiiiiiiiiiiieiinee 300 cons
Day interceptor® ................ feeeeseeeaces 3000 250
Dayinterceptor® ......cccivimieierrancaneces conene 200
TOTAL .« oviiiiiriieccennsracnassenansannan 3300 450
Tactical
Fighterd .. ooiriieietneeiaeeeneanannnnnn 5900 750
Fighter bomber® . .....oouuvienneniniaannnnnns 1400 e
Fighterbomber® ..........ccovieuiernnennnnns 700 e
Light bomber ........coiiiiiiiiiiieaannnn 3400 150
Tactical reconnaissance® ............ccovenenan. 750 150
Transporttanker .......cooviiineiiennncnnnnn. 750 150
JOTAL .ot iericieereesecnacncansannsanas 12900 - - 1200
8 Piston engine.
b Jet engine.

be the major long-range carrier in the force,* while the IL-28 will be the pre-
dominant short-range bomber. In addition, there may be about 100 long-range,
turboprop-powered Type-31 bombers and some jet bombers (EF-150) having a
combat radius midway between the IL-28 and a B-47 type. Some of the TU4
force may be converted into tankers.'

The close proximity to the ocean of many ZI strategic bases and almost all
overseas bases offers opportunity for the use of submarine-launched carriers—
guided missiles or manned aircraft. Sixty per cent of ZI strategic bases are

‘#We do not include any B-47-type jets in this estimate for 1956, which is used in the analysis of
the vulnerability of the programmed system. However, the vulnerability of each of the modified base
systems over the period 1956-1961 is tested by assuming Soviet possession of a jet medium bomber
and other advanced carriers.

tThe Soviets, it appears, have not developed any extensive air-refueling capability. It is, of
course, technically feasible for them to do so. However, such a development takes time and, as the .
curves of the section entitled “Base to Target: The Cost of Increasing Combat Radius,” page 61,
indicate, represents a significant diversion of resources.
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within 100 mi of the sea. The missile very probably would be a V-1 type with
a range up to 500 mi. The manned aircraft, similar to a recent proposal to the
Navy, could have comparable or greater range. Anticipated bomb yields for
small bombs should make it possible for either vehicle to get high airfield
coverage. Submarine-launched vehicles have the combined advantages of small
echo area and high speed, making detection as well as interception difficult,
especially against coastal bases. However, this form of attack appears to have
disadvantages as a method of commencing hostilities, and it may present serious
operational problems in large-scale use. Nevertheless, the use of these carriers
would result in high attrition to SAC. They are of particular importance where
means of defense against conventional air attack can be obtained.

Other missile threats may appear during this period. However, on the basis
of our missile development program, it appears unlikely that surface-to-surface
missiles will present a threat of comparable magnitude to aircraft attacks. (The
air-to-surface missile, on the other hand, is a more distinct possibility.) A pos-
sible exception may be the Soviet development of a short-range ballistic missile
for use against overseas bases. These advanced threats, including submarine-
launched carriers, have been tested largely against improved base systems. As it
had been programmed, the base system would have suffered unacceptably high
attrition from more conventional bombing methods.

The Soviet Air Force, even more than our own, will consist mostly of short-
range aircraft in 1956. While there is expected to be a steady build-up in the
long-range bomber force, the proportion of short-range aitcraft will remain
high. The sharp fall-off in the number of aircraft that can be brought to bear
against targets at increasing distances from base is shown in Fig. 69. This air
force, like our own, will be made-up of a mix of aircraft of differing vintage
and range performance, and the shaded areas of Fig. 69 indicate uncertainties
as to the specific distance beyond which an unrefueled aircraft type cannot
attack our strategic bases. Aerial refueling can extend the proportion of the
force capable of attack at longer radii, and, over a period of time, a large pro-
portion of Soviet resources could be allocated to long-range aircraft. This can be
done only at the cost of a reduced striking capability in total, and, at some time
period, both the U.S. and the Soviet Air Forces will have a range-capability
pattern of the sort illustrated. The number of Soviet aircraft capable of two-way
missions against those of our bases which are 900 n mi from Soviet bases is
‘about 6 per cent of the number that can be brought to bear on bases which are
350 n mi from the Soviet bases. And against bases at 3000 n mi there is a
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further reduction of about 90 per cent, even with extensive use of air-refueling.
If one-way mission tactics are used, the peak level of attack that can be mounted
against remote targets can be sharply increased, but there is no re-use of aircraft
possible. ‘

The significance of variations in aircraft attack levels with distance from base
depends both on the type of weapons carried and the level of active defense
met. Where high-yield nuclear weapons are to be used and relatively low air-
craft losses to defenses are expected, then there may not be a significant decrease
in destructive potential as distinct from leve! of attack with increasing distance
from the Soviet Union. If, on the other hand, a large load must be carried, as in
conventional high-explosive bombing, or where large attacking forces are
required to saturate defenses, then a reduction in strike-size capability with
distance can be of considerable significance.

Bombs . :
By mid-1955 the Soviet stockpile of fissile material is expected to be equivz;-
lent to 300 100-KT bombs;* by 1956 it should total about 400 100-KT bombs;

® Air Intelligence Estimate, AIE-1, October 1, 1952 (Top Secret).
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and by mid-1960, perhaps 2000 bombs. These estimated stockpile sizes are
. uncertain within a factor of two, so that in 1956 the stockpile might be as large
as 800 or as small as 200 bombs. On the basis of recent Soviet tests, the size of
the largest operational weapons expected in quantity by no later than the middle
of the 1956~1961 period will be of megaton size, while in 1956 it can be
expected that large-yield fission bombs will be available to the Russians. For
attacks against the major part of our world-wide strategic base system as pro-
grammed, however, neither many bombs, in relation to the expected stockpile,
nor large bombs are required to produce high levels of damage. Bombs ranging
in size from 20 to 100 KT are adequate for attacks on the programmed oper-
ating bases. '

~ Our conclusions on the high vulnerability of the programmed base structure
in 1956 are not sensitive to quite wide uncertainty in the assumed Soviet stock-
pile, since we expect the Russians to regard SAC as a target of the highest pri-
ority, and SAC will not present many targets, as scheduled. As a consequence,
even out of the smallest stockpile expected—200 bombs—perhaps 30 would be
allocated to SAC destruction. With the more probable 1956 stockpile—in the
neighborhood of 400 bombs—SAC should expect to receive at least 100. bombs,
if that many could be profitably used against our bases. There should be no
surprise if a larger number than this is allocated. By 1960 the number of bombs
available for allocation against SAC should be in the hundreds.

We have credited the Russians with a competent operational atomic capa-
bility. The capability of .employing surface or penetration bursts has been
assumed. The use of nuclear weapons exploded at or under the ground is
examined primarily in the context of improved operating and refueling bases
passively defended against air bursts. The problem of residual contamination
following a surface or penetration burst raises the possibility of enemy use of
this weapon in order to accomplish both aircraft and structure blast damage
and airfield denial. ' _

Other types of attack possible against overseas bases with IL-28 and TU4
radius include use of fragmentation and general-purpose bombs against aircraft,
pcrsonhel, and base facilities, and use of time and antipersonnel bombs intended
for short periods of base denial.

Finally, we have given brief consideration to the threat of paratroop attack
and sabotage on overseas refueling bases. Some implications of the use of
bacteriological, chemical, and radiological agents were examined.
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Force Commitment and Attack Strategies

- Unlike most strategic targets, our bombing force is mobile. We may be able
to evade an initial attack, and if our retaliatory power survives, it will quickly
be felt by the enemy. However, the use of overseas operating bases in accord-
ance with the mobility plan offers the enemy multiple opportunities for attack:

1. Zone of the interior and overseas rotation bases on D-day in a surprise,
coordinated attack;

2. Overseas prestrike and en route bases during the build-up period prior
to the first strike; and

3. Overseas operating and staging bases and ZI home bases after the first
strike and throughout the campaign.

A surprise air attack against the United States could probably consist of a
mass raid directed at both SAC and industry-population targets, or of a sneak
raid involving few aircraft directed at SAC bases and other critical targets.
There would be advantages to both tactics: The mass raid would attempt the

~ destruction of two important U.S. target systems; the sneak attack, probably at

low altitude, might result in substantially higher damage to our strategic force
with a smaller commitment of aircraft to one-way missions. As few as 20
bombers and as many as 500 were assumed to be allocated against ZI bases.

The advantages of mounting the first surprise attack of a war (little or no
warning of city populations, confusion of defenses) have been generally
recognized. The surprise attack is doubly important for attack on strategic
bases, since many of the most vital and vulnerable elements on these bases are
mobile, and, if the attack comes as no surprise, aircraft, personnel, and essential
matériel may have been evacuated from the bases before bomb release. How-
ever, it appears that while there is an excellent chance of obtaining indications
of an imminent Soviet attack, we cannot be sure of this with an acceptabie
degree of confidence, given the critical importance of the survival of our
strategic bombing force. After the enemy raid is launched, there is little chance
of early detection if Soviet aircraft follow routes which avoid inhabited areas
and our advanced radars (see Fig. 70). The surprise attack, large or small scale,
must be regarded as a major threat to SAC survival.

The advantages of surprise against SAC in the ZI may also be largely dissi-
pated if the attack is not timed such that separate cells penetrate our radar net
within a short period of time. Closely timed radar penetration of widely sep-
arated cells going to different targets is essential if a large proportion of the
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Fig. 70—Soviet attack routes to radar entry points: ZI and
overseas bases (USAF radars only shown)

SAC bases attacked is to be found with aircraft on them at the time of bomb
release, since the warning time available to our bases is the delay time in the
penetration of enemy bombers after initial raid detection plus the flight time
from radar net to base. This tactic would give SAC units the least time for
evacuation before attack. Since the first Soviet strike could have a long period
of peacetime preparation, practice missions having been flown over a good part
of the routes, the range of expected arrival times at our early-warning network
should be low. It appears that if preplanned loitering is used to offset tail
winds, almost all attacking aircraft, at least in the first move, can penetrate the
ZI radar net within a period of 30 to 60 min.
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While a D-Day attack against units on rotation overseas may be made
simultaneously with the ZI attack in order to surprise interceptors, antiaircraft
artillery, and bomber units, this will involve a still higher degree of coordina-
tion; and since overseas-based units must remain at risk during the period of
preparation for strike, there will be no need for immediate attack on these
bases. We have assumed a delay of 6 to 8 hr before overseas bases are attacked.

" This warning period may be used to disperse bombers in areas where addi-

tional bases are available. However, the enemy should still have sufficient
time to locate and attack dispersed bases before our initial strike can be
mounted. Immediate evacuation and dispersal of bombers from overseas bases
upon commencement of hostilities is not compatible with preparations for an
immediate retaliatory strike.

The second enemy attack period, during initial deployment overseas, will
have critical timing requirements, but of a different character. Here, if aircraft
are to be destroyed, the enemy must determine which overseas bases are being
occupied, and for how long, before the first strike is launched. There is the
question of allocating A-bombs to bases possibly empty of bombers at the time
of attack. However, the Russians should be able to anticipate our pattern of
deployment with considerable success. Peacetime rotation maneuvers can be
observed. The Mobility Plan is not highly classified. Base facilities and equip-
ment, including the presence of Aviation Field Depot Squadrons, provide clues
as to the intended mission of a base. Intelligence sources and reconnaissance
during deployment may provide direct and detailed information on our deploy-
ment pattern. During this period we should expect a major effort on the part
of the Soviet strategic force to disrupt our strike and to attrite our force on the
ground by repeated high-explosive and atomic attacks, perhaps on unoccupied
as well as occupied bases. The speed with which the Russians can learn of the
arrival of our bombers on overseas bases and mount an attack is a matter of the
greatest importance to medium-bomber units first deploying to overseas oper-
ating bases and to heavy bombers on both prestrike and poststrike staging bases.
We must credit the Soviet force with the capability for rapid attack, especially
during the period prior to our first attacks.

A wide range of bomber choice is available for attacks against most of our
overseas bases. Attacks on these bases involve mostly unrefueled missions.
Single aircraft and mass attacks, high- and low-altitude penetrations, night and
daylight attacks, feints, and other tactics can be used to exploit our defense
weaknesses or special Soviet proficiencies. In particular, large numbers of
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short-range jet bombers can be brought to bear against more than half of our .
overseas bases. Single-strike commitments as large as 300 TU4's and 1000
IL-28's are likely. M
e job of the Strategic Air Command is not likely to be accomplish@
" bhe first strike, and repeated strikes against the enemy will be rﬂu\irglﬁ is
the Soviet counter-SAC mission likely to be completed with an initial D-day
attack and attacks during deployment overseas. It may not be until after our
first strike that some units will be well exposed to attack. After our first strike,
with a large part of the surviving medium-bomber force on overseas operating
bases, continuing Soviet attacks on these bases, as well as on overseas staging
bases, is to be expected. Further attacks against ZI bases are likely only against
base-aircraft systems having low overseas vulnerability—intercontinental
ground-refueled systems and, of course, intercontinental air-refueled systems.
The continuing vulnerability of overseas SAC bases depends in part on the
success with which the Soviet strategic force can be neutralized on our first
attacks. The prospects do not appear encouraging.® First, because we, unlike
the Russians, are not likely to have very good information on the location of the
enemy’s strategic force at the time of attack. Second, because the Soviet strategic
air force can make use of many of the active and passive defenses which can
serve to reduce the vulnerability of our force—evacuation, staging, etc. It
appears that other important passive defenses which serve to reduce base vul-
nerability to atomic attack have 7ot been adopted by the Russians, but we should
not count on their failure to protect their bases adequately by the 1956-1961
period. Third, because the number of bombs required to inflict serious damage
to SAC in 1956 is a small fraction of the entire Soviet stockpile. Either the
destruction of Soviet aircraft capable of carrying A-bombs will have to be essen-
tially complete, or the Soviet A-bomb stockpile will have to be exhausted
before the threat of atomic attack will be removed. In Part II we have treated
explicitly the question of ground attrition of Soviet aircraft from our attacks,
and the wide range of attacking forces considered may be regarded not only as
the result of policy on the commitment of forces to SAC neutralization, but as
the combined effect of survival of enemy forces and commitment policy. The
vulnerability conclusions are little sensitive to wide variation in the level of
attack mounted.
The major operational factors assumed for Soviet attacks are

*See pp. 366f.
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1. Bomber availability for the first attacks is high (around 90 per cent
for long-range bombers), but for succeeding attacks it is assumed to
drop to 50 per cent.

2. Two values of CEP have generally been assumed agamst airfields, i.e.,
1500 ft for visual bombing conditions and 4000 ft for radar bombing.

VULNERABILITY OF THE FORMERLY PROGRAMMED
BASE SYSTEM

Force Concentration with Respect to Soviet Attack Capabilities

The 120-wing strategic base system called for the following types and num-
bers of bases world wide: 33 ZI home bases; 26 overseas operating bases for
medium bombers; 42 overseas fighter, tanker, and staging bases (13 capable
of heavy-bomber staging); and 6 en route bases for overseas deployment. The
location of this base system with respect to Soviet attack capabilities is presented
in Fig. 71. This figure shows that—

1. Sixty-eight per cent of all overseas strategic bases are within Soviet jet
light-bomber radius. Within this zone are 60 per cent of the overseas
operating bases and 76 per cent of the overseas staging bases.

2. No overseas operating bases and only three overseas staging bases lie
beyond TU-4 unrefueled radius.
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Fig. 71—Base location with respect to Soviet attack zones
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3. No ZI strategic bases lie within unrefueled, and only one within once-
refueled, TU-4 radius. However, 17 per cent are within Type 31
unrefueled radius, and 35 per cent are within Type 31 once-refueled
radius.

4. All ZI bases can be reached by TU-4’s (some refueled) or Type 31
aircraft on one-way missions. )

While most of our bases can be reached by large numbers of Soviet aircraft
on unrefueled, two-way missions, the Mobility Plan permits us to station most
of our bombers in peacetime on bases most remote from the Soviet Union.
However, perhaps 20 per cent of the medium-bomber force will be on rotation
on overseas bases, whereas all our heavy-bomber units are likely to be stationed
in the ZI at the time of attack.

Distance alone will not suffice to protect the strategic force from attack.
_ Of greater significance is the number of high-value airfields in relation to the
Soviet bomb stockpile and aircraft and bomb requirements for successful attack.
Consider the system as formerly programmed: All of the strategic force is
stationed on about 40 bases world wide (7 overseas, 33 in the ZI). These 40
bases present a far from equal-valued target system, and a large proportion of
our effective striking potential is located at considerably fewer points. Seven
ZI bases contain all heavy bombers (excluding those in depots and on bail-
ment), and about 21 bases in the ZI and overseas contain all combat-ready
medium bombers. Initially, then, less than 30 targets contain the atomic striking
force. And within this small set there are significant differences among units,
due to state of readiness, etc. .

With the commencement of hostilities and the execution of SAC strike
orders, the exposure of the strategic force to attack is changed rapidly: (1) all.
units go on a high state of alert; (2) if E-day is named immediately, a large
part of the force starts to deploy overseas, and, for at least a while, these units
no longer present static targets; (3) on the other hand, movement to overseas
bases exposes the striking force to repeated attack by larger numbers of Soviet
aircraft. With the U.S. strike pattern assumed here for illustration,* there is a
considerable variation in the exposure to attack of different types of bombers:
(1) 67 per cent of the total strategic force might be committed to the first
strike. This would be almost all of the combat-ready part of SAC; (2) 50 pet
cent of the B-47 striking force would be exposed to IL-28 attack during pre-

*We do not refer to any actual SAC war plans, current or past, in this report.
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strike build-up overseas; (3) only 36 per cent of the B-36 strike force would be
within unrefueled TU-4 radius prestrike, but 80 per cent would be within IL-28
radius while on poststrike bases before returning to the ZI.

In addition to being located at more advanced bases during this critical peﬂod,
B-47's have slow build-up overseas. As many as 3 days may elapse between the
arrival of the fi 's_on overseas bases the launching of the strike.
The corresponding prestrike build-up times for heavy bombers may range from
12 to 24 hr. And 4fter the first attacks, most B-36’s return to the ZI after a
poststrike stop of 12 to 24 hr, while B-47’s remain on overseas operating bases
in preparation for later attacks.

The vulnerability of SAC while preparing for the first strike on overseas
bases is critically dependent on the ability of the enemy to learn of the presence

of our aircraft and to mount attacks rapidly. The speed with which this can be
accomplished depends on the method of observation required and the readiness

- of this force for attack. If the enemy can learn quickly of the arrival of our

bombers on base from intelligence sources, and if his bombers are being held
in readiness for attack, then our bases are likely to be attacked within the
shorter periods indicated in the discussion of refueling bases (see Table 46,
page 327). The longer periods apply if intelligence or reconnaissance informa-
tion is delayed and there is a longer preparation period before attack. This
spread in probable delays before Soviet attack on prestrike bases is small in
relation to the time aircraft typically spend in preparation on advanced bases.
Even with considerably less than a 3-day build-up period, the likelihood of
Soviet attack before the launching of the strike is extremely high. Heavy bomb-
ers on prestrike bases are less exposed to attack, even assuming high Soviet
capabilities for attack in general, due to their remote location and shorter
periods of occupancy. However, if the Russians can launch attacks within 6
to 8 hr after our strike, the major part of our heavy-bomber strike force would
probably be caught on poststrike staging bases.

Some variation in deployment pattern and attack tactics is possible. A smaller
proportion of the total force may be sortied on the first strike, and there will
be some choice of both operating and staging bases to be occupied. And B-36's
can attack some Soviet targets directly from their ZI home bases without the
need for a prestrike stop.* These are important capabilities, for, in addition to
the obvious advantages to the B-3G’s of their being mostly not on overseas bases,

* For example, B-36's can hit Leningrad from Carswell AFB, and Moscow from Limestone AFB,
with poststrike stops in the United Kingdom. -
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by introducing uncertainty as to our strike timing or the location of our units,

we reduce the probability of bombers being caught on base; and we may force

the expenditure of A-bombs on empty bases. However, there are constraints
which limit variations in the pattern of deployment possible thh the 1956
base system:

1. While there is a considerable cxpansxon in the overseas base program, this
is offset by increases in the growth of SAC. In order for peak strikes to be
mounted, most overseas bases are occupied by two or three squadrons of
bombers. And some of the staging bases in the system are considered safe only
for emergency use.

2. The prestrike exposure period overseas is lengthened by the difficulties of
moving overseas, within a few days, from several hundred to more than a
thousand bombers, tankers, and transports. En route stops are necessary for
fueling and for crew rest, and limited en route base facilities prevent the
simultaneous movement of all aircraft deployed for the first strike. Limited
bomb-loading facilities have increased delays in the past, since medium bombers
must phase through bomb-loading sites over a few days. This constraint will be
largely eliminated by 1956, bomb components being stored at many more points
in the ZI and overseas.

3. The functions performed on prestrike bases—crew rest and briefing,
bomb testing and loading, final aircraft inspection, fueling, and servicing—take

considerable time. Crews may be given an 8- to 12-hr rest period. And on many

forward bases the speed with which these functions can be performed is limited
by the facilities available—parking aprons, fuel-transfer facxhtlcs, ground-
handling equipment, etc.

4. Poststrike staging periods are determined by the need for aircraft servic-

ing, minor repairs of battle damage (aircraft with serious damage must wait
for the arrival of mobile depot teams), and crew rest and debriefing. In addi-
tion to the facilities constraints noted in connection with prestrike occupancy,
rapid poststrike aircraft removal is limited by the equipment and personnel
limitations of C and MTF's.

5. Finally, with the size of the Soviet stockpile of bombs increasing much
more rapidly than the number of bases available for our use, the Russians may
be in a position to deny us the use of these alternate bases.

The strategic air campaign is unlikely to consist of well-defined “strikes” by

the United States alternating with Soviet “strikes.” One strike might consist of
attacks over a period of a few days; and, after the start of the campaign, attacks
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might not involve widespread coordination of penetration. Some bombers might
be “turned around” on poststrike bases and sent back to attack other targets. In
sum, the post-first-strike disposition and operation of our strategic force is
unlikely to be regular or completely predictable in character. However, with
all these uncertainties surrounding the initial phase of the campaign—uncer-
tainties facing the enemy as well as ourselves—one important vulnerability con-
sideration remains clear: with our present method of operating medium bomb-
ers, whenever the enemy attacks an overseas operating base there is a high
probability that it will be occupied by bombers.* Aircraft spend most of their
time on the ground, and our overseas operating bases are to perform the wide
range of functions needed for continuous operation: aircraft maintenance and
repair through field maintenance; aircraft servicing; supply support; personnel
administration, housing, and feeding; crew training; etc. At the time of enemy
penetration of our overseas radars, but not necessarily at the time of bomb
release, there will be an 85 per cent expectation of finding aircraft on base.
Most other elements remain continually exposed to attack.

One possible distribution of strategic units following the first strike is shown
in Table 40. Most of the B-47 force is stationed on about 20 overseas bases,
and these units are much more easily accessible to Soviet attack than on D-day.
B-36's are assumed to return to ZI home bases. During the interval between
strikes, the location of our units is no longer as ambiguous as during deploy-
ment, and attacks could be made on overseas operating bases with a high
expectation of finding the bases occupied. B-36's, unlike B-47’s, restrict overseas
base use to staging only and prepare for later strikes on relatively remote bases,
exposing themselves to attack only on prestrike and poststrike bases.

Active Defense Effectiveness

Our programmed active defenses for 1956 cannot be expected to stop atomic
attacks either in the ZI or overseas. These defenses have, in general, a kill
potential low in relation to the size of the attacks that can be mounted against
them. However, there are substantial differences in the defenses available to
different base areas and in the forces that must be committed for successful
attack. The result of Soviet attacks against different strategic bases, for various
tactics and defense-weapons effectiveness, is presented in Fig. 72. These results

" show that, in 1956:

*The possibility of overseas base evacuation is considered later.
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POSSIBLE POST-D-DAY DISTRIBUTION OF STRATEGIC UNITS
Aircraft Number Within Combat
Base Area Type of Wingss Radius of—
Z1 B-36 7 Type 31, TU-4 (once
RB-36 3 refueled)
B-47 9
RB-47 1
F-84F 2
Overseas
Uanited Kingdom RB-36 1 IL-28, TU4
B-47 b
RB-47 1
F-84F 2
French Morocco B-47 S TU4
RB-47 2
‘ F.84F 2
Spain B-47 4 TU-4
RB-47 1
F-84F 1
Iceland B-47 1 TUA4
Greenland B-47 1 TU4 .
Alasks B47 1 IL-28, TU4.
Japan RB-47 1 IL.28, TU4
F-84F 1
Guam B-47 1 TUA4
Okinawa B-47 1 IL-28, TUA4
TOTAL. ..o iiireneninncanscanns 52 |

8 Plus tanker squadrons.

(1) A mass surprise raid at high altitude against all ZI strategic bases and
other targets designed to provide an individual bomber survival probability of
0.70 will require the commitment of approximately 400 TU-4 or Type 31 air-
craft (excluding tankers). If the Russians employ countermeasures effectively,
or if our defenses do not perform as well as expected, an attack of this size will
have an average bomber probability of survival (excluding aborts and opera-
tional losses) of 0.96. On the other hand, if the attack does not come as a sur-
prise and our defense units are alerted, the average survival may be as low
as 0.53.
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(2) A low-altitude attack involving about 50 TU-4 or Type 31 aircraft
directed at all ZI SAC bases will have about a 0.9 probability of surviving our
programmed active defenses.

The initial allocation of 1000 IL-28- and 200 TU-4-type bombers to attack
overseas areas containing strategic bases provides single-strike survival proba-
bilities upward of 0.9 if straightforward, high-altitude attacks without decep-
tive tactics are employed. With the use of countermeasures, feints, and low-
altitude attacks, much smaller forces can be committed to this mission.

One of the chief limitations in the effectiveness of our overseas fighter de-
fenses is inadequate radar coverage for the alerting of these units and for effec-
tive control. Typically, only a few of a fighter squadron’s interceptors are on
the alert line (4 per Air Defense Command (ADC) Squadron), and the
remainder become available after delays of minutes to hours, which depend on
the state of alert and maintenance condition of the aircraft. Since many overseas
bases will have no more than 45 minutes’ warning of high-altitude attacks, and
15 minutes’ or less warning of low-altitude attack, only a relatively small pro-
portion of our deployed defenses will have the opportunity of engaging in com-
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bat. Some ZI peripheral bases will also suffer from this “seacoast degradation.”
Moreover, this inadequate warning permits the enemy to use feinting and wave
tactics in order to reduce further the weapons brought to bear on bomb carriers.

The use of doglegs to avoid area defenses or to reduce warning time can be
used against us in the same manner as indicated in the section entitled “Bases,
Targets, and Penetration Paths,” page 135. Our strategic bases are usually pro-
tected in asymmetric fashion by radars and interceptors, and dogleg routes can
be used to reduce losses. Attacks against southern ZI bases, using dogleg routes
through Mexico, greatly reduce expected losses to interceptors. Similarly, mini-
mum-penetration paths can be used to good advantage against French Morocco,
Iceland, Alaska, and other areas (see Fig. 70).

There is a considerable difference in the cost of attacking different base
regions. The ZI and the United Kingdom are to be defended heavily in compari-
son with other base areas. Within the ZI, in particular, there is a considerable
variation among base groups (some of these differences are shown in Fig. 73).
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For example, expected losses in attacking two bases in the Great Lakes region
(Lockbourne and Bunker Hill) are greater than the losses expected against
eleven bases in the Plains states and the south. The ADC is »oz distributed pri-
marily for the defense of SAC, and there is substantial mismatching between
our SAC base distribution and ADC interceptor distribution. However, the posi-
tion of bases such as Bunker Hill and Lockbourne is worsened in the context of
joint attacks including industry and population as well, since the Chicago, Cleve-
land, and Detroit areas could be attacked jointly at little extra cost in bombers.
Similarly, attacks on Portsmouth, Westover, March, Castle, and Travis and

other ZI bases fit well into a joint industry-population-SAC attack strategy.

There is considerable incentive to combine the attacks, for not only are bombers
committed to attack on the ZI unlikely to be available for re-use, but also attri-
tion by our defenses in an attack after D-day may be as much as 50 per cent
higher than in a D-day surprise attack. .

Defense effectiveness will vary over the course of the campaign. Starting
with low effectiveness against a surprise attack, after some hours our intercep-
tors will be in a2 high state of alert. With intensive flying and, in particular,
attrition of overseas base facilities and supplies and air and ground attrition of
interceptors, there will be a degradation in effectiveness. And, since many of
our overseas-based interceptors are to be stationed on bomber bases, they will

suffer from enemy attacks on SAC. The defenses of Keflavik, Thule, Lages,

and Goose Bay will be so affected. Even where fighters are separately based,
the Russians may choose the tactic of attacking our fighter bases in order to
reduce attrition in later attacks on bombers as they deploy overseas.

The Elements at Risk and Their Vulnerability

These major functions are normally performed on an operating base: (1) air-
craft landing, parking, and take-off (2) aircraft and ground-equipment mainte-
nance and repair; (3) storage and distribution of spare parts and other sup-
plies, including petroleum; (4) bomb loading and (sometimes) storage of
non-nuclear bomb components; (5) housing and support of personnel; and
(6) command, communication, and administration. Each of these activities con-
tributes to the support of an effective combat force, and physical destruction or
damage to any of the elements on a base must be assessed by the effect on
major base activities and consequently on wing combat effectiveness. Since the
operational meaning of physical damage is very much a function of strike tim-
ing, climate, and availability of resupply, base vulnerability must be evaluated
for each of the conditions under which the strategic force is likely to be operat-
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ing. For example, the effect of damage to structures at March AFB at any sea-
son would be quite different from the same damage to Thule in winter. In
order that an estimate can be made of the effects of successful enemy attack
on our bases, we examine briefly the contribution of each of the major base
~elements (aircraft, personnel, supplies and equipment, pavements, and struc-
tures), their physical vulnerability, and the effect of the loss of each element
on wing combat effectiveness.

Aircraft. Combat aircraft constitute an element which is (1) essential to
the mission of SAC, (2) costly, and (3) essentially irreplaceable during the
campaign. A surprise attack on strategic operating bases world wide would find
only a small percentage of the assigned bombers off on training missions—
about 8 per cent, on the average. At night or on Sunday a smaller proportion
would be away. However, while aircraft spend most of their time on the ground,
this does not mean that our bombers will necessarily be found on base by enemy
bombers, and the SAC evacuation plan is intended to reduce the number of air-
craft found on base at the time of attack.

Evacuation of Aircraft. With this plan, when approaching enemy aircraft

are identified, those aircraft in flyable condition are rapidly readied for flight -

and evacuated, with minimum crews if necessary, to orbit areas and to alternate
emergency bases. Where possible, nonevacuable aircraft are dispersed to the
periphery of the field. The time required for the evacuation of flyable aircraft
will vary with the time of day, day of the week, and degree of alert of the
strategic force. It is difficult to estimate what the evacuation pattern will be
like 3 years hence, and data on current experience show a considerable variance
attributable in part to differences among aircraft types, local situations at dif-
ferent bases, and the realism with which exercises are carried out. Figure 74
presents a range of estimates of the proportion of bombers evacuated as a func-
tion of time after warning, based on the assumption that the decision to call a
Red alert is made without delay. (In fact, at present this decision for SAC is
associated with extensive responses, both by ADC and by the civil population—
responses of such moment that long delays are made likely. This matter is
treated below on page 289.) The upper curve shows expected times for Condi-
tion Alpha evacuation—emergency evacuation if necessary with minimum
crews—when SAC is on alert. It appears that, on a one-wing base, about 65 per
cent of the aircraft will be able to take off within an hour of the decision to
evacuate. On a two-wing base, this might be reduced to the neighborhood of
50 per cent by traffic constraints on the rate of take-off. The middle curve for
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Condition Alpha evacuation we assume to apply to the case of a surprise attack
without any prior alert, in which evacuation goes off smoothly—minimum crews
are assembled quickly, traffic moves smoothly on the base, and there are no
serious accidents tying up the operation. The lower Condition Alpha curve
represents the lower bound of evacuation expected. Finally, the rate at which
aircraft can be brought into Condition Bravo, ready for deployment overseas
with full combat crew and flyaway kits loaded, is shown for medium-bomber
units. B-36 aircraft take from 6 to 8 hr to prepare for deployment.

Successful use of evacuation for defense depends on (1) sufficient warning
for evacuation and (2) infrequent execution, if evacuation is to be used as a
continuing defense. The warning times expected within the ZI are shown in
Fig. 75 for the two attack routes described above—relatively direct routes and
minimum-penetration routes. The precision with which the Russians can time
penetrations has an important effect on damage, since evacuation begins shortly
after the first Soviet bombers are identified, and late arrivals may find empty
bases. On the basis of SAC experience, it appears that almost all Soviet bombers
could penetrate the ZI radar net within a period from 30 to 60 min. The pat-
terns of evacuation and of attack described combine to give the proportion of
SAC aircraft on base at the time of bomb release, as shown in Fig. 76, neglect-
ing for the moment losses of Soviet aircraft en route to target. We find that

1. If the evacuation plan works as expected, a surprise high-altitude Soviet
attack along relatively direct routes with 2 30-min spread in bomber
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radar penetrations will find 40 per cent of SAC aircraft on base at the
time of bomb release.

2. If Soviet aircraft can follow minimum-penetration routes, closely
timed, up to 60 per cent of SAC may be on base at the time of bomber
arrival. Low-altitude sneak attacks increase still further the proportion
of aircraft found on base. :

3. If SAC is on alert, and if the Soviet attack is poorly timed and not
along minimum-penetration routes, as low as 20 per cent of SAC may
be found on base at the time of attack. A |

4. Practically no bombers will have time to take off in Condition Bravo,
and overseas deployment of the surviving force will be delayed at least
by the time required to reassemble aircraft, flyaway kits, and personnel.

The advantages of rapid overseas deployment in order to strike at Soviet air
bases as quickly as possible must be balanced against the increased attrition to
SAC if evacuation is delayed until aircraft are loaded and ready for overseas
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deployment. Failure to evacuate SAC rapidly may result in the loss of most of
the force. It appears that plans for immediate deployment are not compatible
with immediate evacuation, and, with the high ground attrition of SAC indi-
cated, evacuation should not be delayed in order to speed deployment.

)

)

If the Russians choose to attack the ZI first on D-day, as appears likely, air- -

craft on rotation overseas may be able to evacuate before the subsequent attack
" on their bases. Such an initial evacuation should be regarded as 2 more or less
automatic reaction to the commencement of hostilities, rather than as a measure
which will serve to protect these aircraft until they can be sent off on the first
series of attack. For they must land after a few hours, and, since most overseas
bases will have entirely too little warning for evacuation after detection of an
approaching force, they will be exposed to attack (see Fig. 77). The decision
to evacuate may be based on indirect and perhaps ambiguous information in
such base areas as the Azores, North Ireland, and French Morocco.* However,

* Attacks from eastern Germany directed against our bases in England and the two in northem
Ireland will be tracked by European radars for a period lasting from 45 min to 1V5 hr (IL-28). This
time should be sufficient for evacuation, if execution is started immediately upon penetration of
radars in western Germany. However, if evacuation is commenced whenever Soviet aircraft pene-
trate, then UXK.-based bombers will spend most of the time in the air. If they wait for take-off uatil
the raid is clearly directed against the United Kingdom or against the area in which specific bases
are located, then insufficient time for evacuation will remain. Only the two bases in northemn Ireland
and possibly those on the west coast of England, with no more than a squadron to a base, may have
sufficient screening distance to withhold evacuation safely until a raid can be clearly identified as a
threat to them.

249

A\



35 =3
ok
.
a o .J
. [}
o220 fr
g ¢ —
2 'r-'
3 (L} o t
3 J J
5 ' em=ee Low-eltitude efteck
xwoF r"’ — High-altitude atteck
¢ Migh-aititude attack {including
sk : ] rador worning from the continent
' | M pmamaa for U. K. bases
0 n' L 1 1 1 i 1 1 1 1 1 1 3 3
[»] 50 100 150 200 250 300 350 400 a50 $00 550 600 650 700
’ Peneiration distonce (n mi)
[1 1 - 1 1

] 30 60 90
) Entry-point-to- base flight time: IL~-28(min)

Fig. 77—Overseas operating base penetration distances

the reliability of warning leading to evacuation from overseas bases is at best
highly uncertain, evacuation will have to be carried out frequently, and the
possibility of frequent evacuation may limit the usefulness of this measure
for defense.

Aircraft evacuation and the preparation of aircraft for combat missions can-
not be carried out simultaneously, and, even assuming that warning is available
from radar or other sources, it can hardly be used as a continuing defense where
frequent enemy penetrations are possible. And the threat of atomic attack makes
even single aircraft penetrations dangerous. Probably evacuations as often as
once a week could not be tolerated during wartime. The level of Soviet air
activity during the early weeks of the campaign at most overseas bases would
appear to exceed this standard, and it certainly would if we were clearly depend-
ing primarily on evacuation for defense overseas. It is important to note that it
is not necessary for Soviet aircraft to make repeated artacks on our bases, but
rather that we detect at frequent intervals the presence of aircraft that can
potentially attack us. Thus, reconnaissance missions, penetrations against targets
other than SAC, feints, and misidentification of our own aircraft may lead to
evacuation. And we shall have neither adequate radar coverage overseas for the
screening and evaluation of these penetrations nor strong enough active de-
fenses to permit us to ignore all but the largest attacks.
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If evacuation from overseas bases can be ruled out on grounds of frequent
execution as well as inadequate warning, what of evacuation from those ZI
bases that do have adequate warning? We may have to be concerned with fre-
quent evacuations on either side of D-day, if the Russians fly ferret missions
off our coasts during peacetime as well as flying reconnaissance missions and
making repeated attacks after D-day.* The appearance of one or two Soviet air-
craft, if not quickly followed by the appearance of many others, is not enough
to threaten more than a small fraction of SAC ZI bases. Repeated, large-scale
penetrations of ZI coastal radars will be difficult against most parts of the ZI
on two-way missions. Only the Pacific Northwest is as accessible as are some
overseas base areas. There is an important difference between ZI interior bases
and those open to relatively frequent Soviet penetrations. Units on Bunker Hill
and Lockbourne can afford to be less concerned about the penetration of num-
bers of Soviet aircraft that should cause anxiety at Fairchild and Limestone, not
only because of the greater evacuation time available, but also because of the
presence of considerably stronger active defenses between these interior bases
and the edge of the radar net.

In concept, the evacuation plan appears to be ideally suited for the protection
of bombers, since the protection of this vital systems element by other means is
much more uncertain and costly. Evacuation is not without its problems, and its
cost and feasibility must be examined in the light of different enemy attack
capabilities, different base locations, and its effect on our strike timing.

Physical Vulnerability of Aircraft on the Ground. The vulnerability of air-
craft.on the ground has been the subject of recent tests. While, at this writing,
the engineering studies of the damaged aircraft and extrapolation of the results
to the B47, B-36, and B-52 are not available, it is clear from obtainable data
that aircraft are “soft” targets. We have used the criteria presented in Table 41
in estimating. the vulnerability of ‘aircraft to atomic and high-explosive attack.
Destroyed aircraft have suffered major structural damage, very extensive sur-
face damage, fires, etc. The serious damage category includes those aircraft
having fractured structural members, extensive skin dimpling, warping and
tearing of control surfaces, and injury to instruments and electronic and hydrau-
lic systems. This damage would require depot repair, and aircraft so damaged

* The direct cost of evacuating a B-47 wing is about $250,000. In addition, degradation combat
effectiveness results from its execution, and this degradation should be included in comparisons of
evacuation with other types of defense measures. This degradation has proved to be difficult to
measure, and no estimate of it is included. Peacetime evacuation, however, has some payoff as an
exercise to increase SAC's facility in its accomplishment.
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Table 41

PHYSICAL VULNERABILITY OF SOME SAC ELEMENTS
Atomic Bomb HE Bomb
Blast Thermal Mean Area of
(overpressure | Radiation Effectiveness
in psi) (cal/cm?) Type (ft2)
Aircraft (B-47, 3-52)¢
Destruction 5 to 10® 20-1b frag-
menting 3,600¢
100-Ib GP 9,500¢
Major structure damage 4to8d 33 20-1b frag-
menting 67,8004
100-lb GP 331,000
Surface damage® 3t0 4% P 2 O O,
Minor damage/ P 2 L P
Instollations
Runways and airfield Cratering and
pavements deformation{ ..  }|......... Cratering
Hangars, operations, and
communications
facilities
100 per cent collapse - Z e I 15,000 to 25,000/ton
50 per cent collapse 5 O 15,000 to 25,000/ton
Shops and warehouses
100 per cent collapse b L Y 15,000 to 25,000/ton
50 per cent collapse b 2 O 15,000 to 25,000/ton
POL storage
Above ground, full 5 2 R 7)
Above ground, less
than full b J I S )
Below ground SSto2000 | .. |......... Cratering
GCA and communications
antennas b S P
Supplies and Equipment
Exposed equipment
Vehicles 15 B S
Cranes > 2 e P
Docks 2 o




Table 41 (continved)

Atomic Bomb HE Bomb
Blast Thermal Mean Ares of
(overpressure | Radiation Effectiveness
in psi) (cal/cm?) Type (f2)

Supplies ond Equipment—continved

Sheltered equipment
Vehicles .
Aircraft spares Dependent on degree of collapse of structure housing item
Other supplies
Radiation
Blast Mean Area of
(overpressure Gamma Thermal Effectiveness
in psi) (roentgens) | (cal/cm?) Type (ft2)
Personnel ‘
Exposed |  ...... 100 to 200 6 | e ] el
(50 per cent
casualties)
In structures Building collapse |  ...... N R I,
(100 per cent
casualties, 50
per cent
mortalities) #

@ The B-36’s are more vulnerable than the jet bombers.
bLower value is for side-on or tail-on orientation; upper value is for nose-on orientation.
¢Destruction by fuel fire.
4 At most, major structural damage; may be less.
¢Damage to skin of control surfaces or bomb bay doors.
! That is, damage to plastic windows,
¢ Vulnerable to perforation and fuel fire caused by GP bombs.
* Depending on amount of earth cover.

would be out of action for weeks and possibly for months (this depends on the
total number of aircraft to be repaired and the extent of Soviet attacks on our
depot repair facilities). Minor damage is defined as damage that would nor-
mally be repaired at base level: replacement of plastic windows, control sur-
faces, bomb bay doors, etc. This type of damage contrasts markedly with that
produced by high-explosive bombs, which latter type is likely to affect different
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parts of different aircraft hit. In the case of A-blast, the possibility of repair
by cannibalization is greatly limited, and replacement for damaged compo-
nents must come out of stock. However, those stocks of spare parts that are at
" base level are likely to be damaged at the same time as the bombers. If replace-
ment parts are available, minimal base facilities substantially intact, and person-
nel casualties low, then this repair can be accomplished within a day or two. On
programmed bases, few aircraft receive minor damage, since the enemy should-
have available bomb sizes producing high levels of serious damage and destruc-
tion. With widespread local (microscopic) dispersal, minor damage might
become significant. |

Installations. The major function of most operating base facilities (65 per
cent by value) is to shelter those activities which are directly or indirectly related
to the combat effectiveness of the wing. Physical damage to structures whose
chief function is to provide shelter has meaning primarily in terms of (1) indi-
rect damage to the contents of the buildings, and (2) deterioration and loss in
efficiency resulting from the absence of this shelter. For most locations, at least
in the initial phase of the strategic campaign, the first effect is dominant. Even
for a period of short duration, the second effect is of importance at Arctic
bases, where the severe climate would cause greatly decreased operating effi-
ciency in the absence of shelter. The need of adequate shelter for efficient
operation, especially in peacetime, is obvious, but the absence of shelter for a
relatively short period in wartime would appear to be less important (except in
the Arctic) than the other damage effects examined.*

Other base facilities (35 per cent by value) have'a more direct functional
relationship with major base activities. Runways and other airfield pavements,
fuel storage and distribution, and power generators are in this category. Physical
damage to these facilities will have an immediate effect on the combat capa-
bility of the wing.

Base structures (hangars, warehouses, shops, operation and communications
buildings, housing, etc.) on most bases will collapse at 5 to 10 psi over-
pressures. And collapse may be followed by fire. Fuel storage and distribution
facilities are vital, and, if located above ground, bulk storage tanks are vul-
nerable to both atomic and high-explosive bombs. At overpressures ranging
from 5 psi (empty tanks) to 15 psi (full tanks), collapse is estimated to occur.

*While activities such as instrument and electronic repair normally carried out in a controlled
atmosphere would suffer more from a loss of shelter than most maintenance activities, this degrada-
tion would be less important thaa the physical damage to fragile test equipment which would result
from building collapse.
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Below-ground fuel storage is vulnerable only to ground or penetration atomic
bursts nearby or to high-explosive bombs—difficult to deliver on this facility
in quantity. Some components of the fuel-distribution system (pumps, power

generators) will suffer from moderate blast overpressures or from direct high-

explosive hits. Damage to the fuel-distribution system will mean greatly ex-
tended fueling times for aircraft and longer periods of aircraft exposure on
overseas staging bases.

Airfield pavements are not vulnerable to atomic air burst (except to large
thermonuclear weapons), but they are vulnerable to a- ground burst, and the

crater produced by the surface burst of a 40-KT bomb (300 ft in diameter)

will effectively destroy a runway if the bomb can be dropped on or very close
to it. However, this calls for extremely high accuracy, and most bases have more
than one runway (see page 324f, below). The residual contamination which
follows a surface or penetration atomic burst raises the possibility of Soviet use
of these weapons for base denial purposes as well as for runway cratering. An
overseas operating base so hit may be put out of operation for weeks. Staging
bases which have intermittent aircraft occupancy and possibly intermittent per-
sonnel occupancy should be less severely affected, and they may be operable
within a matter of days, or possibly hours, depending on bomb size and other
factors (see pages 327ff, below). It should be noted that an atomic attack in
effect reduces an operating base to a staging base by the destruction of struc-
tures, stores, etc. Means to overcome this threat, including the development of
decontamination techniques, respirators, clothing, and the training of wing per-
sonnel are being developed by the Air Force, and base denial from residual
contamination appears to present a less serious problem than direct damage to
aircraft, personnel, and structures.

The cratering of airfield pavements by high-explosive attack is a threat to
refueling bases in particular, which normally do not offer attractive elements,
such as aircraft, as targets. Time and antipersonnel bombs can also be used in
order to immobilize airfields for considerable periods of time, the presently
scheduled equipment and manpower being used for defense against this form
of attack.

Equipment and Supphes. The major functions performed on an operating
base——maintenance, servicing, and repair of aircraft; bomb testing and loading
and occasionally storage of nonnuclear components; housing and support of
personnel; fuel storage and transfer; storage of other supplies; communica-
tions, etc.—depend on the continuing availability of unit essential equipment,
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flyaway kits, station kits, and a wide variety of base stocks. And as initial
supplies are exhausted, continuing resupply from the logistics systcm must
be available.

The destruction of fuel on a base will have an obvious, immediate effect on
operations. This destruction is unlikely, since at least part of the stocks on most
bases will be under ground, and on many bases above-ground fuel storage will
be far enough from the desired ground-zero for aircraft damage for the fuel to
have a fair probability of survival. However, bulk fuel may be a primary target
on staging and overseas operating bases prior to the arrival of bombers from
the ZI, and bulk-fuel storage is a suitable target for high-explosive attack,

especially on those bases that can be reached by IL-28 bombers. While most - |

theaters have substantial off-base stocks of fuel, there may be delays in trans-
portation and distribution to aircraft. The effect on continuing operations may
be important if resupply from the ZI is delayed through enemy attacks on our
ports or shipping. At the least, we can say that fuel is essential, and that it is
often exposed above ground on our overseas bases. While the fuel stored under-
ground appears to be invulnerable to air-burst bombs of moderate size, the fuel-
distribution system is not as tough. On most bases, pumps, the most vulnerable
link in the distribution system, are located very close to the parked aircraft—pre-
sumably the primary target. With damage to the fuel-distribution system, fuel
can be transferred at only a low rate, and aircraft exposure on prestrike and
poststrike staging bases will be considerably extended.

The loss or damage of vehicles, docks, communications, instruments, elec-

tronic systems, aircraft repair and bomb-loading equipment, tools, and flyaway
kits will seriously degrade operations immediately, and unless replacements are
made available, continued operations will not be possible. The assumed vul-
- nerability of base matériel has been presented in Table 41 (page 252f).

Like aircraft, flyaway kits and unit essential equipment can be preserved
from attack on ZI bases by evacuation. They can also be stored off base. How-
ever, in the Soviet attack cases postulated above, there would probably be less
evacuation of unit equipment and supplies than of aircraft, the most valuable
element. The evacuation of over half a million pounds of equipment and sup-
plies from bases within the short time available generates a heavy requirement
~ for vehicles and personnel for loading, and most bases would be hit before
evacuation was completed.

When wartime operations begin, a demand for matériel will be generated
by normal wear and tear of flight, repair of battle damage to aircraft, and
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repair of ground damage to aircraft. At the same time, the supply of this maté-
riel may be decreased back along the line of supply through. attrition from
enemy attack. The operational effectiveness of the force, even at the outset of
the campaign, may depend critically on the availability of 2 minimum essential
quantity of replacement aircraft spares and other supplies. The degree of con-

“centration of aircraft spares in the system is greater than the concentration of

aircraft. While detailed examination of the vulnerability of the depot support
structure is beyond the scope of this study, it is worth noting that attacks on
depots do not add substantially to the number of ZI and overseas targets hit.
Most SAC spares will be located in six ZI depots, and the spares of any aircraft
type will be largely concentrated in two ZI zonal depots. Attrition to depot
supplies will have an effect on operations rather sooner than is apparent from
the putative “thirty days of supply” carried in squadron flyaway kits, with the
high attrition to flyaway-kit supplies on our overseas operating bases that is
expected. The vulnerability of depots takes on a new meaning as the “cushion™
between aircraft operations and depot support disappears through a combina-

-. tion of increased consumption and decreased supply.

Personnel. The protection of personnel against attack is a necessary require-
ment of any defense, not only because we value life highly, but also because
SAC operations depend on the highly organized team efforts of specialists in
many fields. Crews, especially “select” crews, are particularly valuable, and

replacement for these men as well as for many maintenance and other positions.
- would take many months.

Measures for protecting wing personnel on ZI bases are similar to those for
the protection of aircraft and mobile matériel. They can be evacuated from bases
in vehicles, on foot, or possibly in tankers and bombers. However, the evacua-
tion of personnel conflicts with the evacuation of aircraft and matériel, and the
net time available for evacuation of the latter is reduced xf personnel are to be
removed from base before bomb release.

Overseas, the opportunity for personnel evacuation is much more limited.
Attacks with essentially no warning are possible; an attack without warning, or
with only a few minutes of warning, will find most personnel critically exposed.
And where sufficient warning is available for evacuation of personnel, it may
not be possible simultaneously to evacuate bombers and flyaway kits.

Whether or not personnel will be exposed to attack, especially on overseas
bases, in 1956 depends on the extent to which simple and inexpensive defense
measures are generally adopted by that time. The use of slit trenches will
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reduce by a considerable factor the lethal radius of an A-bomb dropped. A pro-
tective measure of this sort can be rapidly provided, and the long lead times
associated with the protection of many other systems elements are not involved
‘here. Other measures described below are even better.

Expected Damage to Some Strategic Bases

The physical damage which will result from atomic attack on twelve of our
scheduled 1956 bases for a range of bomb sizes and aiming errors is presented
in Table 42. We find that very high damage levels result for a wide range of
bomb sizes and bombing accuracy, most of which should be well within 1956
Soviet capabilities. Most, but not all, of the elements on base at the time of
attack are destroyed or rendered unusable for the campaign.

Our strategic bases in many respects present ideal targets for atomic attack.
Most base elements are highly concentrated, even on our relatively dispersed
French Moroccan bases, and a single aiming point is close to optimal for the
great majority of the elements the enemy is likely to want to destroy. Even
where dispersal is practiced overseas, the softer targets (aircraft) are farther
from the base center, while the targets requiring higher overpressure are con-
centrated close to it. Consequently, base layouts correspond roughly to the over-
pressure pattern of the atomic bomb.

A 20-KT bomb dropped with a 4000-ft CEP will destroy or severely damage
close to 85 per cent of the aircraft on the ZI bases examined. Most of the

remaining aircraft will receive minor damage, requiring replacement of some .

damaged airplane components before combat missions can be flown.*
Base structures are damaged only slightly less. On the average, 55 per cent
of the hangars, 45 per cent of shops and warehouses, and 70 per cent of opera-

tions and communications buildings are collapsed. Most of the remainder suffer .

serious damage. Flyaway kits and communications and electronics equipment in
warehouses are assumed damaged in proportion to warehouse collapse.

Bulk fuel has a better chance of survival than other fragile base elements,
" due to its location well away from the selected aiming points. Underground fuel
and pavements are undamaged. There is, however, at least a 30 per cent expec-
tation of damage to the fuel-distribution system.

Approximately 60 per cent of the personnel on base at the time of attack
become immediate casualties, and about 30 per cent of the total probably die.

*In calculating base damage against our scheduled bases, we assumed throughout aiming points
and heights of burst optimal for aircraft destruction, except for surface-burst cases discussed below.
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Table 42
EXPECTED DAMAGE TO SAC BASE ELEMENTS
Airceaft Installations
Operstions
Shops and and
Hangars Warehouses POI.. Communications
CEP Major Light 100% 30% 100% 0% {Above 100% 30%
Base (ft) |Destroyed | Repair Repais | Collapse | Collapse | Collapse | Collapse | ground) | Collapse § Collapse
100-XT sOMS
Betgstrom (ZI) 1300 10 1.0 1.0 0.63 10
4000 0.83 0.13 e 083 0.13 0.73 0.2 0.43 0.7% 0.2
Ben Guerir (FM) 1300 0.63 03 0.03 093 0.03 093 0.03 P 093 0.03
4000 0.6 .03 0.10 0.73 0.2 0.7 0.13 0.03 0.7 0.13
Dhahran 4000 0.81 0.17 0.02 094 0.03 0.72 0.19 0.4% 0.73 0.13
Eielson 4000 0.80 0.18 0.02 094 0.06 0.72 0.16 T 040 on 0.12
Goose Bay 4000 0.69 0.22 0.08 0.76 0.13 0.33 0.26 0.13 veus e
Lages 4000 0.83 0.3 oo 0.718 . 012 0.16 017 (1] 044 0.22
Little Rock 4000 0.86 0.14 ceee 0.99 0.0} 0.73 0.23 0.29 0.66 0.20
Santa Maria 4000 0.80 0.19 0.0t 0.93 0.0% 0.76 0.24 0.50 0.64 0.14
Thule 4000 0.71 0.20 0.08 0.84 0.11 0.36 0.23 0.43 0.72 0.24
Wheclus 4000 0.79 0.14 0.06 0.7% 0.12 0.62 0.22 0.44 0.63 0.22
Typical
overseas bases 4000 044 023 0.4 0.66 0.13 0.36 0.21 018 0.33 019
40-XT 3OMB
Bergstsom (Z1) 1300 ° 093 0.03 e 093 0.0% 093 0.03 0.6 093 0.03 .
’ 4000 0.6 0.23 0.1 0.6 0.3 0.33 0.2 0.23 0.33 0.2
Ben Gueric (FM) 1300 0.43 03 0.13 0.8 0.2 08 0.1 eee 083 . 01
4000 03 0.3} 0.13 0.33 0.2% 0.3 0.2 cres 0.3 0.2
Davis 4000 068 0.30 0.02 0.67 0.11 033 0.20 ) 0.06 0.30 0.22
. Goose Bay 4000 0.47 0.33 0.08 0.58 0.18 0.37 0.18 , 0.0% vevn veve
Little Rock 4000 0.69 0.26 0.03 0.80 0.20 0.36 0.16 0.0 0.34 0.12
March AFB 4000 0.63 0.3 0.04 0.68 6.18 0.36 0.14 0.24 0.47 0.18
Thule AFB 4000 048 037 0.14 0.62 0.18 0.27 0.07 0.22 0.36 0.13
20-K7 3OMB
Goose Bay 4000 *0.33 0.33 .14 0.42 0.16 0.24 o011 0.04 e cees
Little Rock 4000 033 0.3 0.07 0.3 0.26 042 0.18 0.06 033 0.24
Thule 4000 0.32 032 021 0.44 0.17 0.11 0.7 0.13 0.40 016

¢ Multipurpose air base: 2 medium-bomber wings oversess, dispersed (ares dispersal against high explosive).
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In addition to the 60 per cent of mmedxatc casualties, an additional 20 per cent
have to be relieved of duty within about one week.

Larger bombs (from 40 to 100 KT) increase the proportxon of aircraft
destroyed as compared with those receiving lesser damage, but the already low
proportion immediately available for combat is hardly reduced further.

In sum, there is a high probability that those elements not evacuated from ZI
bases before bomb release would be destroyed (except pavements and oper-
ating-fuel storage, located underground), and a unit on base at the time of
attack would be effectively destroyed. If the attack occurred after the deploy-
ment overseas of medium-bomber units, or after the evacuation of aircraft,
flyaway kits, and personnel, this damage would have little effect on the cam-
paign, since bases abandoned in accordance with the Mobility Plan have no
immediate function to perform in the campaign. Zone of the Interior heavy-
bomber bases, on the other hand, would have to support continuing operations,
and damage to facilities, apart from losses of aircraft, flyaway kits, and per-
sonnel, would degrade continuing operations. On most bases a mixed situation
would exist: some aircraft, flyaway kits, and personnel would be off base at the
time of attack, and only those remaining would be exposed to the damage indi-
cated. No estimate has been made of subsequent combat effectiveness of wings
which survive with unequal fractions of aircraft, supplies, and personnel, since
the direct loss of aircraft alone appears unacceptably high.

Expected damage on overseas bases would differ little from that in the ZI
Alrcraft on bases with Jarge Jispersal areas would force the use of the larger
bombs—40 to 100 KT in size—to achieve high coverage. On Ben Guerir, for
example, an average of 65 per cent of the aircraft would be destroyed or seri-
ously damaged by a 40-KT bomb dropped with a 4000-ft CEP. A 100-KT bomb
dropped with the same accuracy would destroy or severely damage 90 per cent
of the aircraft. With a 1500-ft CEP, likely in daylight attacks, bombs of 20- to
40-KT size would give high coverage on all but our largest bases.

We have not attempted to fix optimal bomb-yield~CEP combinations for
attacks on our bases. Differences in total fissile-material requirements for dif-
ferent bombs that may be used against SAC are small in relation to the uncer-
tainties regarding the Soviet fissile-material stockpile. It appears that bombs of
about 40 KT in size are adequate for high levels of damage, except for a few
of the largest bases. With low CEP's, possible in daylight attacks, bombs as
small as 20 KT in size would be suitable against most bases. We shall have only
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four or five bases so spread out that bombs of a size as large as 100 KT might
be profitably used for very high coverages.

Overseas base damage would affect strategic operations dxffercntly, depend-
ing on intended base functions and the system elements on base at the time
of attack: v

1. Any unit attacked while bombers were on base, either before or after the
first strike, would lose or have damaged most of its aircraft equipment, flyaway
kits, and nonevacuated personnel. A unit so hit would be effectively destroyed.

And since B47’s on overseas operating bases would spend most of their time on

bases accessible to Soviet attack, the expectation of such damage is high.
2. Overseas operating bases hit before the deployment of tactical aircraft

overseas would suffer damage which would not prevent base use, except for a -

brief period for recuperation that should not last longer than a few days, since
airfield pavements would remain available for use. However, these bases would
be useful largely for staging purposes only. |

3. Damage to overseas staging bases while unoccapied by bombers would
introduce a delay for recuperation of perhaps a few days before these bases
- could be used. Longer prestrike and poststrike occupancy periods would result.
However, the functions performed on these bases are relatively simple, and they
are performed in large part with matériel and by personnel brought in with the
tactical aircraft. Damage to communications, ground-handling and power-gen-
eration equipment, and casualties to base personnel would reduce the traffic-
handling capacity of bases intended for staging use, but the essential elements
required for the mounting of strikes would appear to remain substantially intact.

Expected damage to parked aircraft from high-explosive attacks is fairly
high for heavy Soviet attacks; structures, and especially pavements, are less
easily damaged. Dispersed parking of aircraft on overseas bases generally does
not reduce expected damage from atomic attacks but very substantially reduces
expected loss to high-explosive bombs. Force requirements for effective high-
explosive bombing attacks are high compared with requirements for atomic
attack, and most of the TU-4 force and a large part of the IL-28 force will be
required for simultaneous attack against our overseas base system.

Expected Damage to the Formerly Programmed Force ~

So far we have discussed separately the component parts of the base vulnera-
bility problem: the strategic force as a target; resources devoted to attack against
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it; bomb delivery on base; elements at risk at the time of attack; and physical
damage and some of the implications of this damage. These components con-
sidered jointly permit an assessment of total strategic-system vulnerability.

D-day Attack: Zone of the Interior. A surprise Soviet attack against ZI
~ strategic bases would probably result in unacceptably high damage to SAC.
These results can be summed up as follows:

1. For a total bomber commitment of 300 to 500 bombers to all ZI targets,

and the commitment of 30 to 60 bombs specifically against SAC, from 50 to
70 per cent of the ZI strategic bases would be hit, and 20 to 30 per cent of the
Zl-based aircraft and associated flyaway kits and other mobile matériel would
be destroyed or seriously damaged. Most of the facilities on the bases hit would
be damaged and rendered unusable until replaced or repaired. Less than 10 per
cent of the aircraft would be able to take off in Condition Bravo ready for
deployment overseas; most of the surviving aircraft would have to assemble
with surviving flyaway kits and personnel at alternate emergency bases before
deploying overseas. Attack would be at high altitude, coordinated for penetra-
tion of our ZI radar net (60-min spread in bomber penetration times) and along
relatively direct routes. No Soviet use of deceptive tactics or countermeasures
is assumed, and the SAC evacuation plan performs as expected (see Fig. 78).

2. The Russians should be able to accomplish significantly greater damage

by sending more bombs to each base, attacking at low altitude with a smaller
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force, achieving better coordination of penetration, and following minimum-
penetration routes. Forces committed to attack might be reduced by these meas-
ures and by the attacking of only peripheral bases, using countermeasures, etc.
By these measures, as few as 50 to 100 bombers might be profitably committed
to ZI attack—and SAC ground attrition upward of 70 per cent might result. In
the high-altitude-attack cases, most of the aircraft destroyed would be those
which required shallow penetrations, and the strategy of attacking only these
bases would yield almost as much ground attrition at a substantially lower cost
in bombers. The 15 bases nearest the edge of our Atlantic, northern, and Pacific
radar boundaries would suffer 70 per cent of the aircraft loss. If attacks were
confined only to these areas, the Soviet attacking force could be reduced in size
by nearly 50 per cent. '

In sum, it appears that SAC could suffer extensive damage to aircraft, per-
sonnel, and matériel in a surprise attack on the ZI. This damage, even with far
from optimal enemy tactics—high altitude, selection of direct routes, etc.—
would be unacceptably high, and it might be within enemy capabilities to de-
stroy a majority of SAC Zl-based aircraft.

D-day Attack: Overseas. Units on rotation overseas would suffer high
attrition from initial Soviet attacks. With a force of about 50 TU-4’s, 200
IL-28's, and 20 A-bombs (mostly 40-KT bombs, with perhaps a few as large
as 100 KT) about 55 per cent of the aircraft, supplies and equipment, and
facilities on the occupied bases would be destroyed or severely damaged on a
single strike and follow-up strikes mounted within a matter of hours or days.
On a single strike, damage to about 50 per cent of the bombers stationed over-
seas would result from large-scale high-explosive bombing attacks on units on
rotation. Attacks involving about 100 TU-4’s and 500 IL-28’s would be required
for this level of damage.

Post-D-day Attack: First SAC Strike. We find a distinct difference between
the expected attrition of medium bombers and that of heavy bombers on pre-
strike bases. Heavy bombers would stay on overseas prestrike bases for relatively
short periods and would stay mostly on bases far removed from the Soviet
Union. Some heavy bombers might not prestrike-stage overseas at all. In short,
if heavy bombers remain on base for only 12 to 16 hr, as we have assumed,
and on remote overseas bases at that, then attrition to aircraft and other mobile
systems elements should be slight (see Fig. 79).

Medium bombers would fare less well. With anticipated rates of deployment
overseas, the Russians would have an opportunity to attack most of these units
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prior to launching of the first strike. If the build-up time were as long as
3 days, there would be opportunity for repeated Soviet attacks. Aircraft attri-
tion ranges from 20 per cent in the case of high-explosive bombing attack to
75 per cent in the case of large-scale atomic attack.* |
Russian attacks on heavy-bomber poststrike bases might result in higher attri-
tion than on prestrike bases. These bases are closer to the Soviet Union in order
that bombers can be light over enemy territory. If our flyable bombers remained
for as long as 24 hr on these bases before returning to the ZI, the enemy would
be afforded a considerable period for attack. And while likely periods of occu-
pancy could be inferred from the departure of our bombers from over Soviet
territory, speedy attacks on our poststrike bases might be impossible as the result
of base damage caused by our attack, Soviet evacuation of aircraft, interrup-

* This lower limit assumes a substantial Soviet effort to stop us before the first strike—but not
at the expense of investing A-bombs on possible “empty” bases. In 1956 we may be able to afford
to put A-bombs on Soviet bases with or without aircraft. The Russians presumably cannot afford to
be as profligate in 1956, and they risk missing aircraft when they attack operating bases during
the period of overseas deployment, or when they attack staging bases at any time. Note that evacwa-
tion introduces uncertainty of bomber occupancy on ZI bases as staging does on overseas bases. How-
ever, well before 1961 the Soviet bomb stockpile should permit attacks on unoccupied as well as
occupied bases.
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tion in communications, etc. Figure 79 shows a large estimated range of attri-
tion on poststrike B-3G bases. This uncertainty comes from indeterminacies as
to the speed with which our bombers can be moved through poststrike bases
and from different time lags before the mounting of Soviet attacks against these
bases. With an occupancy period as long as 24 hr, it appears that poststrike
heavy-bomber attrition might be as high as prestrike medium-bomber attrition.

Post-D-day Attack: The Continuing Campaign. The position of B-47 units
stationed on overseas bases after D-day would be similar in most respects to the

- position of units on rotation on D-day. Most attacking bombers would survive

to bomb, and our aircraft would generally be on base at the time of attack. The
attacking formations required for successful penetrations would be so small that
practically complete destruction of all Soviet aircraft capable of carrying
A-bombs or the exhaustion of the Soviet stockpile of A-bombs would be neces-
sary before we could occupy programmed overseas operating bases with con-
fidence that we should not suffer high ground attrition.

B-47 units held in reserve in the ZI and B-36's operating from ZI bases should
suffer relatively little attrition after the initial surprise attack. Repeated large-
scale, one-way attacks against the ZI would be unlikely. Our active defenses
would be on a high state of alert, and rapid evacuation of bombers should be
possible. However, damage to base facilities from an attack, on D-day or later,
would seriously impede operations, and alternate bases might have to be used
for the campaign.

Conclusions

Concerning the effect of such high levels of ground attrition on the accom-
plishment of the major missions of the strategic force, we draw no explicit
conclusions. It appears that, for some of these damage situations, the ability of
the surviving force to accomplish its tasks is by no means certain. And at the
very best it is not economic to procure and maintain a force of aircraft and a
base system most of which will contribute little to the campaign.

The levels of loss indicated are by no means certain. Some of the require-
ments for attack may not be possible or acceptable to the Soviet Union: highly
coordinated attacks, one-way missions against the ZI, extensive aerial-refueling,
etc. And the enemy may have a more limited atomic capability than we expect.
At this writing, however, these capabilities cannot be ruled out, and we cannot
trust the survival of our strategic force to the expectation that these capabili-
ties will be impossible for the Soviet Union to meet.
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Vulnerability conclusions affecting different base areas are differently sensi-
tive to Soviet capabilities, commitments to SAC neutralization, and SAC strike
deployment. There is some flexibility in base choice, in strike time, and in the
proportion of the force to be deployed. However, there will exist physical con-
straints which will limit these alternatives. Least sensitive is the conclusion that
our overseas operating bases will be primary targets, that the Soviet strategic
force will, with a high probability, succeed in putting A-bombs on most of these
bases, and that units using these bases will be effectively destroyed. Less certain

is the damage likely to be suffered on our staging bases and the damage

likely to be suffered on ZI bases. In the following section we examine meas-
ures intended to reduce the vulnerability of the strategic force, including, in
particular, the intensification of those measures discussed above which appear
most promising. '

REDUCING THE VULNERABILITY OF THE STRATEGIC FORCE

The problem of reducing the vulnerability of the strategic-base structure does
not exist for a point in time, but rather it extends from the present to an in-
. definite future. With time, the type and magnitude of the threats presented
changes; measures adequate against 1956 Russian capabilities may be inade-
quate against 1960 Russian capabilities. It is important to select a base system
which has value not only for present, but also for later systems. This does 7ot
mean that we should not adopt measures which will have only a short-life
usefulness. It merely means that we recognize that such measures must be
“amortized”” over a short period. Many of the inexpensive, microscopic passive
defenses examined are in this class. The Air Force has a large inheritance of
bases from the past; it is building many more; and changes in this basé structure
are not made rapidly. Some measures for reducing vulnerability which radically
change the character of the base structure may take years to accomplish; but
other measures, ones which involve a change in patterns of base use or compara-
tively minor changes in installations or equipment, can be accomplished in a
relatively short time. In this section we examine a variety of possible types of
defense in the light of these criteria: (1) the cost versus the effectiveness of
alternate measures;. (2) the sensitivity of different measures to changes and
uncertainty in Soviet capabilities, in force commitment to SAC neutralization,
and in weapons performance; and (3) constraints on our abilities to achieve
certain defense postures. In- comparing alternative defenses on economic
grounds, we have chosen to measure the effectiveness of defense measures in
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terms of the cost of preserving aircraft and other systems clements from ground
loss and having them available for combat throughout the campaign. In Part 1T,

the more complete criterion of measuring effectiveness in terms of total cam-

paign cost is used. We have not examined the defense of the logistics-support
structure beyond base level. '

Two costs must be considered when a bombing system operates in the face of
enemy attack. These are (1) for the defenses—active and passive—which pre-
vent damage, and (2) for those elements destroyed which must be replaced if
we are not to be denied their use for the campaign. Active and passive defenses
incur dollar costs during peacetime before the start of the campaign; gxound
losses incur dollar costs in reserves for expected ground aticition or result in &
reduction of operational payoff—fewer targets destroyed, sorties n:ounted,
combat aircraft available. In most of the defense comparisons, we use as 2 meus-
ure the availability of aircraft capable of performing coml:at missions. How-
ever, some defense choices must be made in the larger campaign context (e.g.,
the reserving of bombers in the ZI as a means for reducing force yxrmurc on
overseas b“ses), and in Part III some critical defense choices are examined on
the basis of target destruction in such a campaign context.

Many defenses examined are sensitive to the number and characteristics of
the bombs and carriers employed against our force, tactics ermployed. and timing
of Soviet attack. How can a rational choice be made with soch uncertainty?
First, there are passive-defense measures which cost so little and return so much
for high-enemy capabilities that there is little question that we are justified in
adopting them (e.g., personnel shelters on overseas bases). Second, defcuses
vary in their sensitivity to bomb size and bomb stockpiles; and while the size of
the Soviet stockpile and the size of bombs available are imperfectly known, it
is a growing stockpile and it will contain larger bombs over 2 period of time.
If we overestimate enemy capabilities in our choice of a defense scheme for
1956, the enemy will have corrected our error by 1961. Third, the passive
defenses we adopt act as insurance against darmoe by an cmm) attack which
uses a smail number of small bombs and cartiers. It the stratecic force adoot

b

i

passive defenses which, say, trxplc the amount of iissile muuml that must be
delivered to accomplish a given degree of damage, then, if we are fortunate.
the Soviet atomic capabilities will have been excceded. If not, then the other
potential U.S. targets—tactical air, Army, industry, and popuirticn—gain pro-
tection. For example, the dispersal of aircraft on many e<isting cverseas huses
has reduced vulnerability to high-explosive bombs, and this forces the expendi-
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ture of atomic bombs if the Russians are to achieve high damage rates early in
. the campaign.*® It appears that it will be possible to defend the strategic force
~against a high Soviet attack capability with high probability and at reason-
able cost.
The application of some of these defenses is subject to physical, political, and

production limitations. Expansion in our overseas base system is limited in some

areas by lack of sites for 10,000-ft runways, and by the reluctance of countries
which are prospective hosts to permit the granting of further base rights. Politi-
cal considerations are preventing local dispersal in the United Kingdom. Under-
ground construction presents problems in the Arctic. Some more efficient active-
defense weapons will not be available in quantity in 1956. However, most of
the alternatives we illustrate are generally feasible. |

Zone of the Interior Bases

The defense of SAC ZI units consists in (1) protecting bombers and other
mobile systems elements from an initial surprise attack and, in the case where
bombers do not deploy overseas, from continuing attack; (2) providing fixed
facilities for operation throughout the campaign in the face of enemy attacks
for those systems with continued ZI basing. The protection of the ZI-based
force makes use of each of the types of measures outlined above, and particu-
lar emphasis is placed on measures which exploit the mobility of many essential
systems elements. The defense of ZI-based units is common to all systems:
programmed; modified, advanced, and intermediate overseas operating based;
and intercontinental air refueled and ground refueled. They must all be de-
- fended against a D-day surprise attack, and the intercontinental systems must
be capable of sustaining continued operations from ZI bases.

Overseas Bases

If we are not to abandon overseas bases altogether, we must choose between

increasing active and passive defenses in order to make operations with accept-
able ground attrition feasible, or changing the function of these bases to that of
staging. It appears that both avenues of defense should be followed. Overseas
strategic fighter and fighter interceptor units requiring basing overseas can

* Increasing the cost to the Russians of destroying our strategic force is small consolation to those
who are concerned with the accomplishment of the SAC mission. And without looking at the war in
a larger context we cannot be certain how much to spend on SAC protection. It appears, however,
that many of the defenses will survive this larger survey.
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benefit from improved active and passive defenses. However, the method of
defense appropriate to the largest part of the strategic force is an intensifica-
tion of the SAC staging method of intercontinental operation combined with
increased active and passive defenses of forward bases.

"DEFENSE MEASURES

A reduction in base vulnerability can be obtained by changes in each of the
five areas described below, which correspond approximately to the successive
time phases of an attack:

1. Reduce expected level of attack and target value by macro.fcopzc pas-
sive defense.

2. Reduce level of attack by active defense.

Reduce the elements at risk at the time of attack.

4. Reduce physical vulnerability and coverage of base elements by macro-
scopic passive defenses.

5. Reduce recuperation time by damage-control and recuperation measures.

bt

Macroscopic-defense Measures: Large-scale Base-system Changes

Under the heading of macroscopic passive-defense measures we include the
dispersal, multiplication, and relocation of base functions to separate airfields
over distances which range all the way from a distance just exceeding the
lethal diameter of the largest bomb expected (H-bomb) up to thousands of
miles. We consider two distinct types of large-scale base-system change: One
is multiplication and dispersal of some or all base functions within a given
theater; the other involves the removal of functions to locations remote from
Soviet striking power.

Dispersed Operation. Widespread dispersal of vital elements of our stra-
tegic force to separate bases has been frequently suggested as a defense against
atomic attack. Our programmed base system incorporates a wide range of types
of dispersal: One B-36 wing is assigned to each ZI base where two would be
possible and, vulnerability considerations aside, also economic; one medium-
bomber squadron has been assigned to some UK bases; dispersed aircraft park-
ing is provided on many overseas bases; 2 widespread overseas staging-base sys-
tem is being developed. These measures are intended to reduce the point
concentration of systems elements. The differences are only of scale. We dis-
tinguish between large-scale (macroscopic changes) dispersal, which involves
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addmonal airfields, and changes within and around a basc (mxcroscopxc
changes). '

Dispersed operatzon of no more than one wing per base, one squadron per
base, or even part of one squadron per base has been suggested as a defense
against atomic attack. By dispersed operation we mean the establishment of
separate and distinct bases for the continuing peacetime or wartime operation
of bomber units capable of providing complete base-level support, including
the three echelons of maintenance, supply, housing, etc. The only function not
performed at each base may be that of command and administration. Since no
base is dependent for support (except for command) on any other base likely
to be attacked, such dispersal has the effect of multiplying the number of points
that the enemy must hit in order to destroy a given proportion of our strategic
force and its base support. Where the enemy has a limited stockpile of atomic
weapons or 2 limited delivery capability, this measure acts to preserve the force
by presenting more targets (each of lower value) than the enemy can hit.
Where the-enemy has an atomic delivery capability which exceeds our degree of
dispersal, then the net gain in survival of the strategic force through dispersal
may be trivial, and the force surviving from a fixed budget for the procurement
of bases and bombers may even be /ess than if we had not dispersed. The payoff
from macroscopic dispersal is critically dependent on the relative size of the
base system we present and the number of bombs the Russians commit and
successively deliver on our bases. Figure 80 shows:indirectly the effect of a
range of base dispersal on ground attrition (leaving aside for the moment the
reduction in aircraft attrition through the execution of the evacuation plan)
for three levels of Soviet bomb commitment against the ZI. Expected 1956
ADC effectiveness has been assumed. For a Soviet bomb commitment of 30
bombs on one strike, there is a substantial reduction in attrition as we disperse
from two wings per base to one wing per base. If one squadron were assigned
to a base with this low bomb commitment, less than 10 per cent of the bases
would be hit. Unfortunately, we have no assurance that the Russians will not be
capable, within quite wide limits, of matching our additional operating bases
with additional bombs, and the result of some  higher bomb commitments is
shown. The defense of basing our bomber force in the ZI with only one
squadron to a base (which would involve the addition of 102 bases to the 30
scheduled, if all units were to be so dispersed) will be offset if the Russians
are able to commit, say, 150 bombs to attack SAC. We have no assurance that
the greater number of bombs required will not be committed, since the expected
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size of the Soviet stockpile in 1956 is approximately 400 100-KT bombs. It
might be as large as 800. And it will be growing rapidly. .

Dispersed operation involves costs for us as well. Additional bases, equip-
ment, and personnel must be procured. An estimate of these costs for separate
squadron operation of the B-36 has been presented in a previous RAND study.*
The costs of three degrees of concentration of B-36's and B-47’s (two wings per
base, one wing per base, one squadron per base) are summarized in Table 43.
Going from two wings to each base to one wing adds about 5 per cent to the
total 3-year system cost of buying and operating a wing of bombers. Further
dispersal to squadron strength adds about 15 per cent more to the system cost.
Squadron dispersal of the strategic force would cost over $2 billion.

Figure 13, page xxvii, shows the net effect on the bomber force we can pro-
cure and have in a state of survival if we take a fixed budget for the procure-
ment and operation of our strategic force in the ZI (including costs for aircraft,
bases, personnel, equipment, stocks, etc.) and subject it to various levels of

*The Cost of Decreasing Vulnevability of Air Bases by Dispersal—Dispersing a B-36 Wing,
Cost Analysis Section, The RAND Corporation, Report R-235, June 1, 1952 (Secret).
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Table 43
B-47 SYSTEMS COSTS
(In millions of dollars)

2 Wings per Base 1 Wing per Base 1 Wing on 3 Bases
Initial | Anoual | Initial | Anoual | Initial | Anoual

Installations

Technical fadlities 395 | ..... 29.5 ceee 53.6 e

Personnel facilities - 250 | ..... 15.6 ees 29.6 cene

Maintenance ceens 31 | ..... 22 | ... 4.2
Major equipment

Mission 200.0 - 22.2 100.0 11.1 100.0 111

Support 200 | ..... 10.0 ceee » 10.0 ceas
Minor equipment

Organizational 13.0 0.8 6.5 0.4 10.8 0.7

Ground radar 0.6 0.1 0.6 0.1 : 1.8 0.3
Stocks

Initial 3.7 | ..... 2.5 ceen 3.5 ceee

Readiness reserve 44 | ..... 2.2 ceee 2.5 ceee

Spares 944 | ..... 47.2 . 472
Traasportation 1.8 2.2 09 1.1 13 1.6
Personnel - .

Training 420 10.5 228 5.7 28.0 69

Pay and allowances | ..... 190 | ..... 102 | ..... 143

Travel 1.2 1.0 0.6 0.5 0.8 0.7
Maintenance

Missionaireraft = | ..... 172 | ..... . 86 | ..... 8.6

Supportaircaft =00 | ..... 1.2 | ..... 06 | ..... 0.6
POL

Missiom = | ..... 9.6 e 48 | ..... 48

Supportt | ..... 06 | ..... 0.3 Ceeees 0.3

‘Miscellaneous | ..... 2.6 s 1.3 | ..... 1.3
Service and miscellaneous | ..... 08 ceean 04 | ..... 0.4
Intermediate commands | ..... 60 | ..... 30 | ..... 3.0
Ovethad @ | ..... 344 | ..... 17.2 | ..... 17.2
Total 443 8 129.1 238.4 67.5 291.1 76.0

CosT oF BoMBERS 90 435 45
Cost per bomber 49 1.4 5.3 1.5 64 1.7
THREE-YEAR COST 9.3 9.8 11.5
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enemy attack. For small bomb commitments by the Russians, the reduction in
ground loss with dispersal is greater than the reduction in the force of aircraft
that can be procured. However, if the Soviet Union is willing to commit up to
120 bombs, there will be no net gain in bombers surviving for combat. These
results, which exclude the effects of evacuation, apply to overseas areas. Where

. evacuation is possible, dispersed operation is still less economic, as shown by

Fig. 14, page xxviii.

Eighteen strategic bases are scheduled for bomber, tanker, and fighter use in
the United Kingdom. Unless a major part of our strategic force is based there
(and our present policies tend to reduce dependence on this area), not more
than one or two squadrons would have to be located on each base. But the
attacking of eighteen bases in 1956 will take a much smaller proportion of the
estimated Soviét stockpile of bombs (4.5 per cent) than the attacking of ten
bases would have taken in 1950 (20 per cent). And in the United Kingdom
there is the additional threat of high-explosive attack. The levels of damage
presented indicate that where high-explosive as well as atomic attack threatens,
dispersal, to be justified, must have the effect of straining the enemy’s air-

delivery capability for conventional bombs as well as his A-bomb stockpile.

So far we have referred only to the dispersal of aircraft having dispersal of
supporting base elements. Other systems elements may require protection by
macroscopic dispersal independently of the method of protecting aircraft: in
particular, the protection of nonmobile base elements that are vulnerable to
attack and that are difficult to protect by such measures as evacuation. Alternate
airfields are provided for aircraft evacuated from ZI home bases and for the
reassembly of aircraft, personnel, and flyaway kits, as a component of SAC '
evacuation and deployment plans. While the expected survival of runways,
taxiways, and aprons on home bases is high, the loss or damage of other base
facilities will make strike preparations difficult, and the threat of a surface
burst or thermonuclear-weapon attack will make use of these bases for strike
preparation impossible for a considerable period (if extended periods of base
occupancy are required). Consequently, the availability of airfields, not for
dispersed peacetime operation, but for alternative wartime use in preparation
for overseas deployment or for continued use during the campaign, is of impor-
tance. At present, Training Command, Air Materiel Command, and municipal
airfields are being-used as alternate bases, and a large number of fields are
available for emergency use at little added cost in facilities. Little augmentation
to these fields is required if they are to be used only in connection with the

273




evacuation plan. If, however, operations are to be conducted intercontinentally
and the threat of base denial increases as expected over time, then alternate
bases may require added minimal facilities, such as airfield pavements, fuel,
fuel-distribution systems, etc. The cost of providing these supporting facilities
would come to between $1 million and $5 million for each alternate base so
augmented. Overseas, there is a multiplicity of nonmobile systems elements—
runways, fuel storage—offered by the extensive system of staging bases that
can be used in the event that our operating bases are denied us when needed.
We may also be able to use NATO tactical bases, British bomber bases, and -
municipal airfields. The cost of increasing a fighter base to minimal medium-
bomber standards overseas comes to about $8 million as compared with $40
million to $60 million for a new medium-bomber base. -

Relocation (ZI and Intermediate Operating Base Systems). A second type
of macroscopic base defense is relocation of base systems elements on sites
more remote from the Soviet Union. Operation from intermediate or inter-
continental distances in order to reduce the choice of types and number of
aircraft with which the enemy can attack is a defense of this character. The
utility of this measure must be evaluated in weighing the vulnerability of the
intermediate operating base systems, since distance from the Soviet Union is
the characteristic which distinguishes them from the advanced operating base
system. The measure is of undeniable use in reducing vulnerability to high-
explosive attacks. These require repeated sorties to cumulate damage and
generate a large sortie requirement for this reason. Unfortunately for the
defense of such a system, this effect is not very important when we expect
atomic attacks. As the discussion of sortie rates in the section entitled “Base to
ZI: The Cost of Operations outside the ZI,” page 187, made clear, the admin-
istering of damage to a soft target using nuclear weapons does not require
repeated visits. And, as the discussion of the physical vulnerability of aircraft,
presented earlier in Part II, showed, these are soft targets. In consequence,
backing off short of the ZI, where evacuation is feasible, does not help
very much. Large-scale relocation of systems elements to the rear is of value
only as it permits us to adopt orber defense measures—active and péssive—not
feasible or effective close to enemy territory. The use of evacuation in the ZI
is possible only because of the distance of these bases from the Soviet Union
and the existence of ADC radars and interceptors to screen small enemy attacks
and feints. .

In sum, protecting SAC by matching increases in the Soviet stockpile of bombs
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" with additional operating bases is an uneconomic business—especially since we
have little confidence in our estimates of Soviet capabilities. However, those
forms of macroscopic dispersal which make use of large numbers of existing
facilities and which require little in the way of additional funds appear attrac-
tive. In particular, this is true of the use of alternatives for emergency operation
in the ZI and the use of alternate bases for staging overseas.

Increased Active-defense Effectiveness

Active defenses have several advantages over passive defenses: They force
the commitment of a larger bomber force for a given survival probability,
reduce the resources available for reattack, and cause more gross errors and
higher CEP’s. Defense primarily by passive means leaves the initiative to the
offense; and a relatively minor effort may result in major disruption, if not
damage, to the defense. In most respects, however, the use of active defenses for
strategic-base defense must be regarded as complementing rather than replacing
the use of passive defenses. Defense largely by active means is not likely to be
economic, and it calls for a confidence in the effectiveness of our weapons
against enemy carriers, routes, attack tactics, and countermeasures which does
not appear to be warranted at present. A combination of active and passive
defenses is called for, and the relative proportions of each depend on base
location, enemy attack capabilities, costs, and weapons availability.

Overseas Bases. The kill potential of our programmed overseas interceptor
units could be substantially improved by added radar, but it woxld remain low
in relation to the expected number of attacking aircraft, even under optimum

conditions of warning, control, and feint protection.

The time required for detection and identification of a raid, warmng trans-
mission, fighter-scramble, climb-to-altitude, flight-out, detection, conversion,
etc., amounts to about 20 min as a minimum for F-86D interceptors against a
high-altitude TU-4. With imperfectly maintained radars, lags in transmission,
initial vectoring errors, etc., it can take as long as 40 min. This amount of
warning /s scheduled for many overseas bases against high-altitude attacks, but
is generally more than twice the coverage scheduled to be available against low-
altitude attacks. In the case of low-altitude attacks against Keflavik, Nouasseur,
and Lajes, only fighters on air patrol would have a chance to engage if mini-
mum-penetration routes were flown by the Russians,

The effectiveness of ZI-based fighters is limited in a surprise-attack situation
by the rate at which pilots can be assembled and aircraft readied for combat.
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At such overseas bases as Thule and Goose Bay, the pilot-assembly problems
should be less difficult; and in order that two-thirds of the fighters may engage ‘
in combat; at least 30 min of additional warning (150 mi with TU-4 attacks)
must be provided in addition to that required for efficient interception.
Figure 81 shows the effect of greater radar cover on the combat effectiveness
of our F-86 defenses. With an increase in coverage from 50 out to 250 mi, the
interceptor kill-potential shows a very large increase against straightforward
Soviet attacks. However, the enemy may feint, attack in waves, or use other
deceptive tactics. With radar cover insufficient to reveal the pattern of the
attack, the defense commander has to face the choice of withholding a part
of his fighters as insurance against feints or successive attacks, or he must risk
having few or no fighters available if a second wave materializes. If deceptive
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tactics are used against us, a further increase of about 200 n mi is necessary
to maintain interceptor effectiveness. :

Augmentation of overseas strategic-base radar coverage of the magnitude
indicated raises serious cost, feasibility, and performance questions. If all 20 of
the non-United Kingdom overseas operating bases were to be furnished with
sufficient radar to provide a moderate level of protection against a TU-4 threat
(300 mi), a minimum of 50 high-altitude ground radars, 300 low-altitude
radars, and at least 20 airborne early warning (AEW) stations would be
required.® The total procurement and 3-year operating cost of these additional
radars would come to $2.7 billion. The requirements for overseas AEW aircraft
would be two and one-half times the number scheduled for the defense of the
United States. And this radar coverage provided is adequate only if the Russians
do not use higher-performance aircraft than we expect. Providing 300 n mi of
radar coverage around Keflavik may be sufficient if only TU-4 bombers are
expected, but if refueled or wing-tipcoupled IL-28 or EF-150 bombers can be
used, the effectiveness of the defenses is greatly diminished.

Even with augmented radars, the defense kill potential of our programmed
interceptors and guns would remain low in relation to the size of Soviet attacks
expected. Augmentation of the same type of interceptors and antiaircraft
artillery (AAA) as that programmed would have the result shown in Figs.
82 (below) and 15 (page xxxi).

For bases that can be brought under IL-28 attack, even very large increases
in defense effort reduce enemy bomber survival only moderately. Bases within
TU-4 unrefueled radius show a greater improvement, and those requiring
refueling show a distinct reduction. High-explosive attacks can be made

- unprofitable against bases beyond IL-28 radius. However, these active-defense

weapons are expensive to procure and operate relative to their effectiveness,
and if the cost of defending SAC is charged to the same budget as are the
bombers, there is no significant increase in the force available for combat. The
cost of added radar, interceptors, and AAA of the type presently scheduled
more than offsets the saving in bombers, and there is a slight net decrease in
the number of bombers available for combat for a wide range of Soviet attack
levels. These defenses cost about as much as they save.

*We have excluded consideration of augmenting UK radar coverage, since this is clearly a
matter that involves defense of NATO tactical airfields as well as British population and industry,
and it does not seem feasible to isolate SAC defense.

277




o
~

Boses within 1L-28 radius

[}
»
T

£3ses within TU=4 unrefueled rodius
and beyond !L-28 radius

Q
b
!

&

tnbound survivel probabitity of SU bombers
o]
)
T

8

§ 0.l b Bases within TU-4 rafueied radius . ‘
| and beyona TU-4 unrefueied radius !
o L ! L — ] 1 ; 1 |
[¢]

00 200 300 | 400 5CO 600 700 800 200 000 1100
Percentage of programmed defense :

Fig. 82—FEffect of increased active defenses on Soviet attacks !
; ogainst overseas bases: current weapons '
{assuming augmented radar)

In 1956 a number of new defense weapons will be coming into operation, o
and others will be in late stages of development; these new weapons will affect ' ,
these comparisons. The new weapons are i

. Nike local-defense guided missiles;
. Loki rockets; ,
- Interceptors armed with large warhead rockets (Bird Dog); ;
4. Talos local-defense guided missiles.

o s e i A A <

1
2
3
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With these weapons a higher ievel of defense can be achieved at a given cost. : i
However, most of them will not be available for overseas base defense in 1956. ‘
When they are available in quantity—in 1957 and 1958—they may have to @
meet more advanced threats than the TU-4 and IL-28.

- The high cost of providing adequate radar cover and the isolation of many
overseas strategic bases indicates defense of these points by local-defense guided
missiies rather than interceptors. However, the effectiveness of these new
weapons, as of those programmed, is sensitive to enemy use of countermeasures,
Burst chaff will unlock the Nike and Loki tracking radars, and, under some
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circumstances, airborne intercept (AlI) tracking radar. Use of mass chaff may
saturate ground radars. Enemy use of area- and local-defense decoys seriously
degrades all types of defense weapons. And other countermeasures are under
development by the Air Force or have been proposed. The effect of these
measures would be a degradation by factors from two to ten or more times the
kill potential of our defenses.®

Even with augmented low-altitude radar coverage, the threat of low-altitude
attack remains serious as long as our Al radars are inoperative at low altitude.
The use of optical sights is required, and, until modified, interceptors with
Falcon and Bird Dog rockets will not be effective at low altitude. Nike appears
to have a capability of lower altitude than formerly expected, but below 500 ft
it is likely to be ineffective. And at altitudes below 100 to 200 ft, Skysweeper,
Loki, and T-131 local-defense weapons are little effective. Daylight penetra-
tions at these altitudes are feasible, and the use of one of various toss-bombing
techniques by IL-28 bombers will effectively negate attempts to provide a high
defense level. With the TU4, low-altitude bombing methods of the sort
described in the Air Defense Stadyt may be possible. If the zoom tactic should
be feasible, then a low altitude penetration of area defenses followed by a climb
to medium altitudes for bomb release would still degrade our defenses appre-
ciably. This is indicated in Fig. 83, where we have deliberately taken the opti-
mistic view that the enemy will have to climb to medium altitude.

Zone of the Interior Bases. The active defense of ZI bases, like that of bases
in the United Kingdom, cannot be separated from the defense of other targets.
This applies especially to radar augmentation and to area weapons, where the
costs of defense must be weighed against reduced vulnerability of SAC, industry,
and population. However, most of SAC is located well away from the center
of gravity of industry and population. The defense of ZI bases primarily by
interceptors would require a large augmentation above current ADC plans for
the defense of cities. These interceptors, therefore, would have to be charged
mostly to SAC defense. For this reason, the use of local defenses for many ZI
bases appears preferred in comparison with the use of fighters. However, like
that of area defenses, the effectiveness of local defenses depends critically on
the level of attack and enemy capabilities in the field of countermeasures.

*E. J. Barlow, Electronic Countermeasures against US. Air Defense: 1953-1960, The RAND
Corporation, Research Memorandum RM-1080, May 1, 1953 (Secret).

1+E. J. Barlow and J. F. Digby (eds.), Air Defense Siudy, the RAND Corporation, Report R-227,
October 15, 1951 (Secret) p. 97.
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Besides the uncertainty regarding the ability and intentions of the enemy
and the effectiveness with which our defense weapons will perform, we must
acknowledge a major element of uncertainty as to the warning time required
to enable us to decide to use, and then to use, our defense weapons. Some time
will be needed to make the physical preparations for firing, in the case of local-
defense weapons. For a surprise attack on D-day this may easily be over-
shadowed by the time required to evaluate indications that an attack is in
progress and to make the decision to fire. Since excessive haste in this matter
may mean loss of lives on a civilian aircraft, even in a false alarm, the decision
will have to be made by someone high in the chain of authority. Because we
have very little knowledge of the time it will take to amass the information,
evaluate it, reach a decision, and pass it on, we have tested local defenses under
three alternative assumptions regarding the amount of warning time required
to fire local defenses; namely, 1 hr, half an hour, and no warning time required.
It should be observed, however, that the longer time requirements are likely
to be the more realistic ones. Figures 83 and 84 show the results in terms of
bombers surviving two different initial SU attacks on the ZI, if a fixed budget
for the ZI portion of SAC is allocated among bombers and local defenses in
various ways. - _

In one allocation, we spend the budget entirely on the purchase of the pro-
grammed number of SAC wings. There are no explicit expenditures on defense,
but area defenses and the radar network are assumed to be those of the system
proposed for 1956 in the RAND Air Defense Study.* The warming time required
to evacuate SAC has been estimated on the assumptions that evacuation is
divorced from take-off in Condition Bravo, and that a statistical raid evaluation
plan is adopted as an automatic trigger for SAC evacuation.t In the analysis of
local defense and evacuation which follows, this allocation will be used as a
bench mark and will be called the “basic” case.

With the other allocations, we sacrifice some bombers and their associated
systems components for various numbers of Nike batteries. Nike has been
chosen since it is the most advanced local-defense weapon expected to be avail-
able in operational quantities in the early part of the period considered in this
study. The 3-year systems cost per Nike battery is $9 million.

*E. J. Barlow, Active Air Defense of the United States, 1954-1960, the RanD Corporation,
Report R-250, December 1, 1953 (Secret—Restricted Data).
tBoth are discussed on p. 289 of this section.
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Fig. 83—Nike local defenses for SAC in the ZI (small SU force
attacking at low altitude)

An essential requirement for any defense of SAC is the ability to afford
reliable protection to SAC against a wide range of enemy attack levels and
tactics. A defect of a defense consisting primarily in a Nike missile system on
the current design is immediately evident. This system has sharply degraded
effectiveness against targets below 500 ft, and it is completely ineffective
against those below 200 ft. If the enemy achieved the ability to release his
bombs at extremely low altitudes (e.g., by using rocket-assisted bombs, or by
toss bombing), his attack on SAC would be virtually completely unhampered
by Nike defenses. Because the benefits which follow from a successful strike
against an opponent’s strategic air arm are extremely great, and because we
cannot depend on the technological infeasibility of a low-level-bomb-release
capability for this period, this operational blind spot is a serious defect in Nike
if it is to serve as the sole or principal ingredient of SAC's defense. This has not
been reflected in Figs. 83 and 84.

However, because SAC's destruction offers great benefits to the enemy, and
becauseé the number of aiming points it presents is necessarily rather limited in
relation to quite reasonable attack forces, even a local defense without blind
spots is unable to provide the kind of protection we require. To illustrate this

281




2400
BREER  Number of bombers purchosed  Semnes  Number of bombers surviving initiel
. attack (30 min of wamin vired
REZ28  Number of bombers surviving ‘ %o fire Nike) 9 res
initicl attack (no warning e et
2000 required to fire Nike) ST Number of bombers surviving initiel

ottack (60 min of warning required
fo fire Nike) : .

i3

:

Ky

8.5 wﬂ
70:‘000 .
R X L O s

D DS
y TN - k‘:‘:‘:‘:“ IO
e IR Y

. X i
b $ RO NN
XN - . RS E .1
ol S - S TR

i

Basic defenses 270 Nike batteries 385 Nike batteries

Fig. 84—Nike local defenses for SAC in the ZI {large SU
force attacking at low altitude)

point, we have chosen two types of attack situations which employ forces well
within the estimated capabilities of the Soviet Union for 1956. Both involve
low-altitude attacks (although it is assumed that the attacking bombers must
climb to an altitude at which Nike has maximum effectiveness before beginning
their bombing runs). In both, the enemy employs mixed forces of TU4's and
Type 31’s. He schedules his strike so that all cells penetrate our radar network
simultaneously. This tactic appears to minimize the warning received by us when
we have an effective statistical raid evaluation scheme. It might be possible for
the enemy to reduce still further the warning received by some small number
of bases by scheduling the early arrival of, say, five aircraft. However, by
adopting this tactic he incurs the risk of having the early arrivals trip the alarm
and thereby increase the warning to the bulk of the bases. No random variation
in the time of penetration has been assumed. This sort of variation would oper-
ate in a fashion analogous to the early-arrival scheme. It should be noticed that,
with a radar network like the proposed 1956 network of the Air Defense Study,*
which provides no radar coverage against low-altitude attackers for many of the

* Barlow, Active Air Defense of the United States, 1954~1960.
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SAC bases, an attack with simultaneous penetration is largely equivalent to one
which has as its aim simultaneous bomb drop.

The first attack is directed against SAC alone and consists of 200 aircraft,
predominantly TU-4’s, and 60 bombs. The effect is shown in Fig. 83 for the
basic defenses, and for additional defenses consisting of 165 Nike batteries
purchased at the sacrifice of 1 wing of heavy bombers and 2 wings of medium
bombers. In this case, the effectiveness of Nike depends critically on the
amount of waming time required to make the decision to fire. If no warning
is required, Nike defenses serve to protect a very large proportion of the
bombers purchased, and the number of bombers surviving the attack is far
greater than with the basic defenses. For increasing warning requirements the
difference diminishes rapidly, falling to insignificance at the 1-hr level.

In the second situation, the attack on SAC is part of a larger raid against
urban and industrial targets. The enemy force directed against SAC is com-
pbsed of 500 TU-4's, 150 Type 31's, and 120 bombs. Moreover, the enemy is
supposed to use countermeasures (suitable formations, various kinds of chaff,
but no decoys) which degrade the kill potential of Nike by 50 per cent. As in
the first situation, the bomb run is assumed to occur at medium altitude where
Nike is effective.

Two levels of Nike defenses are considered for this situation. The lower
level employs 285 Nike batteries, obtained at the cost of 2 heavy-bomber wings
and 3 medium-bomber wings, while the higher employs 385 Nike batteries
obtained at the cost of 2 heavy- and 5 medium-bomber wings. The results are
shown in Fig. 84. If Nike should require no warning at all, Nike defenses
would show a marked superiority to the basic defenses in the case of the heavy
attack. However, both the absolute and relative margin of superiority are
narrower than in the first, lighter attack. Where warning is required to employ
Nike, the difference declines as before; and of the cases tried here, only in that
where no warning is required are the differences made by Nike significant.

In sum, if we wish to improve the basic defenses, doing so primarily by means
of Nike has three defects:

1. Nike possesses a particular blind spot which can be exploited by
bombers at very low altitude. "
2. Nike, like other active defenses, requires warning to be employed

effectively.
3. Nike's effectiveness, like ‘that of active-defense weapons generally,

d on the level of attack.
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Under assumptions favorable to Nike, we have seen that its effectiveness is
no less sensitive to the kind of enemy attack than that of the basic defenses.
Even with the extreme assumption that no warning is required—or, which is
the same thing, that all Nike installations have sufficient warning to fire—the
number of bombers surviving is less than 50 per cent of the number pro-
grammed for procurement. If we were to increase radar coverage to give each
base at least, say, half an hour's warning, we should automatically increase the
effectiveness of evacuation. A defense based on evacuation of aircraft will be
considered next, and the value of local defenses as a supplement of evacuation
will be examined. .

Although local defenses cannot provide the kind of highly reliable protection
we want for SAC, this is not the whole of the story. They could still have

_considerable value. For one thing, they would create some uncertainty for the .

enemy, because he could not be sure how much time we should require to
evaluate warning before firing. This would deter him from a sneak attack,
even given the expectation of execution according to plan. But it would also
mean that, if the plan went awry, errors would be penalized by further crew
attrition and the likelihood that not only might there be no bombers on base
at the scheduled time of bomb release, but, since the bomb release might not
take ‘place, the base itself might be unencumbered by the attack at all. But
while local defenses are a useful supplement, they are no substitute for a high-
reliability defense of our strategic force.

Conclusions on Active Defenses. The net gain to be obtained from aug-
mented active defenses depends on the levels of enemy air attack expected, and
this in turn is determined partly by the SAC base-Soviet base distance. In par-
ticular, for bases which can be attacked by jet light bombers, active defense,
even with improved defense weapons, appears unprofitable as a primary
measure for defense of operating bases overseas.

The situation is somewhat better for bases within unrefueled TU4 radius,
but it is only when we consider ZI bases that relatively high levels of active
defense have any major effect. In order for the Russians to saturate high defense
levels at remote bases, large forces of scarce and relatively vulnerable bombers
must be committed to this attack—and no bomber re-use is possible if one-way
missions are necessary. Unfortunately, there are too many uncertainties sur-
rounding the size of Soviet attacks and possible use of countermeasures for us
to rely primarily on active means of defense with the weapons likely to be
available in the time period examined.
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In conclusion, we find: (1) A moderate increase in overseas base radar cover-
age will somewhat increase defense effectiveness. However, buying sufficient
radar in order to get adequate protection does not appear economic or feasible.

. (2) Adding more active defense weapons of the types presently scheduled for

1956 overseas base defense in order to achieve a high level of defense costs .
about as much as it saves in reduced ground attrition. (3) The use of newer
weapons presently under development (Bird Dog, Nike) would, in favorable
circumstances, substantially reduce the vulnerability of overseas bases beyond
IL-28 radius and that of the ZI bases, but sole reliance on these weapons is
impossible because of their sensitivity to enemy capabilities and our uncertainty
about these capabilities. This is made clear by the ZI case where enemy apparent
cell sizes were much smaller than those they could muster against our overseas
system. How much active defense in total it is economic to buy depends on the
joint effect of active and passive defenses discussed below.

Reducing Elements at Risk at the Time of Attack

While both creation of more targets than enemy bombs and the stopping of
enemy bombers are costly and uncertain of achievement, a defense by not being
on base at the time of attack appears relatively feasible, economic, and reliable.
And this is the primary method of defense exploited in the overseas refueling
base concept. In order for evacuation to be an effective defense, there must
be adequate, reliable warning and infrequent execution. As programmed, SAC
in the ZI will have totally inadequate warning at many of its bases and mar-
ginally adequate warning at others. The SAC overseas bases will have totally
inadequate warning and will also be subject to frequent attack.

Making the evacuation plan effective in the ZI would appear to involve
(1) increased warning combined with (2) improved evacuation procedures. The
former might be obtained by extension of our radar coverage through the use
of an advanced line of radars, by adding contiguous radars to our present radar
network, or by relocating units to bases more remote from the edge of our
warning boundary. Improvements in the evacuation plans might be brought
about by detaching the triggering of SAC evacuation from dependence on Air
Defense and Civil Defense Red alerts; separating the plan for evacuation from
the plan for deployment (by not delaying evacuation in order to assemble
personnel and matériel); removing possible bottlenecks, such as engine starters;
reducing personne] assembly time by having crews live on or near base, and by
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training non-crew members for evacuation duty as observers, etc.; and, where
necessary, retaining minimum evacuation crews on base.

Increased Warning. The usefulness of distant early waming has becn
discussed in a previous RAND study.* Such a line under ideal conditions would
provide from 5 to 12 hr of warning to ZI bases. And this warning could be
used not only for evacuation of substantially all aircraft and all flyaway kits
and personnel, but it would also permit evacuation in Condition Bravo and the
overseas deployment of bombers without delay. As was pointed out in the
above-mentioned study, however, a line close to Soviet territory, in good part
over the ocean, and not backed up by fighters could be freely penetrated by
Soviet aircraft during peace or war. And with a large gap between our forward
line and the presently scheduled ZI radar, penetration of the advanced line
would leave uncertain the possibility of the appearance of Soviet aircraft only
a few minutes away from many SAC bases. If SAC were to evacuate with each
Soviet feint, its effectiveness would be seriously degraded. And the contribution
of the line after the start of hostilities would be largely eliminated if the Rus-
sians could destroy segments of it. However, Soviet penetration of this line
could be used to indicate assembly of personnel and preparation of aircraft
for evacuation, rather than complete evacuation. And we might be able to ignore
penetrations of a few aircraft on grounds that, as far as SAC was concerned,
the damage threatened was not excessive. Since it appears likely that improve-
ments in the SAC evacuation plan will permit evacuation within 2 hr, the
creation of an advanced warning line largely for the defense of SAC can
hardly be justified. In any case, the creation of a distant early-warning line
cannot be quickly accomplished. It represents a major construction and equip-
ping effort, and some development, largely in communications, needs to be
done. Unless present plans are substantially altered, this line will not be con-
tributing warning to SAC in 1956. ~

The warning available to SAC under the program is close to being adequate
for emergency evacuation in the event of high-altitude TU-4 attack. Extending
ZI coverage outward an additional 200 mi on the average and filling gaps in
the south and southwest would provide enough warning for the evacuation of
60 per cent of aircraft on peripheral bases (with improvements in evacuation
procedures) and of 75 per cent of all ZI-based aircraft, in the event of low-
altitude TU-4 attack. This sort of radar augmentation may be found in the

*E. J. Barlow, Distant Early Warning in 1the Defense of 1the United States, The RAND Corporation,
Research Memorandum RM-1031, November 24, 1952 (Secret).
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“1960 Network™ of the Air Defense Study.* The augmentation over the 1956
programmed radar network consists mainly of low-altitude coverage radars and
AEW aircraft. The 3-year cost of this augmentation, excluding those elements
of it which are primarily motivated by the defense of targets other than SAC,
comes to about $1 billion.

Relocation of SAC bases to areas with greater warning is another possibility
which has been mentioned. So long as we are committed to the maintenance of
a strongly defended heartland in the northeast, this measure will be an attrac-
tive one. It has the advantage of enabling SAC to derive bonus benefits from
measures which are taken to protect cities and industries against new types of
threats. For example, without base relocation the radar augmentation required
solely for SAC will increase as the speed of Soviet bombers increases. The advent
of a jet or fast turboprop bomber could increase the coverage needed for
peripheral bases to about 600 mi. Furthermore, increments of AEW radar well
offshore are provided at increasing costs per aircraft on station, since much time
is lost flying to and from stations. On the other hand, providing radar warning
for SAC bases outside the heartland will benefit, as a by-product, such critical
elements of our war potential as the A-bomb storage sites which are largely
located outside the northeast heartland. Relocation of SAC bomber bases does
not have this by-product advantage. Furthermore, relocation to the interior of
the country might prove to be at least a slight disadvantage against such later
threats as the intercontinental ballistic missile or a high-speed but short-range
jet bomber. A complete evaluation of this measure would have to include con-
sideration of questions such as these. We believe this investigation should
be made. : .

Added radar coverage offshore contributes little protection against sub-
marine-launched attacks. If further investigation shows the threat of submarine
attack to be an operationally feasible weapon for the Russians, other measures
to permit evacuation would have to be adopted.

One possible form of this threat is Russian use of short-range guided missiles
similar to those developed by the U.S. Navy. These might have an acceptable
accuracy at a range of about 200 mi in the 1956 period. Seventy of the 72 sched-
uled overseas bases and 12 of the 32 ZI SAC bases are within this distance of
the sea. (Another 3 of the ZI SAC bases are within this distance of the Gulf

* Barlow, Active Air Defense of the United States, 1954-1960, pp. 53, 59. If SAC is to depend
on warning from this radar augmentation, it is obvious that it will have to be acquired sooner
than 1960.
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of Mexico.) Another possibility is Russian use of a longer-range submarine-
launched MiG-type manned aircraft with an 800-n-mi range, or greater, carry-
ing a small atomic bomb—either on a one-way or a two-way mission with return
to a submarine rendezvous offshore. Either of these threats, if attacks could
be coordinated, would sharply reduce the warning SAC would receive, and the
‘radar augmentations would contribute little or nothing. Our present radars
have only a marginally adequate capability to detect small high-flying jet air-
craft of the type that might be launched from submarines, and the first warning
of attack might come from bomb burst over peripheral bases. Even if detection
at our coast were made certain by the use of improved radars, evacuation from
coastal bases would not appear feasible against this threat.

Defense against these carriers by active means, especially near the coasts, is
extremely difficult. They have a low vulnerability, small radar echo area, and
may be launched close in to their targets. In 1956, they would be essentially
unopposed in going against peripheral SAC bases, since the ability of our
radars to track a small manned aircraft and vector interceptors against it is
questionable. However, a method for the long-range detection of submarines
- (perhaps out to 600 mi), LOFAR, is under development. If successful it may
make impossible the launching of widespread, coordinated attacks against the
ZI. Still, underwater detection may be subject to the same limitations as
over-water coverage, in that frequent penetration can be made without viola-
tion of our national territory.

If submarines can approach our coasts undetected and launch atomic carriers,
the only measure insuring evacuation appears to be location of units sufficiently
far inland that minimally adequate warning of attack will be available, and the
phasing in of some such radar as the AN /FPS-7. Defending SAC in the ZI in
this way would involve the giving up of 12 peripheral bases by SAC if defense
were to be obtained against the short-range guided missile, and the abandoning
of 18 or more bases if 1% hr of waming were to be obtained against the
submarine-launched jet fighter. This would involve, in the latter case, an
expenditure of about $700 million for the relocation of bases. If launchings
from the Gulf of Mexico were available to the enemy, then 15 bases might
have to be given up to avoid the short-range missile, and the preponderant
majority of our bases might have to be abandoned to avoid the hypothetical
submarine-launched fighter.

The justification of expensive defense measures on this basis requires further
evaluation of the threat. The evidence for Russian development of this tech-
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nique and the difficulties involved in this type of attack should be examined.
The Russians would presumably require not merely a feasible and adequate
but a highly reliable technique for their initial strike. The reliability of
submarine-launched missiles or manned aircraft is questionable on grounds
of the reliability of the weapons when so launched, on grounds of their avail-
ability for launching after a long underwater journey, and also on grounds of
coordination difficulties. Furthermore, there is a question as to the adequacy.
of this technique. The range achievable by either the manned aircraft or the
missile is uncertain. Finally, we need to consider the costs to the Russians in
terms of both the development of this technique and the requirement for
submarines at a crucial time. We must recognize, however, that, if this threat
is real, the defense measures enumerated are justifiable even though expen-
sive, because SAC itself is both expensive and critically important.

Improved Use of Warning. The first requirement for improved evacuation
of SAC is the divorce of emergency evacuation from deployment in combat-
ready condition (Condition Bravo). The effects of this on speeding the process
of evacuation have already been indicated in Fig. 73, page 244; it also will
speed the decision to evacuate by making it independent of a determination to
deploy an offensive atomic strike against a supposed aggressor.

A second requirement has to do with the calling of a Red alert for SAC.
ADC currently associates this decision with those involving extensive defensive
action (including firing) against a supposed enemy, as indicated on page 280,
above, and with drastic interruption of civilian affairs. Obviously a decision
havirig these effects requires considerable evaluation.

On the other hand, with an effective statistical raid-evaluation schcme, the
evacuation of SAC can and should be made automatic, contingent only on the
tripping of the evaluation mechanism.*

The corridor-control system off our coasts should reduce the number of
unknowns in the system to the point where the appearance of five to ten
unknown aircraft would trigger the alert system. This is not to say that a few
enemy aircraft could not penetrate deeply without being called hostile, but a
force large enough to achieve a significant amount of damage to SAC would
have little chance of penetrating without alerting the defense system. It is pos-
sible that statistical controls which are based on an hourly number of unknowns
might not detect a raid carefully planned for cumulative infiltration, in which
the early infiltrating bombers loitered in some of the blind regions of our radar

* A more detailed discussion of the problem of warning SAC is contained in the Appendix.
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network. This suggests the utility of considering a double test which, in addi-
tion to the hourly rate, would take account of the cumulative number of
unknowns over the maximum loitering period (perhaps 12 hr); or, better,
which would observe any tendency toward steady increase in the number. It
might be possible to discriminate unknowns on the basis of the geographic
pattern of unknowns which would result from this sort of tactic.

If this type of statistical evaluation scheme results in no more than two or
three false alarms a year, the resulting SAC evacuations can be considered bene-
ficial exercises for SAC which will increase its facility in evacuation. This
decision problem is close to the essence of any attempt to improve evacuation
procedures, since the time requirement involved in evaluation and transmittal
can be quite large relative to many of the other time requirements involved in
SAC evacuation. ' |

Third, present evacuation times are lengthened by the need to assemble
personnel. The presence of minimum evacuation crews on or near base at all
times would permit the evacuation of as much as 80 per cent of the aircraft
from a 1-wing base in less than 1 hr and from a 2-wing base in about 114 hr.
A B-47 can be evacuated by a pilot and one other person, not necessarily a crew
member, capable of performing engineering duties. During periods of emer-
gency SAC goes on alert and minimum evacuation crews are on hand. How-
ever, maintaining this state of alért for long peacetime periods would probably
require added crew personnel. And the cost of adding fully trained B-47 and
B-52 pilots appears to be very high—over $1 million per pilot on a 3-year
basis, when we take into account the number of flying hours, POL consumed,
maintenance costs, etc. There is some question, however, as to the requirement
for a fully trained pilot to accomplish evacuation, if it is found that additional
pilots are required to maintain minimum evacuation crews on hand. One means
of accomplishing this would be to maintain on hand a group of pilots having
sufficient skill and training to take off and land a B47, but not necessarily
having full crew competence. If this lower level of skill could be achieved at a
lesser number of flying hours, the cost of maintaining minimum crews could
be greatly reduced—perhaps to something of the order of $300,000 per pilot
on a 3-year basis.* Such a reduction in cost might be achieved by the use of

*The estimate of the cost of flying the B-47 used in the above calculations was $1042 per flying
hour. Air Force Letter 150-10, Dept. of the Air Force, Washington, February 2, 1953 (Confidential),
aalls for 40 flying hours per month per crew (2 pilots) to maintain crew competence. Recent exper-
ience with B-47 flying-hour costs has been very much more favorable. This experience enhances the
advantage of minimum evacuation crews,
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. rated non-crew officers, and there are a large number of them in a wing
organization. ( | |

Fourth, if the personnel assembly bottleneck is eliminated, the rate of take-
off may emerge as a bottleneck. With an improved radar net, there may be
bases where the number of aircraft evacuable can be increased by the provision

of an additional runway usable concurrently with one of the existing runways. - -

The cost of a standard 10,000-ft runway has been estimated at $5 million.
Runways of the sort we are discussing need not meet all specifications for
permanent peacetime jet-bomber operation, since they are intended primarily
for emergency use. Nevertheless, in the analysis which follows, the cost assumed
has been that of a standard runway. :

Adequacy of Evacuation in the ZI. In the examination of the effects of
improved evacuation which follows, no attempt has been made to select either
an optimal budget level for such improvements or an optimal collection of
measures. To do this would require consideration of the joint effects of the
measures taken to improve evacuation, as well as consideration of threats
such as the submarine-launched aircraft or missile and later threats such as
the intercontinental ballistic missile. It is not necessary to the central subject
of this study, the selection of the best strategic air-base system, to make such a -
choice. This is so because the requirement for a capability of survival against
at least initial attacks in the ZI is common to all the systems considered here,
although some systems make fuller subsequent use of this capability.

We have made a number of tests of the value of these improvements in the
capability for evacuation. The results are shown in Fig. 85, which compares the
effects of enemy attacks on a SAC devoting varying amounts of its resources
to evacuation. (The comparison is made in the same terms as Fig. 84's com-
parison of alternative budget allocations to local defense.) The results of the
heavier attacks with SU 1956 capabilities (500 TU-4's, 150 Type 31’s, and
120 bombs) are repeated for the basic case and are also shown for a situation
in which the measures for improved evacuation discussed above have been
adopted at the cost of 2 medium-bomber wings. /

Improved evacuation has also been tested against the kind of Soviet attack
which might be mounted near the end of the 1956-1961 period. The force
delivering this late-period attack consists of 750 turbojet bomb-carrying air-
craft and 4700 area-defense decoys, of which 150 and 1500, respectively, are

’ allocated to SAC bomber bases. The turbojet aircraft include both medium
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and heavy types. In this attack 150 bombs are assumed to be allocated to
SAC targets. '

This late-period attack is a high-altitude attack, for several reasons. First,
the higher-performance jet aircraft used incur severe range penalties at low
altitude. Second, the gaps in the low-altitude radar coverage which place a high
premium on low-altitude penetration have been eliminated as one of the meas-
ures to improve evacuation by increasing the warning. The third reason is
associated with probable changes in our area defenses. It has been assumed that
the additions to and improvements in area defenses for the protection of cities,
which were proposed for accomplishment by 1960 in the Air Defense Study,*
have taken place. Although intended for cities, and therefore properly costless
to SAC, these improvements would provide some protection for bomber bases.
One effect of these improvements would be an increase in the effectiveness of
area-defense weapons at low altitude. This increase also would reduce the
attractiveness of a low-altitude attack.

It is evident from Fig. 85 that improved evacuation offers significantly
greater protection than the basic defenses. Improved evacuation, under the

* See Barlow, Aczive Air Defense of 1he US., 1954~1960.
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1956 attack situation, secures the survival of almost 80 per cent of the bombers
procured in the basic case. This may be compared with the results shown in
Fig. 84, page 282, for Nike local defenses, where the analogous proportion
surviving ranges from approximately 15 to 50 per cent, depending on the
amount of warning required. But it will be recalled that some highly important
aspects of the comparison are omitted from the results shown in these figures.
First, Nike's blind spot may virtually eliminate its effectiveness. Second, if
the enemy surprises us by mounting a stronger attack than we expect, the
results, with an evacuation scheme, will be insignificantly affected, whereas
attrition of our bombers with any active defense will rise appreciably. That is
to say, reliance on preventing bombers and bombs from reaching the release
line depends for success, with fixed weapon types, on the relation between the
numbers of bombs and bombers and the number of defense weapons. Ob-
viously, one element in this relation is subject to control by the enemy—within
limits, it is true, but within limits which must appear highly uncertain to us.
An evacuation scheme, however, relying on removal of bombers from the base,
is, for fixed weapon types, a measure entirely under our control.

~ But, even within the period considered in this study, Russian weapon types
may be expected to change. Figure 85 also shows how the evacuation scheme
would perform against a later threat. Even with the reduced warning available
when the enemy uses substantially faster bombers, the improved evacuation
scheme serves to protect 70 per cent of the bombers programmed.

The analysis so far has been conducted in terms of a fixed budget (the
basic budget of Fig. 85). Of course, additional expenditures could serve to
increase the number of surviving bombers in the later period. If additional
funds are added to the SAC bomber-defense budget considered here, they may
be allocated to local defense, further expenditures on the evacuation scheme,
or additional bomber wings.

The results have been estimated for two levels of an additional budget:
$1 billion and $5 billion. The particular amounts have been chosen solely to
illustrate characteristics of the alternative defenses. For each level two alloca-
tions have been made. With one allocation, we use these funds for a combina-
tion of additional bombers and further improvements in evacuation. With the
other, we spend the funds entirely on local-deferse missiles. In this time period,
it is assumed that an improved local-defense weapon will be available, either
Nike B or Talos W. The higher estimates of kill potential, those of Talos W,
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have been used in the analysis. This kill potential amounts to 5.1 encxhy air-

" craft per battery; and the 3-year cost per battery is $32 million.

The attack in the $1 billion additional-budget case is the same as the later-
period attack of Figs. 84 and 85, which has already been described. For
the $5 billion additional budget, the total attacking force is the same, but
200 bombs and bombers are allocated to SAC, together with 1500 area-
defense decoys.

Figure 86 shows that at neither budget level is there a large difference in
the protection afforded by the two kinds of defense. This suggests that, with
an already substantial evacuation capability in the face of the attack assumed,
the choice between an advanced local-defense missile and a combination of
more aircraft and further evacuation effectiveness is a matter of comparative
indifference. However, this conclusion must be qualified. It holds only if we
are prepared to rule out of consideration the possibility of an unpleasant sur-

~ prise’in the form of an even heavier enemy attack. Otherwise, the less sensitive

measure—evacuation—must be preferred.
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Soviet possession of advanced aircraft and missiles such as those we have
under development now would increase warning requirements still more. A
missile with performance equivalent to that of our Snark (520 knots) would
require about 760 n mi of radar for 112 hr of warming; a Navajo type would
require 2200 n mi of radar (or, if this is infeasible, a reduction in the amount
of warning required to evacuate SAC, using some of the measures discussed
above); and a ballistic missile, against the sort of sensing system now planned,
would give essentially no warning. If we may estimate operational dates for
these weapons from our own progress in missile development, it appears that
these missiles will not present a threat before 1961 at the earliest. Even with
these advanced threats (excepting the ballistic missile), an advanced radar line
would provide sufficient warning. However, as we indicated above, its useful-
ness could be greatly reduced by appropriate Soviet deceptive tactics.

The maximum frequency of spoofing attacks against the ZI, in sufficient

- strength to alarm all of SAC, should not be high enough to render evacuation

infeasible as a continuing measure for interior bases and most peripheral bases.
However, those bases located along our northern border (Fairchild, Rapid
City, Limestone, Plattsburg, Westover, and Portsmouth) are not far enough -
from Russia for frequent penetrations to be excluded.®

A type of defense previously mentioned has evacuation implications. Dis-
persed operation of units means fewer bombers to be evacuated per base. The
time required to evacuate a 1-wing base would be about 30 per cent less than
that required to evacuate a 2-wing base, if personnel assembly were not the
major limiting factor. |

Adequacy of Evacuation Overseas. If evacuation from overseas bases could
be accomplished within 1 hr, then 300 n mi of coverage would be required for
TU-4 attack and 500 n mi for jet bombers. As we have seen, such coverage is
very expensive. Unless wé possess a large defense kill potential and can afford
to ignore small attacking cells, evacuation overseas appears to be infeasible,
even with augmented radar. The commitment to evacuation must be made
while enemy bombers are some distance away from our bases; any aircraft
identified as hostile within the “evacuation line"—whether aircraft attacking

*There is one other type of threat to be considered in this connection. Recent RAND studies have
shown the value of decoys in diluting our defenses. They can be designed to appear to radars as
bombers. The use of this type of weapon would make a small raid look like a large one. Interior
bases protected by extensive radar and backed up by interceptors would be less affected than would
peripheral bases, because decoys would very likely become less convincing as penetration depth
increased.
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other targets, enemy feints, or reconnaissance aircraft—would require execu-
tion of evacuation plans. And where radar cover is not backed up by fighters,
repeated deep enemy penetrations can be made at little cost in aircraft lost.
Overseas bases are particularly susceptible to submarine-launched atomic
attack, since they are almost universally quite close to the sea.

Intermediate operating base systems beyond TU-4 unrefueled radms may
have a marginal evacuation capability. It may be possible to provide radar (500
" n mi for a jet-bomber attack for evacuation within 1 hr if possible) and inter-
ceptor back-up; but, unless active-defense effectiveness is such that attacks
less than large ones can be ignored, then feints even at extended ranges or
repeated attacks will render evacuation infeasible. Probable intermediate base
systems are not much beyond unrefueled TU-4 radius and are within Type 31
radius. Measures permitting evacuation from intermediate bases will, at the
very least, have to be backed up by fighters to prevent spoofing. A combina-
tion of high active defense as well as adequate radar coverage is essential.
Moreover, even if the base is beyond TU+4 radius, a good deal of the radar
cover is not. This makes ‘it subject to spoofing, especially with area decoys.
Therefore, in the campaigns presented in Part III, no evacuation occurs from
intermediate bases. If evacuation is assumed to be possible, the position of
the intermediate systems improves relative to the advance overseas operating
base systems, but it remains distinctly inferior to the ZI ground-refueled system.

Summary of Evacuation Measures. The conclusions on defense of the
bombers by means of evacuation are as follows:

1. For the ZI, evacuation measures are the principal component of the best
defense of SAC. They are the most effective and reliable of all of the defenses
examined.

2. Moreover, such a defense is adequate: a high-confidence protectxon of a
large part of our bomber force in the ZI can be worked out with additional
expenditures that are moderate in relation to the total SAC costs.

3. Any moderately large expenditure for protecting bombers in the ZI
should, it is clear, be devoted largely to improving our ability to evacuate.

4. If there is to be a much larger additional expenditure to increase the
number of bombers surviving the threats considered in the analysis, still further
improvements in evacuation capability will be at least as fruitful as expendi-
tures on the various active and passive defense alternatives. However, if large
additional sums were to become available (and no need for these is evidenced
in this study) it would be better to spend them, at least in part, on preparation
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for some of the obscurer Russian threats of which we have no firm evidence

_now; e.g., on FPS-7 radar for submarine-launched bomb carriers.

5. For protection of bombers overseas, evacuation is not a reliable measure.

Microscopic Passive Defenses

Practically complete coverage of most ZI SAC bases can be obtained with a
40-KT bomb dropped with a 4000 CEP for soft targets such as aircraft. The
same sized bomb will do almost as well against most of our overseas bases.
Only our large French Moroccan bases present a target for which a bomb as
large as 100-KT would be necessary for practically complete destruction of soft
elements. The ZI bases and some overseas bases have not been designed against
attack at all, while the most serious threat most overseas bases have been
designed to meet to any extent is high-explosive attack. It is possible to provide
a considerable degree of protection against A-bomb attack on a base, and an
examination of ways of protecting the elements which are to be found on an
operating base suggests the following conclusions: | '

1. Many of the elements are intrinsically tough and difficult to damage. .

2. Many elements perform no essential or irreplaceable function for a
strategic campaign of short duration.

3. Some of the vital elements can achieve a high probability of survival
at low cost.

4. The most critical element—bombers—can be protected, while on base,
at moderate cost but with low confidence; and can be protected at high
cost with greater confidence.

Dispersal. As our bases are now designed, there is generally one ground zero
suitable for almost all the vital elements on the base. Our strategic bases in 2
very real sense present “point” targets. Airfields typically occupy a good deal
of ground; and the use of this land, combined with blast-proof construction,
would, for some A-bomb sizes, sharply reduce the vulnerability of these bases.
Figure 87 compares an aircraft parking scheme designed to achieve greater
protection with that currently used at a typical airfield (Goose Bay). Figure 88
compares the expected attrition to aircraft with each of the parking schemes
shown. As we change from concentrated apron parking to dispersal against
atomic attack with a 40-KT bomb, aircraft attrition is reduced from 80 per cent
to 22 per cent. However, microscopic dispersal is sensitive to the size of the
enemy bombs committed, just as macroscopic dispersal is sensitive to the number
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of enemy bombs committed. The use of a 320-KT bomb would increase aircraft
attrition, even with dispersal, to 70 per cent. Other facilities protected by dis-
persal and blast-resistant construction would remain relatively unchanged. In
both cases the total amount of fissile material required in order to accomplish
a given level of destruction is increased. Unfortunately, we cannot generally be
confident that Soviet capabilities have been exceeded as long as one large bomb
to each of 30 bases will destroy most of the aircraft on these bases.
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The practice of moving aircraft to the periphery of a base upon warning of a
raid, presently practiced by SAC, and the suggestion within the Air Force that
aircraft be moved off base where possible involve a combination of evacuation
and microscopic dispersal. In the ZI, where some warning is generally available,
it will not be necessary to keep aircraft dispersed during peace. If dispersed
parking areas are available, aircraft not evacuated to alternate bases can be
moved to these areas upon warning of an attack. Overseas, there would not be
sufficient warning for even this limited form of “evacuation™ on most bases,
and permanent parking of aircraft on dispersed parking areas would be re-
quired. In order to accomplish this, additional taxiways and aprons wou