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PREFACE

This is one of a series of RAND Research Memoranda which discuss agpects
of the active air defense of the continental United States. The series is
a part of RAND's study of high-attrition air defense, reported im RAND Report

R-250, Active Air Defense of the United States, 1954-1960, December 1, 1953

(Secret Restricted Data). The study evaluates various choices in development,
procurement, and deployment for several budget levels, including budgets
considerably higher than current ones. The time period studied includes
operations between 1956 and 1960; the general framework of the study is
similar to that described in RAND Report R-227, Alr Defenge Study, October

15, 1951 (Secret), except that a wider range of questions is considered.

In many ways thls series serves to sxtend, modernize, and modify R-227

and i1ts supporting Research Memoranda. A list of the publications in this
series are given on the next page.

Since this research memorandum describes the analyses pertaining to the
discussion and conclusions in R-250, it is based on information available at
the time of preparation of that report (fall, 1953). Unfortunately the
pressure of other tasks has delayed publication of RM-1166 for a little
more than one year. For this reason, some of the radar and weapons pro-
gramming data and some of the nomenclature are out of date as of the time
of publication (March, 1955). In writing this memorandum ro attempt was
made to take into account other air defense studies such as ADR54-60, or
the AFDAP DPO, or the deliberations of Project Lamplight. The Adr Defense
budget level to which most attention is given in this study is intermediate
between ths present ADC budget and the level proposed in ADR54-60. For the

budget level considered, the air defense effectivensss estimates presented
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are felt to be realistic. It is hoped, furthermore, that the methodology
.and detailed treatment of weapon characteristics will be useful to those

engaged in future air defense studies.
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SUMMARY

This research memorandum outlines the methods of campalgn anélysis
which were used in the high-attrition sir defense study reported in RAND
Report Rr250.(l) The assumptions concerning the deployment and employment
of U.S. defense forces were based in part on Air Force programs and in part
on logical extensions of these programs to reflect increassd air defsnse
budgets. Assumptions were made concerning the wehicles which the USSR could
use in an attack on the U.S. during each two-year interval. Russian force
programming and tactics were optimized for each time period subject to &
fixed budget constraint, to reflect changes in U.S. defenses and in the
state of the art for bombs and delivery wehicles.

The method of strike analysls which evolved during the study was based
on & detailed map exerclse for each strike. The bomber forces were engaged
by the active defenses in detail, and numsrous tactical decisions were made
during the course of each strike. Probabllity calculations were used to
compute the outcome of each engagement. As the work continued, a two-sgtage
map exercise developed. For each strike a prelimlinary estimats of attrition
for various attack patterns was worked out by the offense. This estimate
included a choice of targets and routes as well as the assignment of the
numbers of bombers, bombs, and in some cases decoys to each target. The
operations of the defense were then considered in detall to obtain a final
estimate of bomber atirition and bomb damage for the particular strike
pattern chosen. If these final results were significantly different from
the preliminary offensive estimates, some aiming points and routes were
changed to achieve maximum effectiveness by the offense. Target systems

considered were SAC bases, urban centers, oil and steel production, and
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Washington, D. C. The scoring of success was in terms of the amount of
"war industry value added" which could be destroyed in an attack, and in
terms of the number of SAC beses destroysd., Sixteen strikes were cafried
out, covering a period from 1956 through 1960 and assuming Russian use of
T0-4, 11-28, Type 31, and B-[7-type bombers, and Snark-type missiles.

It appeared that with bomber forces which the Soviet Union might
conceivably prepare at any time during the period studied it would require
a considerable additional defense effort (over the basic effort assumed
herein) to keep the damage in a bombing attack below 15 percent of U.S.
war industry value added. A damage of 30 percent to 60 percent might be
achieved by the offense in 1956 if defense system performance were seriously
degraded.

To keep pace with the Soviet forces assumsd in this study, an expenditure
of 40 to 80 billion dollars on active air defense during the 1954-60 period
is required to confine the damage to the U.S. to the 15 percent level cited
above. This requirement would bs from 60 to 100 billion dollars if the
Soviet forces were increased by 50 percent over those assumed here.

Ways in which defense effectiveness might be improved include:

o Purchase of additional weapons

o Improved low-altitude effectiveness of arsa- and local-defense

weapons

o Increased training of defense personnel to handle large raids

o Improved IFF equipment and procedures

o Increased numbere of controllers and control channels for

interceptors

o Availability of atomic warheads for defense
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o Deployment of interceptors to locations where important targets

exigt and adequate control can be maintained

o Development of an optimum interceptor commitment policy
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ST O S

Area "swept out" or searched by interceptor's radar in time t.
Vulnerable area of bomber.

Vulnerable area of interceptor.

Area of bombsr formation.

Expected nunber of bombs arriving at the jth target.

Total mumber of bombs entering the ZI.

Percentage destroyed of the oll or steel production capacliy
of the whole couniry.

Probabllity that four interceptors, having been scrambled as
an element, attack a bomber so that bomber fire is split J ways,
but only i interceptors fire effectively.

Percentage of the oil or steel production capacity of the country
contributed by the jih plant.

Combat radius for combat time tc.
Combat radius for zero combat time.

Probability that a given firing attempt by either interceptor
or defense missile would not abort due to human error.

Probability that a given interceptor pass would not abort due
t0 human error in such a way that armament was not fired.

Probability that a given interceptor pass would not abort due
to human error in such a way that armament was fired.

Mumber of decoys entering the area defenses in a particular
track.

Total number of decoys in a given track that should survive the
area defenses.

Optimum number of decoys which should accompany the By bomb

carriers into the local defense area so that R& bomb carriers
would survive.

Expected nmumber of bombers shot down by an F-86D on close
control.
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Kg9
K99a(3,c)

K02
K ozr

U’d
LT
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LIST OF SYMBOLS (Cont'd.)

Expected mumber of bombers shot down by an F-89D on close
control.

Expected number of bombers and/or decoys killed by the firing
of one F-99A(B,C).

Expected number of vehicles killed by an F-102 (armed completely
or primarily with atomlic warhead rockets) on close control.

Expected mmber of bombers killed by an F«102R (armed completely
with small rockets) on close control.

Area kill potential for the track.
Expected number of vehicles destroyed by the local defenses.

Expected rumber of vehicles killed by one battery of Nike
(Talos CW, Talos W) missiles.

Effectiveness of a given type of interceptor.
Probability that one pass of an interceptor destroys a missile.

Number of F=99A(B,C) missiles fired which could reach the bomber
stream during a given air battle.

Number of salvos per battery of locsl-defense weapons which
could be fired at a single vehicle headed directly over the
battery (for one guidance unit per battery).

Number of salvos per battery of local-defense weapons which
could be fired at a single vehicle headed directly over the
battery {for two guidance units per battery).

Number of rounds of bomber ammunition fired per interceptor
attacking simultanecusly with one or more other interceptors.

Bumber of rounds of interceptor ammunition fired in one salvo.
Probability that a given bomber survives an air battle.

Probability that at least one bomb was delivered to a given
aiming point.

Probability of detection and conversion on ¢lose control.

Probabllity of detection and conversion on broadcast control.
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LIST OF SYMBOLS (Cont'd.)

Probability of detection and conversiocn on uniform broadcast
control.

Probability that e given missile or salvo of rockets fired at
a vehicle kills that vehicle.

Probability that an interceptor kills s bomber in & firing pass
in which the bomber's fire is split j ways.

Probability of kill of an interceptor by a bomber.
Maximum firing range for local defense missile.

Probability that a given bomber survives when the formation is
attacked by one element of F-89D's which have been sent ocut on
broadcast control (ﬁb = 2).

Probebility that a given bomber survives when the formation is
attacked by one element of F-89D'a on broadcast control on its
itk pass (ﬁi = 2}, the interceptors having been originally

close controlled.

Probability that a given bomber survives when the formation
is attacked by any number of F-89D's on uniform broadcast
control.

Ri when computed for B equal to lesser of the number of
bombers in the battle and 6, using the uniform broadecast control

P

values of dc' inatead of 5;;.

Number of bomb carriers desired by offense tc survive a given
local defense area.

Minimum firing range for local-defense missile.

Lesser of 1 and —g- .

Number of local-defense misslles per salvo.

Closing speed of interceptor.

Interceptor speed.

Number of vehicles entering a given local-defense region.

Marginal value-added destroyed by the n'B bomb assigned to
the 4t aiming point in the jtB target.
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ij
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(e, W)

LIST OF SYMBULS (Cont'd.)

Probability that an element of two F=89D's has split but each
intercertor independently attacks the same bomber on the second

pass.
Same definition as xl-l except that it applies to an element of

two F-890's which is on broadcast control all the way.

Same as "ij but applies only t¢ the second pass of an element
of two F-89D's which were on cloge control on their first pass.

Sams definition as xij except that it applies to an element of

two F«89D's which is on broadcast control all the way.
Probability that an element of two F-89D's has split but each
interceptor independently attacks the same bomber on the third
p&SS .

Same as wij but applies only tc the third pass of ar element of
two F-89D's which were on close control on their first pass.

Total number of aiming points for the particular strike.
Number of aiming points in the jtb target.
Time interval between local-defense missile salvos.

Ratio of the cost of a bomb carrier to cost of & decoy (plus
its portion of & decoy carrier).

Reciprocal of effective missile speed in seconds/nautical mile.

Mumber of batteries of Nike (Talos CW, Talos W) in a given
local~defense region.

Missile launcher tie-up time.

Maximum distance in nautical miles which could be flown by
an JL-28 at low altitude.

Siting factor for local-defense missiles.

Nautical miles of combat radius lost by an interceptor per
nmimte of combat time (at the specified conditionag.

Rela tive armament effectiveness number.

Area defense kill potential.
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LIST _OF SYMBOLS {Cont'd.)

' Expected number of offense vehicles destroyed by Bomarc missiles.

Total number of interceptcr pscses in a given air battle.

Distance in nautical miles from the uncoupling point of the
IL-28 1o the target.

Probability that a given bomber arrived at the particular target
for which it was briefed.

Distance of interceptor from point of impact at time of firing
reckets.

Detection radius.

"Lirit of interceptor distribution” as found in solutions for
P

de’

Distance between interceptor and bomber at time of impact.
Ratio of bomb carriers sent to decoys sent.

Minimum range of fire of intercepter.

Overtuke speed.

Time of search by interceptor's radar.

Combat time in mimtes.

Interceptor operational non-abort factor between scramble and
point of firing at invader.

Interceptor operational non-abort factor after completion of
one pass and before firing stage of next pass.

V%ﬁue-added wnich would be destroyed by one bomb drepped on the
1YW giming point in the jtb target.

Probability that two Interceptors, having been scrambled as an
element, attack a bomber so that bomber fire is split j ways,
but only i interceptors fire effectively.

Same definition as Y3 except tlrt it appllies to an element of
two F-89D's which is on broadcast control all the way.

Greater of off and ¥y.

Probability that a given bomber of a group of bombers would be
tracked by the radar system.
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LIST OF SYMBOLS (Cont'd.)

B Number of bombers in a formation at a given point along the
bomber route.

ﬁA Number of bomb carriers for a particular track entering the
area defenses.

B Total number of bomb carriers for each track that should
survive the defenses.

BK The number of bombers expected to be killed by a given number
of a particular type of interceptor.

BOT Number of bombers expected to arrive on target.

BOT Expected mmber of bombers arriving at the jth target.

3 .
ﬁZI Total number of bombers entering the ZI.
ﬁZI Number of bombers which entered the ZI briefed for the jth
J target.

Py Number of bombers entering a given local-defense region.

Y Number of close-contrclled passes by interceptor elements
in a given air battle.

3 Number of decoys entering a given air battle.

e Greater of 1 and Eg—- .

vy Maximum rate of fire of bomber.

¢ Standard deviation of & normal distribution.

% Equivalent dispersion of bomber armament.

oy Equivalent dispersion of Iinterceptor armament.

[} Number of a given type of interceptor.

% Number of F-89D's in a given battle which were on broadcast
control all the time.

¢2 Number of FP-89D's on their second psss in a battle, and hence

on broadcast control, which had originally been on close control
on their first pass.
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LIST OF SYMBOLS (Cont'ad.)

Number of F-89D's on their third pass in a battle, and hence

on broadcast control, which had originally been on close control
on their first pass.

Number of F-86D's on close control in a battle.

Number of F=89D's on close control in a battle.
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IS8T OF ABBREVIATION
ADG Alr Defense Command
ADDC Air Defense Direction Center

AEW and C Airborne early warning and control

AT Airborne intercept

AMTI Airborne moving target indicator
CEP Circular error probable
db Decibels

DC Direction center

DEW Distant early warning

DGZ Desired ground zero
- ECM Electronic countermeasure
FFAR Folding Fin Aerial Rocket
FI Fizcsl year

KT Kiloton

MT Megaton

MTI Moving target indicator
UHF Ultra high frequency

VAD Value added destroyed

VHF Very high frequency

21 Zone of the interior
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INTRODUCTION

In RAND's High Attrition Air Defense Study, which is reported in
R—250,(l) an attempt was made to estimate the probable effectiveness
of air defense of the continenta]l United States in the event of a large-
scale Soviet attack in the years 1956 to 1960. One of the main purposes
of the study was to determine the relation of defense effectivenass to
defense cost and to the weight of the Soviet attack. Thus an important
part of the analysis was preparing estimates, for & number of different
types of strikes, of the attrition which the defenses might infilict on an
incoming bomber'force and the resultant target damage achieved by the
attackers. It is the purpose of this memorandum to present the assumptions
and techniques used in making these esiimates, and the results produced.

Contrary to the case of studies comparing various weapon systems against
a comnon enemy none of the many factors involved in the estimates of this
study caencel out, because the intent is to fimd an absclute resulte-or a
true expected result--for each situation. This means that a great deal of
care must be taken to reflect the pertinent factors in the most reallstic
manner. It was felt that these factors could be reflected most sssily=--and
most realistieally, under the limltatione of the study--by the use of the
"map exercise” technique.* As employed, this technique performed three
functions:

l. It embedded the attrition estimstes in the correct constraints

as regards the geograpnical distributions of Soviet bases,

*
Inaight gained via the map exercises might permit a less cumbersome
technique for similar studies in the future.
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continental U.S. targets,' and defense system components.

2. It provided a decision process whereby "Soviet planners" could

select a set of aiming points.*

3. It provided the inputs for the estimation of overall attrition

and bomb damsge.

The sequence of steps within the analysis was as follows. First the
Soviets were given a stockpile of bombs and bombers which could be committed
to an attack against the U.S. Zone of the Interior (ZI). The former were
gpecified in number and yield, and the latter as a number of TU-4's which
could be exchanged for other types on an equivalent-cost beasis. The defense
was also given a budget level, specified in numbers of each component of the
defense system. Then, on the assumption that the Soviets had a rather good
idea of the ZI defenses, the bomb and bomber stockpiles were assigned to that
set of aiming points which would maximize the damage to the target system.
This was accomplished via the map exercises, in which were also performed
the commitment of the defense weapons and measurements of where the battle
would be Joined by each weapon. The exsrcises thus reflected the value of
sach alming point, the defense weapons defending each alming point, the
geographical relationships involved, etc. The outputs of the map exercises

were the inputs to the actual attrition calculations and bomb damage assess-

ments.

"

Throughout this memorandum farget means & metropolitan area, SAC base,
or any group of one or mre aiming points protected by one local defense
installation or in a city apart from other cities. Aiming point means the
specific point on the ground over which the offense wants a bomb to explode;
it 18 used as synonymous with DGZ (desired ground zero).
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This report follows the same order as the analysis. Chapter I presents
the assumptions on offense forces, defense forces, and targets. Chapter 11
extends the first by deseribing the effectivencss assumed for each component
of the defense system. Chapter III describes the map exercises as actually
perfermed. Chapter IV indicates the methods by which the exercise outputs
were processed to obtain the overall attrition and bomb damage assessments.
In Chapter V the results are presented in terms of the totsl damage achleved
for each of the hypothetical attacks. These are given in tabular form in
Table XVI. GSome operational conclusions drawn from these analyses are also
presented iﬁ this chapter, as is a discussion of the influence of some of
the more important assumptions involved in the study. A more complete
discussion of the implications of the larger study of which this was a

part can be found in R-250.()



RM-1166
1-5-54
1

CHAPTER 1

ASSUMPTIONS AS TU FORGES AND TARGETS

Calculations of the effectiveness of a defense syster depend upon &
great many input parameters Involving the attacking force, the target
system to be attacked, the defense system itself, and the inter-relations
among these three. This chapler discusses the assumptions used for the
three basic factors and the geographic relation between the target system

and the defense system.

Vehicles
The enemy vehicles which are thought possible for the period of this

study are described in Table I. This is a slightly modified version of

the table appearing in RM-lO?B.(z) It was assumed that all of the manned
bombers would be equipped with radar-directed tail turrets with twin 23-mm
gun mounts. No very-high-performance aircraft or missiles were assumed to
become operational before 1960. None of the submarine-launched threats
listed in the table were actually considered in the study because of lack
of information on the status of anti-submarine warfare. A simple extension
of the type of calculations made here could be used to cover the submarine-
launched casges if the size of the threat could be estimated reliably.

In order to achieve as much surprise as possible, saturate the defenses,
and avoid possible retaliation between attacks, only single, maximum-strength
strikes were considered in these analyses. Table II shows "basic™ forces
which were considered to arrive over the ZI for each year for which strikes

were analyzed. As can be seen from the table, a fundamental strike
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Table 1
RUSSIAN STRATEGIC OFFENSE POSSIBITITIES
Hange(l)
Weapon (n.mi. ) Speed Altitude
Delivery Un- Once {}n) (rt)
System refueled Refueled | Cruise Target { Cruise Target
1. TU=i 4250 5500 215 350 10,000 30,000
2. IL-28 (Wing-coupled 50600 390 420 35,000 40,000
to TU=L) (1165 for
11-28 only)
3. Submarine-launched 250 450 £L50 Low
V=l-type missile
4. Submarine-launched 500 L60 520 40,000
turbojet missile
5. Submarine-launched 1000 A20 470 30,000 40,000
Jet airplane to
40,000
6. Type 31 (turboprop) 6600 8500 350 400 30,000 40,000
to to
35,000 45,000
7. Subsonic jet bomber 3400 L150 425 K75 30,000 45,000
to
40,000
8. Submarine~launched 300 3000 45°
V~2-type missile angle
9. Subsonic jet bomber 5600 7000 425 475 40,000 43,000
(advancedg
10, Surface~to-surface 5000 520 520 50,000
missile (low-speed, to to
similar to Snark) 800 800
(1) The ranges quoted are the maximum still-air distances that the airplane
can fly, making the usual allowances for reserves.
(2) The term "low altitude," as used in this study, is intended to mean:

Over water - Over land
Daylight, good visibility 5C feet 200 feet

Night or poor visibility 200 feet 500 feet
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Range Low Alt.itude(z)
loss per Range Estimated Date Assumed
mile at loss per | Radar 100 Maximm
target mile Echoin Alr- Quantity
vel, and Speed at low Area(h% craft Over
alt. (kn) (3) alt, 5 Opera- (5)
(n mi) Cruise Target (n mi) (m™) tional U.S.
1.0 200 275 0 L5 now £00
1.4 275 450 1.2 15 1955 400
0.5 1955 50 subs
with 2
each
limited capability(6) 0.5 1955 Same as
No. 3
1.4 300 450 1.2 1.0 1955 As No. 3
but one
per sub
1,0 350 400 1.0 KO 1956 200
1.4 300 450 1.2 27 1956 400
0.1 1956 Same as
No. 5
1.4 300 450 1.2 27 1958 450
no capability 5 1958 1200
(3) These are maximum speeds at low altitude. All aircraft were considered to

(&)
(5)

(6)

be capable of sustaining these speeds for approximately one hour prior to
target on one-way missions. For the I1~28 this time was cut to 40 minutes
because of range limitations.

Microwave echoing areas obtained » 50% of the time, but neglecting the
side~on echoing areas, are estimated here,

This is & plausible assumption about the number of carriers which might reach
the U.S. in a saturation strike against ZI targets, if the present and near-
future effort of the Soviet LRAF is maintained. This study also examines the
effect of increasing the basic Russian stockpile of bombers and bombs.

Guidance is the limiting factor for this threat at low altitude. A fair capa-
bility should exist against coastal targets, but CEP would probably be prohibi-
tive for any but the largest inland cities requiring more than 150 miles of

flight,
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FA
Year
1956
1958
1960

Table II

ATTACKING FORCE ARRIVING OVER ZI DEFENSES

Equivalent
TU-4
Stockpile

470

556

654

Vehicle
~Lype __

TU=-4
I1-28

Ii-28
Type 31

Snark-type missile
Decoys

Advanced B-A7-type
bombar
Decoys

Typical Number
Arriving over 21

195
150

110
238

390
2040

23
1650
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expenditure, in terms of equivalent TU=4 bombers, was set down for‘each
year. This expenditure was then converted inteo numbers of the preferred
weapons for each year by using cost ratios between the various vehicles.
Operational abort factors were applied to the resulting weapon combina-
tions to determine the number which might arrive over the ZI. At the

same time, in the 1958 and 1960 strikes, the proportion of the force
comprised by each vehicle was adjusted in order to maximize the expected
damaige to the U.S. Thus the final column in Table II presents numbers

of vehleles which were considered to arrive cover the Z1 in a typical case
where standard offense and defense budgets were assumed. {The exact numbers
and proportions changed with any changes in target selection, budget level
of either offense or defense, and attack strategy, as will be discussed in
later sections.)

411 of the manned bombers were glven a capability for carrying cut
either high-altitude or low-altitude penetration of the ZI. For high=-
altitude attacks, the reasonable operational altitude limits of the air-
craft were used. For low-altitude penetrations, figures were used which,

it was felt, represented minimum feasible operational altitudes. These

were:
Qver Water Over land
Daylight, good visibility 50 £t 200 ft
Night or poor visibility 200 £t 500 ft

An elementary exsminatlon showed the low-altitude attacks to be the most
effective by a large factor in 1956 and 1958, and still the most desirable
in 1960 by a smaller factor. Consequently all manned bomber attacks which

were studied in detall were assumed to be at low altitude.
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The long-range surface-to-surface missiles were not given a capability
at low altitude, however, because of the large circular error probable (CEF)
which would be caused by expected errors in the guidance system in such an
attack. Hence the Snark-type missiles Qere envisioned as attacking at
50,000 feet altitude.

Not listed in Table I but included in Table II are the decoy vehicles
for which the Soviets were given a capability in 1960. These would be
small, cheap, turbojet- or ramjet-powered missiles. They would be equipped
with broad-band radar repeaters which would make them appear, to all search
and tracking radars of the defense system (both ground-based and airbormne),
identical to the bombers which they accompanied. They would have very simple
guldance systems which might have an accuracy of 3% of range from their launch
point. Such decoys would necessarily travel at the same speed and altitude
as the bombers they were intended to simulate, and could be either a short-
renge type for use only against local defenses or a long-range type for
primary use against area defenses. From four to ten of these decoys might
be carried by a bomber, depending upon the range of the decoys and the type
of bomber, and possibly six to sixteen in a cargo aircraft.

It was felt that the longer range decoys would have more utility, since
all of them would dilute the area defenses and about one-half of those sur-
viving the area defenses would be accurate enough to dilute the fire from
the local defenses as well. It was alsc found to be cheaper per decoy used
to carry them to the edge of the defended region in large cargo aircraft
which did not themselves penetrate the defensea. Cargo aircraft similar
to C-132's were postulated for this task, and 10 decoys of 1000 to 1200
miles' range were assumed to be carried in each. The total number of decoys

which ooculd be available for one strike was set at about 3100.
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Bombs and Bombing Tuctics
The Soviels were assumed to have astomic bombs of a nominal 100-kiloton

(KT) yield available in considerable numbers by 1956. Since a large portion
of their stockpile of bombs would probably be required for attacks on other
areas and for a strategic reserve, only 375 such bombs were assumed to be
assigned to a 1956 strike against the ZI.

For later years, both the stockpile numbers and the bomb yield assump-
tions were increased. In 1958 enough 100-KT bombs were envisioned to allow
cne in each vehicle launched against the ZI. It was felt that the Soviets
could have a large rumber of fusion bombs available by 1958, Therefore,
an alternative strike was studied for this year in which each carrier had
a 5 megaton (MT) fusion weapon.

For the 1960 strikes the fusion weapon was considered as the prime
threat, with again enough 5-MT bombs to have one in each carrier.

Three primary methods of bomb drop were considered for the low-altitude
attack, where the escape problem prohibits conventional tactics. The first
was toss-bombing at the end of a short, rapid climb just prior to target.
Al though marginally satisfactory for small yields, this operation would
not allow the crew to escape a large bomb burst. The second method was a
drogue parachute drop after a climb to a suitsble altitude (3000 to 5000
feet for a 100-KT bomb)}. This has the disadvantage of placing the carrier
in a position which ig very wvulnerable to defenss action, particularly by
local defenses where they exist, both during and after the climb. The
third and preferred method, particularly for larger yield bombs, was use
of a rocket~-boosted bomb which might be launched 5 to 10 miles from the
aiming point. The bombing accuracy achieved in this case would probably

be acceptable, and the aircraft would be permitted to remain at a very
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low altitude, thus presenting the most difficulty to the defense.

Intelldicence, Routes, and Coordination
A nigh degrse of intelligence of the.United States Zone of the Interior

defense system was assumed for the Russiang in this study. They were given
credit for knowledge of the number and locaticn of radars, fighter airecraft,
and defense missiles. In addition they were assumed to know the performance
parameters of all of the components, and to be eble to prediet the expected
outcome of air battles within limits.

The most likely locations of launching bases assumed for the strike
analyses are snown in Fig. 1, along with likely flying routes and distances
to U.S. targets. It can be seen from thls figure that one-way missions were
in general a necessity, with refueling required for some missions. The Type
31 could perfornm a two-way strike against some targets without refueling, and
against many targets with refueling. Howsever, the target strategies which
maximized the damage Yo the U.S. for a given offense budget always precluded
all but a few two-way missions for the Type 31. Another notable fact from
Fig. 1 is that s large portion of our targets can be attacked not only from
the north, but from the southeast or southwest by Type 31's or refueled TU-4's.

As indicated in Fig. 1, the various bomber streams or groups of an all-
out attack would probably come via different routes. This brings up the
question of how well synchronized the various penetrations of first detectioen
lines might be. Flights of this length could probably not be kept rigorously
to a time schedule, but because of the unpredictebility of the relative
departures from programmed times and the possibilities of offsetting these
by operational procedures (loitering if ahead of schedule, for example), the

streams of bombers were treated as if they were perfectly coordinated, or
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perfectly timed for thelr respective penetrations of the defended ereas.
The effect of this assumption on the results of the analysis is discussed
in Chapter V. To be fully effective, a bomb delivered against a SAC base
should arrive before the aircraft based there can be flown away. Since
the relative scheduling of bomber detections can cause some bases to
recelve premature warning, and hence allow aircraft to become airbecrne
before being bombed, well-coordinated attacks upon SAC bases are essentisal.
This effect of relative timing of bomb delivery upon SAC damage has not

been considered in thils study.

Cell Tactlcs
In this study the Soviets were given credit for having developed a

station~keeping technlique wherehby cne bomber could fly in a certain position
relative to another by observing a return signal from it on the bombing
radar or some specially built radar equipment. This radar was hypothesized
as having about an 80-mile range on & beacon in the other bomber at high
altitude, being limited at low altitude by the radar lire of eight. Each
borber was presumed to be able tc stay in its relative position with a CEP
of cne-half to one mile, and it was considered that upwards of 100 bombers
could navigate on one lead aircraft by this method.

With this accuracy in keeping station, bombers could not fly closer
than about a mile apart without danger of collisions. The resulting loose
formation would have & certain tactical advantage for the offense, since
interceptors could not be vectored in a group against a group of invaders.
In general, therefore, the bombers attacking an area were pictured as flying

in a loosely knit group or stream, the boundaries of which were defined by
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the maximum range of radar station-=keeping ability cited sbove.* This
stream followed down one main track into the target area, with portions
of it bresking off at varicus points to head for individual targets.

One strike as visualized here would then consist of several of these
stresns of attacking aireraft coming into the various areas of the U.S.
These sireams would be timed to enter the defended areas according to a
schedule designed for maximum tactical advantage. One or two aircraft
in each stream would do the primsry navigation, all others keeping station
on them.

Small groups would break away from the main streames at well-defined
navigational check points and head for other check points enrocute to
specific targets. Each such group would have a lead aircraft, the others
again keeping station on the leader until reaching the last check point

prior to target, from which each bomber would make an independent bombing

run.

terme eg and £ of Defengse

Many types of electronic countermeasures and tactical evasions of
defense were considered available to the attacking force. Most of these
are more fully discussed in R-250,(1) RM-IOBO,(B) and RM-IO?O-(A) They
include such things as decoys, chaff in all of its applications, spot and
barrage jamming of radars, jamming of communication channels, blinkers,

low=altitude flights, devious routings inte the U.S., evasive maneuvers,

'The Soviets wers not permitted to extend the station-keeping grid by
the use of alrecraft equipped with repeater beacona. Also, the defense was
not given any capability for utilizing in its operstions the radiation from
the station-keeping system.
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etc. Employment of some of these measures precludes the use--or advantageous
use~-of others; for example, low-altitude flights impede evasive maneuvers
and mass applications of chaff. In all cases the efficacy of a countermeasure
or evasion tactic mist be weighed against the cost, in terms of effort and
loes of performance, of using the measure, and alsc against other possible
measures with which i1t may be incompatible. Also to be considered are the
probability of defense employment of .counter-countermeasures and the resulting
"degradation confidence"* of the counternmeasure.

No countermeasurs was assuxed to be available in 1956 which would require
high-altitude attack for its optimum use and which would be as advantages us
to the offense &s low-altitude attack. Therefore, low-altitude attack was
assumed to be chosen by the offense. In 1958 it was assumed that a cepa-
bility of mass sowing of chaff by unmanned vehicles (a high-sltitude measure)
was available to the Soviets. However, when the pertinent factors wers
congidered, it appeared that again the best choice for the Soviets was to
execute a low-altitude attack. Among these factors were the amount of radar
cover and number of conircl channels available at low altitude, the portion
of the bomber strength which would have to be converted to chaff dispensers
and cargo sircraft, and the fact that airborne moving target indicators (AMTI)
would not be available for any interceptors other than the F-102. It was
agsumed thet in 1960 advanced ground radars of the Muldar and AN/FFS-T types
would have moving target indicators (MTI) able at least to amelicrate the

effects of area chaff, and that the Russians could have & large number of

L
The "degradation confidence" of a countermeasure is the probability thst
an expected defense degradation will result if the countermeasure is executed

as intended. The concept is discussed fully in RM-1090.(4)
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deccys. These considerstions led to the use of beth high- and low-altitude
attacks utillzing decoy countermeasures.

No other specific countermeasures or defense evasionc were inserted
into the attacks (with the possible exception of the route selections),
partially becaucge of the difficulty in predicting confidence levels and
resulting degradations tc the effectivenesses of the defense system com=-
ponents. However, some strikes were .analyzed wherein the probability of
the persomnel involved in the defense action deing their jobs correctly
was cut in half. Part of ithis degradation was coneldered to be the result

of adding some low-cost, low-confidence countermessures to the attack.

TARGETS

In a large-scale effort to knock out the ZI, the Soviets might have
any of seversl objectives in mind. Broadly these objectives fall intc
three categories: 1o destroy our military potential, in particular our
immediste retaliatcry capability; to destroy our economic system; and to
disrupt our organizing and governing procedures. With these objectives
in rind, a logical target system can be derived. The target system used
for this study consisted of four basic parts, as outlined belou.* a1 of
the targets are shown in Fig. 2, which gives a good indicstion of their

coricentraticns.

Strategic Air Command
An attempt to destroy our retaliamtory capability would involve an

attack against the Strategic Aly Command bases in this country. This

effort would attempt to destroy the SAC facilities and as many of the

*
See reference (5) for further details.
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* = Metropolitan areas
o = Petroleum

4 = Steel

A = SAC

Fig.2—Target system
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aircraft as could be caught on the bases. The SAC bases considered in this

study are listed in Table III.

Urban Industrial Concentrations

Our large cities might be prime targets for a Russian attack for several
reascns, among which are the destruction of population, disruption of communice-
tions and transpertation, and destruction of industrial potential. Since cer-
tain types of industries contribute directly to our military potential, a bomb
dropped on these facilities yould serve the double purpose of destroying the
economic system and the military capabilitles. In this study all metropolitan
areas were therefore rated on the basis of the "value added by manufacturing
in war and war-comnnected industries™ in those areas.* demage to other industiries
and to communications, transportation and population were considered as either
incidental or proportional to the war industry value destiroyed.

Table IV lists the 159§* metrcpolitan areas used as targets in this study,
along with the total value added by manufacturing in war and war-connected
industry in each area. Accurate figures for this value added were available
only for the 53 1&rgeat*'* metropolitan areas, so an approxim tion was used
for the other 106, based on the total value added by all manufacturing in

these areas. Although this approximation msy be quite inaccurate for an

»
"Value added" is & term used by the Bureau of the Census. It is used here
to mean the dollar worth added by war-related manufacturing facilities in the
area to all materisals brought into or originating within the considered area.

»*%
Actually the 165 metropolitan areas listed in reference {6) were examined,
but 6 of these were not included as targets because of their small values.

k2.2 4
Largest in total manufacturing output but not necessarily in war and
war-connected manufacturing output.
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Table III

STRATEGIC AIR COMMAND BASES

Abilene, Tex.
Altus, Okle.*
Barkadale, La.
Bergstrom, Tex.*
Biggs, Tex.
Blytheville, Ark.*
Bunker Hill, Ind.
Carswell, Tex.
Castle, Calif.
Davis Monthan, Ariz.
Dow, Me.*
Ellsworth’ s.D.
Fairchild, Wash.
Forbes, Kan.

Great Falls, Mont.*
Homestead, Fla.
Hunter, Ga.

Lake Charles, La.
Limestone, Me.

Lincoln, Nebr.
Little Rock, Ark.
Lockbourne, O.
Mechill, Fla.
March, Calif.
Mountain Home, Ide.
Offutt, Nebr.
Pinecastle, Fla.*
Fiattsburg, N.Y.
Portsmouth, N.H.
Ramey, P.R.
Sedalia, Mo.
Selman, La.*
Sioux City, Ia.*
Smoky Hill, Kan.
Travis, Calif.
Turner, Ga.*
Welker, N.M,
Westover, Mass.

»

During the course of HAND's study, Blytheville was added
to SAC's programmed list of bases and later deleted. Altus
and Pinecastle were also added and Selman and Sioux City
deleted. Bergstirom, Dow, Great Falls, and Turner are strategic
fighter bases, and were included in some phases of the study.



1.

3-
4-

6.

7.

8.

9.
10.
11.
12.
i3.
14.
15.
16.
17.
18.
190
20,

22.
23.
24.
25.
26.
7.
28.
29.
30.
31 .
32.
33.
34.
35.
36.
37.
38.
39.
1‘.0.
FAR
42,

Table IV

VALUE ADDED BY MANUFACTURING IN WAR INDUSTRIES

IN 159 METROPOLITAN AREAS*

Chicago, I1l.

New YOI‘k,N.Y.—N-E- HBV Jersey’NoJ.

Detroit,Mich.

Pittsburgh,Pa.
Philadelphia,Pa.

los Angeles,Calif,
Clewveland,Ohio

Buffalo,N.X.

St.louis,Mo.

Milwaukee,Wis.,

Boston,Mass.

Baltimore,Md.
Youngstown,Ohio

San Francisco-Oakland,Calif.
Dayton,Chio

Akron,Chio

Rochester,N.Y.
Cineinnati,Ohio
Indisnapolis,Ind.
Flint,Mich.

Toledo,Ohio
Minneapolis-St.Paul ,Minn.
Bridgeport,Conn.
Houston,Tex.

Canton,Ohio

Providence,R.I.
Syracuse,N.Y.

Hartford,Conn.

South Bend,Ind.

New Britain-Bristol,Conn.
Kansas City,Mo.
Wheeling,W.Va.-Steubenville,Ohio
Allentown-Bethlehem-Easton,Pa,
Birmingham,Ala.

Erie,Pa.

Columbus,Chio
Springfield-Holyoke,Mass.
Grand Rapids,Mich.
Louisville,Ky.
Waterbury,Conn.
Albany-Schenectady-Troy,N.Y.
Worcester,Mass.

Value in

§ miliions

3,245
3,032
2,457
1,357
1,340
1,170
1,169
677
667
596
570
529
519
461
373
350
34
336
7
311
311
279
270
255
239
218
217
197
197
194
193
189
186
186
175
168
166
164
161
157
152
150

RM=1166
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43
b
45
46.
47
48,
49
50.
51,
52.
53.

Table IV (Cont'd.)

Peoria, I11.
Trenton,N.J.
Seattle,Wash.
Utica-Rome,N.Y.
New Haven,Conn.
Reading,Pa.
Portland,Ore.
York,Pa.
Atlanta,Ge.

New Orleans,la.
Fall River-New Bedford,Mass.

Total in 53 areas

e
55
56.
57,
58.
59.
60.
61,
62.
63.
4.
65.
66.
67.
€8,
69.
70.
Ti.
72
73.
Tho
754
76.
7.
78.
7.
80.
8.
82.
83.
84.
85.

Dallas,Tex.

Fort Wayne,Ind.
Richmond,Va.
Wilmington,Del.
Menphis,Tenn.
Denver,Colo.
Rockford, 11
Charleston,W.Va,
Beaumont-FPort Arthur,Tex.
Lancaster,Pa.

Winston Salem,N.C.
Davenport, la.

Omaha ,Neb.

Lawrence ,Mazs.
Binghamton,N.Y,
Stamford-Norwalk, Conn.
Lansing,Mlch.
Chattanooga,Tenn.
Kalamazoo,Mich.

Fort Worth,Tex.
Evansville,Ird.
Harrisburg,Pa.
Hamilton-Middleton,Ohio
Nashville,Tenn.

Baton Rouge,La.
Lorain~Elyria,Chio
Greenaboro-High Point,N.C.
Greenville,S.C.

RaCine’ Wis.

Wilkes Barre-Hazelton,Pa.
Huntington,W.Va.
Knoxvilie,Tenn.

Value in

i millions

140
133
132
121
115
101

90

83

50

120
112
108
104
100

94
90

85
-3

80
80
78
75
75

SIF

69

A

66

EZIR/REER



86.
8‘?0
8e.
89.
90.
91.
g2.
93.
e
95.
96.
97.
58.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112,
113.
114.
115 .
116.
117.
118.
119.
120.
121.
122.
123.
124.
125,
126.
127.
128.
129.
130.
121.
132,
133.

Table IV (Cont'd.)

Washington, D.C.
San JOSG,C&lifo
Saginaw,Mich.
Springfield,Chio
Tacoma,Wasgh.
Muncie,Ind.

San Diego,Calif.
Johnstown,Pa.
Kencsha,Wis.
Tulsa,Okla.
Lowell,Mass.
Moblle,Ala.
Columbus,Ga.

Des Moines,ld.,
Durh&m,NoCo
Jackson,Mich.
Norfolk=-Portsmouth,Va.
Pittsfield,Mass.
Wichita,Kan,

Cedar Rapids,Ila.
Decatur,Ill.
Scranton,Pa.
Brockton,Mass.
Charlotte,N.C.

San Bernardino,Calif.
Savannah,Ga.
Galveston,Tex.
Lima,Ohio
Manchester,N.H,
Cklahoma City,Okla.
Spokane,Wash.
Gadsden,Ala.

San Antonio,Tex.
Jacksonville,Fla,
Tampa-St.Petersburg,Fla.
Stockton,Calif.
Waterloo,la.

Terre Haute,Ind.
Asheville,N.C,
Augugta,Ga.
Fresno,Calif.

Salt Lake City,Utah
Duluth,Minn.

Green Bay, Wis.
Springfield,Ill.
Portland,Me.
Sacramento,Calif,
St. Joseph,Mo.

Value in

§ millions

60
59
58
56
54
52

RM-1166
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Table IV (Cont'd.)

Value in

$ miilions
134. Bay City,Mich. 25
135, Madison,Wis. 25
136, Roanoke,Va. 25
137, Hampton-Newport News-Warwick,Va. 22
138, Miami,Fla. 22
139. Sioux City,Ia. 22
1,0+ Corpus Christie,Tex. 21
141. Phoenix,Ariz. 21
142. Charleston,S.C. 20
143. Little Rock-North Little Rock,Ark. 19
144. Macon,Ga. 19
145. Pueblo,Colo. 19
146, EL Paso,Tex. 18
147. Lincoln,Neb. 18
148. Altoona,Pa. 16
149. Dubuque,la. 16
150. Waco,Tex. 16
151. Jackson,Miss. 15
1520 Shreveport,La. 15
153. Topeka,Kan. 15
154+ Columbia,S.C. 14
155. Montgomery,Ala. 12
156. Atlantic City,N.J. 11
157. Sioux Falls,S.D. 11
158. Wichita Falls,Tex. 11
159, Springfield,Mo. 10
Total in 159 areas 30,325
Total in U.S. 35,590

L]
Values for nos. 54 through 159 and total for 159 areas may be
inaccurate because of approximetions used (see text).

See references (1) or (3) for more complete information on 53
largest metropolitan areas.
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individual metropolis it is satisfactory on the average, and, since these
are the smeller targets, it is estimsted to have produced no significant
error in the strike results.

Many of the metropolitan areas in Table IV are sc large geographically
that they could not be completely destroyed by one bomb. For these situa-
tions the manufacturing facilities were located on maps, upon which were
then overlaid circles of destruction corresponding to the lethal radii of
the bombs. These circles were moved to positiong which gave the maximm
value added destroyed (VAD) by the first bomb, the seccnd bomb, etc. The
VAD's thus achieved were then compiled into lists of bomb damage per DGZ

for the different bomb gizes considered. These lists were used in assigning

bombers for each strike.

S 1 a e

Another enemy strategy might be to attack a selected 1list of plants
in & relatively small number of important induetries so as to deprive the
United States of essential military materiel. Such a bombing criterion
would attempt to destroy & high percentage of the capascity of each industry
attacked in order to create critical bottlenecks in military production.
Only twe such industries were considered here, petroleum and steel. Each
is of mejor importance and has the added interest of forming a target
system geographically different from the metropolitan areas. Lists of
the facilitlies of these two industries can be found in references (1) or

(5).

Washington, D. Co
The nation's capital appears only on one list so far mentioned, and

then 1n an inconspicucus position far down on the 1list. Undoubtedly, the
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Soviets would attach more importance to Washington as a target than is thus
indicated. Therefore the city was put into a separate category as a target

of great political value and glven & position of importance on all strikes.

THi DEFENSE SYSTEM

The defense system wae visualized as belng compogsed of two essential
parts: the sensing system and the weapons system. The former was re-
sponsible for detecting, tracking, and identifying airborne objects, evalu-
ating patterns of attack, assigning weapone on a broad basis, and supplying
adeguate acquisition or control data to the weapons system. The latter was
in turn responsible for attacking hostile targets.

The defense system used in this study started with the currently pro-
grammed system in the early years and additions were made to it for the
later time periods. The amounts added lwere determined by a compromise
between the present budget and what was belleved to be necessary for a
minimum acceptable defense level. For the later years the defense budget
was allocated to components of the defense system according to two ruies:

| 1. Development and production requirements should not be increased
greatly over ths programmed levels.

2. The "best" (most efficient from the defenss viewpoint) and most
necessary (in order to remove deficiencies in the aystem)
componsnts should be purchased first.

The proposed defense system which was ultimately used is outlined in
Table V. In this table are shown the gquantities of the components which
wore assumed to be operational by the end of each fisca'l; year. Since ths
attacks vhich were studied were considersd to occur near the end of each

calendar year in question, use of the corresponding fiscal year (FY)
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defense systen quantities allowed approximately six months' additional time
for the equipment to become operational. (For example, 1958 strikes used
the defense system listed under FY 58, which were considered to be operational
by 30 June 1958. But a 1958 attack was thought of as occurring in December,
1958, so the defenses as used were actually about six months behind the
schedule listed in Table V.)
Fuller details on the proposed defense system, including cost and manning

estimates, can be found in Rp250.(1)

T ngi sten

The sensing system was composed of four essential elements: a system
for the conéiguous overland surveillance of aircrafi; a system for the
contiguous overocean surveillance of alrcraft; warning lines to apprise
the defenses of incoming air traffic; and the system to correlate, evaluate,
and take action upon all of the data thus acquired. Although surveillsance
may actually be performed by such other agencies as ground and sea observers
and aural and electronic passive detection devices, primary responsibility
for this function was given to the radars in the defense net, and this was
the only system which was consldered to produce usable data.

The overland coverage came from the large "primary" radars (including
permanent and mobile stations) plus a number of smmll sets which are re-
quired to fill the low-altitude gaps caused by curvature of the earth and
shielding by terrain. Performance estimates for the various types of radars
in the system were taken from RM-1077.(7) The presently operational and
planned sites were assumed for all radars listed in the Air Jefense Command
(ADC) program. To the coverage thus achieved was added that made available

by the assumed increases in numbers of radars, the network being augmented



Table V

BQUIPMENT QUANTITIES FOR ASSUMED AIR I[EFENSE SYSTEM(l)

Ttem Fy 552 | ryss | Fyse | Frsy | Fyse | Py s9 | Fr 6o | FY 61
RADAR NET (3)
1. Permanent-plan ZI radar stations
and ADCC
AN/FP5~=3 50 50 50 50 50 50 50 20
: AN/CPS-6B 25 25 25 25 25 15 0 0
] ADCC 11 14 18 18 18 18 18 18
2, Canadian permanent-~plan radar
, stations and ADCC
i U.S. manned
i AN/CPS-6 3 3 3 3 3 3 3 3
\ AN/FPS-3 13 RN 14 1 1, 14 u 1
Canadian manned 14 16 16 16 16 16 16 16
Canadian ADCC 1 1l 1 1 1 1l 1 1
3, First-phase mobile radar stations
AN/MPS~11 0 8 8 8 8 8 8 L
AN/FPS-8 0 7 7 7 7 7 7 0
AN/MPS-7 3 17 17 17 17 17 17 17
f AN/TPS~1D 0 12 12 1z 12 8 2 0
i L Second-phase mobile radar stations
AN/MPS=11 0 6 10 10 10 10 10 o
AN/MPS-T 0 5 9 9 9 9 9 0
AN/TPS-1D 0 8 16 16 16 16 0 0
5. low-altitude radar ststions (h) (L)
AN/CPN-18 0 100 175 175 175 175 175 175
LACR 0 0 5o | 150 | 25 | 35 | s | 75
6. Lincoln Laboratory Muldar stations 0 0 0 0 0 30 70 130
7. ABW aircraft (C-121C and C-121D) 11 35 60 85 110 135 160 185
8. Lincoln Transition Data Systems
—air divisions 0 0 0 0 2 L 7 12
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INTERCEPTORS

9. Present-generation interceptor
sguadrons (L)
F-86D 39 43 39 37 28 10 0 0
F-89D 3 7 2 | 2 13 10 0 0
F=9LC 9 7 oW | o 0 0 0 0
10. Next-generation interceptor
squadron (F-102)
Equivalent squadrons not carrying (&)
A-bombs 0 0 0 2 5 15 23 10
Equivalent squadrons carrying
A-bombs 0 0 0 0 15 25 40 51
. 11. Canadian interceptor sguadrons 8 8 9 10 1n 11 n 1
MISSILES AND GUNS
' 12, Nike missile battalions 10 28 45 50 37 20 5 0
13, Talos-type missile bgttalions
C-W Talos 0 0 0 0 5 18 30 25
Talos W (for defense other than SAC) 0 0 0 2 1 1L 15 22
Talos W (for SAC bases) 0 0 0 0 0 0 2 13
14, Skysweeper battalions 8 g 8 8 8 6 L 0
15, Area~missile pquadrons (55 missiles
—24 in revetments)
F-99A 0 0 0 0 5 10 10 10
F-99B 0 0 0 0 0 5 20 40
F-99¢C 0 0 0 0 0 0 5 25
A-BOMBS
. 16, Stockpile A-bombs for interceptors (L) (L)
! Early 0 10 30 30 30 30 30 30
Later (5) 0 0 o 20 20 20 20 20
17. Stockpile A~bombs for Talos W (5) 0 0 0 120 660 840 1020 2100
18, Special A~-rockets for interceptors 0 0 0 0 550 1000 1600 2040
19, later stockpile A-bombs for F-99B(5) 0 0 0 0 0 120 480 960
(1)

(2)

(&)

From Table 9 of reference (1), with some modifications to reflect numbers actually used in strikes.
Dates indicate fiscal year end; e.g., FY 54 is June 30, 1954.

(B)The underlined word indicates the unit of the numerical quantities listed.

Figures not in curremtly programmed and planned air defense,

(S)The pumbers show the actual quantities considered available for combatting a single mass attack,

76-6-1
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first where the greatest increass in defense effectiveness would result.

For example, low-altitude coverage was first used to aid in the identifica-
tion of alrcraft along the more important entry rouites. Next, low-altitude
coverage was made solid in the northeast section in order to give some real
protection to that important target area against low-altitude attacks. Then
warning and solid cover were provided for other target areas im the order of
their importance.

For contiguous over=the-ocean surveillance, surface picket ships and
airborne early warning and control (AEW and C) stations were assumed to be
in operation. Since the radar performance for the picket ships is quite
limited, as shown in RM-lO??,(7) these stations were used primarily to
facilitate data processing. The performance of the AEW and C radars is
inadequate against high-altitude, small-echoing-srea targets in its present
state. The performance was presumed to have been improved for 1958 by such
feagible expedients as an increase in transmitter power to 5 megawatts,
antenna redesign for reshaping the beam pattern, concentration on better
maintenance, and possibly scanning with the antenna alternately pointed
high and low. A backup ratio of 5 to 1 was used for the AEW and C alrcraft,
and the stations available were placed where it was felt that they would
most increase the defense potential.

The only early warning line assumed for thies study was a "McGill"®
lipe, roughly along the 54th parallel, with a seaward extension from Cape
Race, Bewfoundland, to Bermuda. This line was considered to give only
warning, rough count,qtnd rough direction in the portion over Canada, while
the Navy AEW planes in the.overwatar portion were considered capsable of
giving warning and track information through their coverage. The Distant
Early Warning (DEW) line, which is discussed at some length in R-zso,(l)
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was considered for this study. It was rejected at the budget levels em-
ployed, however, because of its high cost, the need tc use the money to
correct more pressing deficliencles in the defense system, the problems
brought up by "spoofing" of the line, questions concerning its defense,
and the political questions involved in its establishment and operation.

FPigures 3, 4, and 5 show the surveillance situations assumed for
1956, 1958, and 1960.

The data~handling and weapons-~contirol facilitiea(s) of the present
network were assumed to be materially improved by 1956 by the training
whlch will be provided through the Systems Training Program jointly
sponsored by ADC and RAND. There were also presumed to be modifica-
tions of equipment and procedures which would increass the capabilities
of the system by that time. £Righteen Air Divisions were used, as pro-
grammed by ADC and shown in Fig. 3. All manning requirements were cone
sldered to be satisfied for this perlod, the number of directors at each
air defense direction center (ADDC) being made equal to the number of
ground-to-air channels programmed for that station. Table VI lists
these numbers of directors. Each AEW and C station was regarded as having
four directers.

Identification of aircraft approaching the target areas of the ZI
was coneidered to be done principally by the corridor identification
gystem, which is discussed in RM-1078.(9) The statistical raid recog-
nition technique was alsc assumed to be in use in the ZI and in Canada.

*

It should be noted that this is substantially more directors than are
currently programmed by ADC. It should further be noted, as discussed in
Chapter V, that the still-too-small number of directors and channels used
here was one of the limiting factars in the defense potential.
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Detection boundaries
|} = Low-altitude day attacks by TU-4
\ or IL~-28 aircraft
---- Mc Gill line
~—— ADCC Sector boundaries

Fig.3 —Radar coverage of proposed air defense system 1956
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Detection boundaries

——— Low-altitude day attacks

——— 40,000-ft.attacks by IL-28's
35,000-ft.attacks by type 31's
----- - Mc Gill line
~—— ADCC Sector boundaries
----------- Boundaries of ADCC sectors
equipped with the
Lincoln Transition System

Fig.4 —Radar coverage of proposed air defense system 1958
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equipped with the Lincoln Transition
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type missiles

—— ADCC Sector boundaries

Boundaries of ADCC sectors

N~ | System

Fig. 5—Radar coverage of proposed air defense system—I1960
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Table VI

ASSUMED NUMBER OF CONTROLLERS AT EACH ADDC

NMumber of Mamber of

& Controllers Controllers

Site Number 1956 1958 Site Number 1956 1958
1 12 10 54, 12 10
2 8 g 55 g 8
6 g 8 56 8 8
7 A 8 57 8 8
8 8 8 58 12 10
9 12 10 59 12 10
10 12 10 60 8 8
11 4 8 , 6l 8 8
12 4 g 62 8 g
13 12 10 63 g 8
14 12 10 (A 12 10
15 12 10 65 8 8
16 4 8 66 8 8
17 4 g 67 8 8
18 4 8 68 4 8
19 4 8 69 8 8
20 12 10 70 8 8
pa 12 10 al g 8
24, 4 8 72 8 8
25 4 8 73 8 8
26 4 8 74 A 8
27 4 8 75 4 8
28 4 8 76 g8 8
29 4 8 77 12 10
30 12 10 78 iz 10
3 12 10 79 12 10
32 4 8 80 12 10
33 4 8 &l 12 10
34 12 10 82 4 8
35 12 10 85 4 8
37 4 g 88 2 8
38 12 10 89 2 8
39 g 8 90 3 8
40 8 8 91 2 8
42 12 10 92 3 8
43 4 8 94 4 8
YA 8 8 95 3 8
45 8 8 96 3 8
L6 12 10 97 3 8
L7 12 10 98 2 8
49 8 8 99 2 8
50 a 8 100 3 8
51 4 8 103 3 8
52 12 10 107 2 8
53 12 10 108 3 8

- :
These are the site numbers as zivan in tha.AiewsPn Mm% Macpang Program of
March, 1953.
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Table VI (Cont'd.)
ASSUMED NUMBER OF CONTRULLERS AT EACH ADDC
Number of Mumber of

Controllers Controllers
Site Number 1956 1958 Site Number 1954 1958

112
113
115
116
117
118
119
120
121
122
124
125
126
127
128
129
130
138
139
143
145
146
147
148
149
150
151
152
153
154
155
156
157
159
160
161
162
163
164
165
166

Canadian Sites
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In the 1958 analysis the data-handling system was further improved by
the addition of intercept computers (AN/GPA-23) throughout, and by the
change to UHF ground-to-gair communications. A slightly higher number of
these UHF channels were made available than wae the case with VHF in 1956.
This is reflected in the number of directors per station which were assumed
as listed in Table VI. Installation of the Linceln Transition System in
two Air Divisions a&lso improved the over-all performance. The two divisions
chosen are those encompassing the most valuable target areas (see Fig. 4).
Other features of data handling were unchanged from 1956.

The seven Lincoln sectors used in 1960 covered almost the entire
Eastern Alr Defense Force, ss shown in Fig. 5, and played a major role
in the protection of the targets in that area. Automatic tranamission
of commands to the interceptors and Bomarcs, as well as automatic assign-
ment of bombers, was assumed. The non-Lincoln sectors were treated the

same as in the 1958 analysis.

Defenge Wegpong Svatems
Three principal types of weapons made up the defense weapons systems

used in this study. These were interceptors, local-defense missiles, and
area~defense missiles. (Local-defense guns were also considered, but were
given credit for only negligible effectiveness.) The configurations and
deployments of these weapons are discussed here; estimates of their capa-
bilities are stated in the next chapter. Table VII lists the interceptor
deployment assumed for 1956, 1958, and 1960, and Table VIII lists the
local-defense missile deployment assumed. These are shown geographically

for each of the years in Figs. 6, 7, and 8, respectively.
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Table VII
ASSUMED INTERCEPTOR DEPLOYMENT FOR 1956, 1958, 1960
1956 1958 1960

Type of No, of Type of No. of Type of No.

Inter- Sguad- Inter~  Squad- Inter—* Squa
Name of Base ceptor rons ceptor”™ rons ceptor rons
Presque Isle AFB, Me. F-86D 1 F-86D 1 F-102 1
Otis AFB, Mass. F~86D 2 F-86D 2 F-102R 1
Hanscom AFB, Mass, F-86D 2 F-102 2 F-102 2
Westover AFB, Mass, F-86D 1 F-89D 1 F-102 1
Suffolk Co. Apt, N.Y. F-86D 2 F-86D 2 F-102 2
Mitchell AFB, N.Y. F-89D 2 F-102 2 F-102 2
Griffis AFB, N.Y. F-89D 1 F-89D 1 F-102 1
McGuire AFB, N.J. F-86D 1 F-86D 1 F-102 1
New Castle AFB, Del. F-89D 1 F-89D 1 — 0
Olmsted AFB, Pa. F-86D 1 F-86D 1 F-102R 1
Dover AFB, Del. F-86D 1 F-102 1 F~102 1
MCAS Quantico, Va, F-89D l F-102 1l F-102 1
Pope AFB, N.C. F-86D 1 F-86D 1 F-102 1
MacDill AFB, Fla, F-86D 1 F-86D 1 —_— 0
McGhee~Tyson AFB, Tenn. F-86D 1 F-102 1 F-102 1
Greater Pittsburgh Apt, Pa. F-89D 2 F-89D 2 F-102R 2
Youngstown Apt., Ohio F-89D 2 F-102 2 F-102 2
Wright-Patterson AFB, Ohio F-86D 1 F-86D 1 F-102 2
Niagara Falls AFB, N.Y. F-86D 2 F-102 2 r-102 2
Selfridge AFB, Mich. F-86D 2 F-86D 2 F-102 2
Oscoda AFB, Mich. F-89D 2 P-102 2 F-102 2
Baer AFB, Ind. F-89D 2 F-89D 2 F-102 2
Kinross AFB, Mich. F-86D 2 F~86D 2 F-102 2
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1956 ) 1958 1960
Name of Base Type No. Type No. Type No.
OtHare-Chicago Intl Apt,I11. F-86D 2 F-86D 2 F-102 2
Truax AFB, Wisc. F~89D 2 F-102 2 F-102 2
Burlington Mun. Apt, Iowa F-86D 1 F-86D 1 F-102 2
Scott AFB, Ill. F-89D 1 F-102 1l F-102 1
Houma AFB, La. F-86D 1 F-86D 1 F.102 1
Barksdale AFB, La. F-86D 1l F-86D 1 F-102R 1
Grandview AFB, Mo, F-89D 1 F-89D 1 F-102 1
Minn-St. Paul Intl Apt,Minn. F-89D 2 F-89D 2 F-102 )
Duluth Mun. Apt., Minn. F-86D 1 F-86D 1 F.102 1
Ellsworth AFB, S.D. F-86D 1 F-102 1l F-102R 1
Offutt AFB, Neb. F86D 1l F-86D 1 F-102 1
Wichita Apt, Kas. F-86D 1 F-86D 1 F-102R 1
Tinker AFB, Okla. F-89D 1 F-89D 1 F-102 1
Bergstrom AFB, Tex. F-86D 1 F-102 1 F-102 1
Walker AFB, N. Mex. F-86D 1 F-86D 1 F-102 1
Davis-Monthan AFB, Ariz. F-86D ‘1 P-86D 1 F-102R 1
Great Falls AFB, Mont, F-86D 1 F-86D 1 F~102 1
Larson AFB, Wash. F-86D 1 F-89D 1 F-102R 1
McChord AFB, Wash. F-89D 1 F-102 1 F-102 1
Portland Intl. Apt, Ore, -F—86D 1 F-86D 1 - 0
Hamilton AFB, Calif. F-86D 1 F-86D 1 F-102 1
Castle AFB, Calif. F-89D 1 F-89D 1 F-102R 1
George AFB, Calif. F-86D 1 F-102 1 F-102 1
Long Beach, Calif, F-86D 1l F-86D 1 F.102 1
Robins AFB, Ga. - 0 - 0  F-l102 1
Kellogg, Mich. - 0 - 0 F-102 1

* Interceptor squadrons designated F-102 were partially equipped with atomic
warheads. The F-102R squadrons were totally equipped with 2 in. FFAR's.
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Table VIII

ASSUMED LOCAL DEFENSE DEFL.OYMENT FOR 1956, 1958, 1960

{NUMBER OF BATTALIONS AT EACH SITE)

Site

1956
Nike

Nike

1958
Telos Talos
CW W

FB'
o
la)

Talos

Talos

Boston,Mass.

New York City,NM.Y.
Philadelphia,Pa.
Washington,D.C.
Baltimore,Md.

w

W

Norfolk,Va.
Niagara Falls,N.Y.
Pittsburgh,Pa.
Cleveland,Chio
Detroit,Mich.

oW NN NN B

N W N HIN W N

MNNNHNNN%W%

Sault Locks,Mich.
Chicago,I1l.~Gary,Ind.
Milwaukee,Wis.
St.Louis, Mo,

Houston,Tex.

Los Angeles,Calif.
San Francisco,Calif,
Hanford,Wash.
Seattle,Wash.

SAC Bases

WM NN
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1956: In the 1956 analysis the system did not include any area defense
missiles. The area weapons consisted of F-86D's armed with 24 2.75-inch
Folding Fin Aerial Rockets (FFAR) each, and F-89D's armed with 108 2.75-inch
FFAR each.* These interceptors were assumed to have the programmed con-
figurations and power plants, and to be equipped with the programmed radars
and fire-control systems.

The local-defense miesiles used in the 1956 analyeis were Nike missiles,
of the early or Nike-I type. This missile uses command guidance and has two
tracking radars, one acquisition rader, and one large computer per battery.
It bhas a maximum effective range of 25 nautical miles and an altitude ceiling
of 60,000 feet, and carries & 300-pound fragmenting warhead. Only one missile
per battery can be in the air at any ome time. A low-altitude limitation of
15 mils above the horizon was assumed for the tracking radars. In order to
obtain some capability at low altitudes, it was assumed that the radars
could guide missiles launched elther from immediately adjacent areas or
areas offset 4 to 6 miles, in which case the missile guidance dead zone
would not cancel the zone of best radar performance.

These various weapons were not deployed in the same manner as that
scheduled by ADC. A new deployment was worked out on the basis of attempting
to balance the weapon strength in each area against considerations of the
target values in the area and the warning and battle times available for
the weapons. For example, more weapons were located in areas contalning

nore target value, roughly in proportion to the wvalue of theltargeta.

.
The Canadian CP-100 was considered to be exactly equivalent in over-all
performance to the F-89D, so was treated as if it were the latter.
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Since interceptors were assumed tc have a fairly slow rate of becoming
available after warning (see Coapter II), they were deployed more heavily
in areas where warning time would be short. Local-defense misslles were
placed at targets having high value and little warning time and at singu-
larly high-valued targets in other areas. An attempt was also made to
leave no arem of the couniry completely unprotected against a high-altitude
attack. OSoms areas had to be left completely unprotected against low=
altitude attacks becauss of the lack of adequate low-altitude radar
coverage.

1958: For the 1958 analysis, the weapons system included F-86D's,
F-89D'e, F-102's, F-99A's, Nike missiles, Talos CW battalions, and Talos W
battalions. The armament for the F-86D's was 48 2-inch FFAR* each; the
F-89D's were assumed to carry 216 2-inch FFAR each. Large rockets with

(10)(11) were assumed available in limited quantities for

atomic warheads
use with the F-102's. These rockets were distributed evenly among the
F-102 squadrons, and the first fifteen alrcraft scrambled from each squad-
ron were considered to be armed with two atomic warhead rockets apiesce.
Each additional interceptor whilch bscame available in these squadrons was
assumed {0 be armed with substitutable racks containing 216 2-inch FFAR.
The F-102 interceptors were also assumed to have airborne intercept (AI)
radara equipped with an early form of AMTI, in addition to the rest of

their progremmed fire-control gystem.

»
The size of thias rocket was not actually specified. Rather it was
assumed to be a rocket of roughly the same effectiveness as the 2.75-inch

FFAR and of such a size that twice the mumber of them could be carried.



RM~1166
1-5-54
42

The F-994 was taken to be the first edition of the Bomarc missile;
it would have a maximum range of 125 miles, a maximum altitude of 60,000
feet, and would carry & 300-pound fragmenting warhead. This missile would
be guided by the regular Lineoln radar survelllance and control network in
its mid-course phase, and would have an active radar seeker for homing on
its target. The radsr seeker was not assumed to have AMII,

The Nike mlssiles and their ground networks were assumed to be the
same as in 1956, For the Talos battaliona which were added to the system,
it was postulated that both missiles and ground guidance units would be
in short supply. It wag therefore assumed that in order to defend a
number of targets only "single simplex" batterles, which could subsequently
be modified, would have been formed. These were assumed to consist of
only one guidance unit per battery and to fire only one missile per salvo.

Both Talos CW and Talos W missiles were assumed to have a range
capability of 50 nautical miles and an altitude ceiling of 50,000 feet.
For the CW version a programed beam-rider type of mid-course guidance,

a semi-active homing system with a CW radar illuminator, and a 440-pound
expanding-rod warhead were assumed. A programmed beam-rider type of mid-
course guidance and & command fuse with no additional terminal guidance
were envisioned for the Talos W, which was asaigned a 5-KT atomlic warhead.

The same deployment of interceptors was assumed for the 1958 strikes
ag for the 1956 strikes except for the conversion of some sguadrons to
F-102's, as listed in Table VII. The sctual deployment is depicted geo-
graphically in Fig. 7, along with the deployment of the local-defense
weapons and the Bomarcs. The locations of the local defenses are listed
in Table VIIl.
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1960: The analysis for 1960 assumed that all interceptor squadrons
were converted to F-102's, which were now conslidered to be equipped with
a much improved AMTI. The aircraft of ten of these squadrons were armed
with 216 2~inch rockets each, of the type assumed for 1958, while the
other 51 squadrons were assigned enough atomic warhead rockets to put
two in each of the first fifteen aircraft scrambled. These 15 planes
also carried 108 2-iqch rockets apiece, and any additional interceptors
scrambled from these 51 squadrons were armed with 216 2-inch rockets each.

Three different types of Bomarc missiles were assumed to be in opera-
tion in 1960: the F-99A, the F-99B, and the F-99C. The F-99A was con-
sidered to be the first model of Bomarc, which is currently under develop-
ment. The F-99B was considered to be a longer range (250 niles) missile
having the same guldance system as the F-99A and an atomic warhead. The
F-99C was also considered to be a long-range missile, but with a pulse-
doppler seeler to give it low-altitude capability and an HE warhead. The
Talos W and Talos CW missiles were considered to be of the same type as
in 1958, but the batteries were assumed to be of the "dual simplex" type,
having two guidance units per battery. In the case of Talos CW, two
missiles were assumed te be fired in each salvo.

Deployment of the interceptor forces for this year is listed in Table
VYII also, there being only slight change from the previous deployments.
Table VIII gives the locations of the local-defense missiles, and Fig. &

shows the geographic deployment of all of the defense weapons used.

Ihe Double Defense Svstem
Some of the 1958 attacks were analyzed in an attempt to find out what

gain in actual protection could be obtailned by increasing the defense
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budget. It was felt that the most immediate gain and the greatest increase
of protection per dollar spent could be realized by a general increase in
the numbers of defense weapons and the facilities for their contrcl. An
examination was therefore made of the effect of an incremsed budget in
1958 by doubling the number of interceptors of each type, the number of
local-defense missiles, the number of area-defense missiles, and the
nuzber of contrcl channels available for use with these weapons.’ Par-
ticular modes of spending more momney for alr defense are of interest; for
exanple, a large increase of just the number of directors available at
the GCI stations. However, only the double defense system described here
was studied.

There were two notable exceptions to this doubling, however. One of
these was in the atomic warhead rockets for interceptor armament, and the
other was in the interceptor control capacity in the AEW and C aircraft.

It was felt that the number of atomic warheads for alr defense was already
gquite high under the basic proposal, and the feasibility of obtaining twice
that number was seriously questioned. It was therefore declded tmt each of
the additionel F-102's should be armed only with 216 2«inch rockets. In the
case of the AEW and C program, the opinion was that these aircraft were
carrying about all of the load in personnel and equipment that they could.
The only way to increase the control capacity was to put new equipment into
the aircraft or to put more airplanes on station. The first of these would

require a new development, which would be very desirable but would in all

*
It should be noted that this does not correspond to a double defense
budget, but something substantially less than that.
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probability not be ready by 1958. The second method was rejected because
of the expense involved, the overloading of production capabilities re~
quired, and the operational questions about using many such stations in
a scall area. Consequently the over-ccean control capacity was left the
seme as for the basic case.
The radar coverage at both high and low altitudes was unchanged from
the original cases done for 1958, as was the data handling function. A
new deployment did have to be worked out for the weapons agasinst the back-
ground of unchanged target systems and radar coverage. This was done in
the same manner as previously, and resulted in the deployments of inter-
ceptors given in Table IX and local defenses listed in Tuble X. Both of

these are shown geographically in Fig. 9.

STATE OF WARNING

For all of the strikes analyzed, a general state of world tension was
agseumed to exist so that the defense system was more or less on guerd and
fully manned against a possible attack. Intelligence warning was presumed
to exist of a Soviet build-up, but no specific intelligence indication of
the strike was supposed. Thus no condition of previocus alert existed at
the time of the initial detection of any attack, but rather s condition
of readiness was postulated which it was felt could be continmuously main-
tained by the defensive forces.

Knowledge of the specific targets of a strike was not gssumed, nor
even of the general classes or types of targets being attacked. It was
assumed, lowever, that the defenses had some vague ides of the ﬁossibla
maximun weight of an all-out effort against the U.S. ZI, and of the

possible types of bomb carriers to expect and their approximate performances.
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Table

IX

DOUBLE DEFENSE INTERCEPTOR DEPLOYMENT FOR 1958

Type of

Name of Base Interceptor®
Presque Isle AFB, Me, F-86D
Otis AFB, Mass. F-86D
Hanscom AFB, Mass. F-102
Westover AFB, Mass F-89D
Suffolk Co. Apt., N.Y. F~86D
Mitchell AFB, N.Y. F-102
Griffiss AFB, N.Y. F.89D
McGuire AFB, N.J. F-86D
New Castle AFB, Del. F-89D
Olmsted AFB, Pa. F-86D
Dover AFB, Del. F.102

F-102R
MCAS Quantico, Va. F-102

F-102R
Pope AFB, N.C. F-86D
MacDill AFB, Fla. F-86D
McGhee-Tyson AFB, Tenn. F-102

F-102R
Greater Pittsburgh Apt, Pa. F-89D
Youngstown Apt., Ohio F-102 '
Wright-Patterson AFB, Ohio F-86D
Niagara Falls AFB, N.Y. F-102
Selfridge AFB, Mich. F-86D
Oscoda AFB, Mich. F-102
Baer AFB, Ind. F-89D

Number of

Squadrons
1

1

-

o

NN

N



Table IX
Name of Base
Kinross AFB, Mich.
OtHare-Chicago Intl. s L.

Truax AFB, Wis.
Burlington Mun, Apt., Iowa

Scott AFB, Iil.

Houman AFB, La.

Barksdale AFB, La.

Grandview AFB, Mo.

Minn.-St. Paul Intl. Apt., Minn,
Duluth Mun. Apt., Minn,
Ellsworth AFB, S. D,

Offutt AFB, Neb,

wichita Apt., Kas,

Tinker AFB, Okla.

Bergstrom AFB, Tex.

Walker AFB, N. Mex.
Davis-Monthan AFB, Ariz.
Great Falls AFB, Mont.
Larson AFE, Wash.

McChord AFB, Wash.

Portland Intl. Apt., Ore.
Hamilton AFB, Calif.
Castle AFB, Calif,

George AFB, Calif

(Continue

Type
Inter

F-86D
F-86D
F-102
F-86D

F.102
F+102R

F-26D
F-86D
F-89D
F=8%4
F-86D
F-102
F-86D
F-86D
F-89D

F-102
F-102R

F-86D
F-86D
F-86D
F-89D

F-102
F-102R

F-86D
F-86D
F-89D

F-102
F-102R

rs
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Number of
Squadrons

2
2

NN N RN

N N

S
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Table IX  (Continued)

Type of
Name of Base Interceptor#*
Long Beach, Calif. F-86D
Burlington Apt., Vt. F~86D
Grenier AFB, N.H. F-102R
Brainard, Conn. F~102R
Stewart AFB, N.Y. F.86D
Bolling AFB, Wash. D.C. F-89D
Longley AFB, Va. F~-B9D
Port Erie, Pa. F-102R
Traverse City, Mich. F-102K
General Mitchell, Wis. F-102R
Kellozg, Mich. F-102R
Chanute AFB, Ili, F-86D
Freeman, Ind. F-89D
Chatham AFB, Ga. F-86D
Birmingham, Ala. F-86D
Adams, Ark. F-86D
Ellington AFB, Tex. F-86D
Moissant Intl. Apt, La. F-86D
Victoria AFB, Kas. F-84D
Watertown, N.C. F-89D
Biggs AFB, Tex. F-89D
Oxnard, Calif. F-86D
Paine AFB, Wash, F-86D
Houchton Co. Apt., Wisc. F-86D

Number of
Sguadrons

2

2

I

1

* Interceptor squadrons designated F-102 were partially equipped with

atomic warheads.

FFAR's.

The F-102R squadrons were totally equipped with 2-in.



Table X

DOUBLE LOCAL DEFENSE DEPLUYMENT ASSUMED FOR 1958
(NUMBER OF BATTALICNS AT EACH SITE)

Talos Talos

Nike _CW w
Boston,Mass. 6 1
New York,N.Y. 8 1 1
Philadelphia,Pa. 8 1
lashington,D.C. 6 1 1
Baltimore,Md. 4
Norfolk,Va. 2 2
Niagara Falls,N.Y. 3
Pittsburgh,Pa. 6
Cleveland,Ohio 4 1l
Cincinnati,Chio 2
Detroit,Mich. 4 1
Sault Locks,Mich, 2
Chicago,I1l.-Gary,Ind. 7 1 1l
Milwaukee,Wis. 2
Minneapolis-St.Paul,Minn.] 2
St.Louis,Mo. 2
Houston, Tex. 2
Los Angeles,Calif. 2 2
San Franecisco,Calif. 2 2
Hanford,Wash. 2
Seattle,Wash. 2 1
SAC Bases 9
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SCALE — NAUTICAL MILES
o w0 30 a0

® Fighter base

First number is the number of interceptor

squodrons aif each base

Second number is the aircraft type i
6=F-86D, 9=F-890D,2=F-102,2R=F-102R,CF=CF-100 \“\\\j

o Local defense weapon location
First symbol is the number of battalions

Second symbol is the weapon lype
= Ni =Talos CW, W=Talos W .
N=Nike, CW=Talos CW, ] Flg.9-—- 1958

Double defense deployment of weapons

76~9=1
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CHAPTER II

EFFRCTIVENESS OF DEFENSE SYSTEM COMPONENTS

This chapter presents the estimates of effectiveness which were used
in this study for each of the components of the defense systems. Most of
these estimates were derived from theoretical reasoning based on experi-
mental data which varied from meager to extensive. There may be, there-
fore, a wlde diversity in the solidity of the foundations upon which these
figures are built. In all cases the latest available data were used, ard
an attempt was made, wherever posgsible, to check the resulting effective-
ness estimates against evidence obtained in field use.

Since this memorandum deals with the three time periods of 1956, 1958,
and 1960, each of the secticns of this chapter is divided into parts dis-
cussing the estimates used for each of these pefiods. Although this
manner of pressentation may require some thumbing of pages in order to
piece together all of the numbers for one year, it has been used to avoid
needless repetition of the many assumptions which remain unchanged.from
one period to the next. Tables XI through XV summarize for easy reference

the more important numbers used in the analyses.

THE SENSING SYSTEM

) Ajrcraft-- & g 60
The succinct way to describe the coverage of a radar network versus
a particular airecraft is to present contours of equal cumulative probability
of detection. The cumulative probability of detection for a single radar
versus & single aircraft is a function of radar type, bomber type, bomber

altitude, bomber speed, and bomber track relative to the radzar, as well as
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other factors. The radar network precblem is even more ccmplex, because
of the existence of muitiple targets and the overlap in radsr coverage.
The latter two problems have not been considered in this study. All
detection lines refer to the cover of a single radar versus & gingle
aircraft. Consequently, all such lines represent detection ranges less
thaen those which would have been achieved by a network against multiple
targets.

Previous work at RAND has shown that at high altitude the range of
Q.5 curulative probability & detection occurs at roughly the same range
as the 0.1 blip/scan ratio. The latter is a relatively simple point to
estimate, and has been used throughout this analysis as the point of C.5
cumulative probability of detection at high altitude. The high-altitude
detection contours of Figs. 3, 4, and 5 are thus loci of 0.1 blip/scan
points on single bembers of the considered types for single radars of
the defense system.*

At extiremely low aliltude the relationship stated above does not
exist between the 0.1 blip/scan ratic and 0.5 cumelative probability of
detection. The low-altitude detection contours of Figs. 3, 4, and §
are radar line-ofw-gight ranges from single radars to single bombers
flying at altitudes of 200 feet over the land or 50 feet over water.

The average height above terrain of the ground-based antennas was taken

as 100 feet for these computations, except for the sets looking over the

*

These points were taken from RM~1077,(7) where 0.1 and 0.5 blip/scan
vertical beam patterns are presented for many radars of interest in present
and future air defense environments.
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ocean, where actual heights were used wherever available. The AEW air-
craft were regarded as flying at 3000 feet. In ell of the ground radar
caces the 0.5 blip/scan ratio was found to be exceeded at the horizon
wher. the bomber was at low altitude. For the AEW planes the line-of-
sight range at low altitude corresponded to a blip/scan ratio of 0.1
to 0.5, deperding upon the bomber type. Because of the high blip/scac
ratio obtaining at the horizon, the range of 0.5 cumulative probability
of detecticn should correspond closely to thet of the line-of-sighti.
Low~altiitude detection ranges could be extended considerably beyond the
line of sight by the phenomenon of ducting, particularly over water.
Each bomber stream was considered to be detected when its leading

edge crossed the appropriate detection contour as defined above. The
#cGill line, as stated in Chapter I, was assumed to detect aircraft at

all altitudes and give a rough count and rough velocity vector.

Identjification of Reids--(1956, 1958, 1960)

The Soviets were presumed to send single bombers to a target only
if there was practically no chance of attrition on that bomber, either
because of lack of adequatg radar cover or lack of defensive weapons.
For these single-plane attacks, therefore, identification was important
only from the viewpoint of alerting the defense network. All penstrations
by these single aireraft, havever, were treated ss being simultaneous with
the first detection of a mass raid against some other portion of the nation.
For these reasons the ldentification of single attackers lost its impor-
tance, and its probébility was not evaluated for the analysis.

All targets where defensive action was possible were assumed to be

attacked by a number of bombers sufficient to saturate the dsfenses and
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insure that some bombers survived to bomb-release line. This supposition
led to large numbers of bombers in most streams. A raid on a section of
the target system consisted of ons to four streams followlng roughly par-
allel tracks into that section. The probability of proper identification
by contiguous cover radars of all such raids was taken as unity, with a
two-minute period following detection allowed for the identification pro-
cedure. Identification at the MeGill line was pletured as cccurring by
statistical raid recognition oniy. Becauge of the large numbers of bombers
involved across the nation, the probability of correct assessment here wus
also assumed to be unity. The same delay of two minutes between detection

and identification was applied.

Time from Detection to System Alert--(1956, 1958)
Upon the completion of identification, the informatlon was imagined

to be relayed by "hot line" volice and teletype links throughout the system.
A delay of three minutes was postulated for notice of an alert ic be éircu—
lated within an Air Division snd the remainder of the defense system, making
a total of five minutes from detection to the alert condition.

Another delay was regarded as existing in the system for data which had
to be passed between Canadian and U.S. forces. Here the existence of "hot
lines" at the lower echelons was not assumed, meaning that information had
to be passed up and down the chains of command before the alert became
effective. Fifteen minutes were presumed to be taken by this conveyance

of the alert status.

Time from Detection to System Alert--(1960)

By this time period, the tie-in of the Canadian and U.S. defenses was

consldered to be complete, and the last delay mentioned above was dropped.
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The time between detection and the alert of the complete U.S.~Cunadian system

was then teken as five minutes.

Tracking Capability--{1956, 1958, 1960)

Non-Lincoln: An aircraft was said to be tracked by a given ADDC (or -
group of ADDC's) if a director could be assigned to vector an interceptor
to that aircraft. The trucking capability was defined as the fraction of
ald enemy aircraft within the total surveillance area of the concerned
direction centers (DC's) which could be tracked during & ten-minute period.
This fraction, called a, was assumed to be a function of the number of
enemy‘aircraft within the area and independent of the size of the area
or nutber of DC's within the area. The function was approximated by a
step function which is shown in Fig. 10. The tracked or untracked condi=-
tion of & specific bomber was assumed to be independent between ten minute
periods.

Lincoln: An aircraft was said to be tracked in & sector equipped
with the Lincoln Transition System 1f the computer could assign and vector
a fighter to that aircraft. The tracking capability was defined as above
except that "the sector" replaces "the total surveillance area of the DC."
The fraction took on only two wvalues in this case: 0.95 for the first

ten-minute period within the Lincoln sector and 0.98 thereafter.

Control Gapability--(1956)
Three modes of controlling or directing interceptors were presumed
available to the defense network: close control, broadcast control, and

& variation of the letter referred to herein as uniform broadeast control.

An ADDG could presumably use all three simultansously--although a given



a,Fraction of 8 which can be tracked
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director could use only one in any ten-minute period--or the best mixture
of the three. The vectoring accuracy was defined as the standard deviation
of the displacement of an interceptor normsl to the attenmpted relative axis
of approach to the bomber after the interceptor has been released by the GCI
directsr and has begun its Al radar search (see "Probability of Detection
and Conversion ...," page 76). The standard deviation was presumed to be
constant throughout the Al radar search phase following release by the GCI
director. The sensing system was assumed capable of discerning all bomber
track changes. However, three minutezs were allowed to pass before the course
change could influence the vectors given an interceptor group.

Cilose control is defined as that mode of operation wherein a director
has jurisdiction over a partisular interceptor element and tries to vector
it to a point where it can make visual or radar contact with a particular
bomber &nd will be in & favorable position for making a firing pass.

Bach director was congidered capable of close-controlling two closures

of interceptor elements on bombers in each ten-minute period. Each inter-
ceptor element involved could consist of from one to four F-86D's or one
or two F-89D's. Since only low-altitude bombers were used, each closure
was made from off the tail of the bomber, with a 50-knot closing speed.
The vectoring accuracy was taken as 6000 feet. The senior director was

k-]
assumed capable of spreading the close-control capacity uniformly over

*

When the number of interceptor elements being close~conirolled was less
than the number of bombers being tracked, they were assigned one element
per bomber untll the elements were all assigned. When the mumber of such
elements exceeded the number of bombers being tracked, each bomber was
assumed to have assigned to it a number of elsments egual to the total
number of such elements divided by the total number of tracked bombers.
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the bombers being tracked in each "battle™ or ten-minute interval. For
these minimum altitude attacks, very liitle overlap of radar cover‘yould
exist between ADDC's. When more than one ADDC oould vector interceptors

10 a single bomber siream during one battle, each was piectured as vectoring
to a different portion of that stream, and the uniform assignment of inter-
ceptors to bombers was still assurmed.

Broadeagt gontrol is defined as that mode of control wherein a director
broadcasts for use by a mumber of interceptor elements the coordinates and
velocity vector of points of a bomber stream, whereupon each element navi-
gates itself Into the stream and searches through it attempting to make
visual or radar contact with any single bomber upon which it can make a
firing pass. Each director was considered capable of broadcasting the
bomber data of one stream continuously, but was thereby excluded from
perforning any other control duties. Only one director was presumed
necessary to perform the broadeast control function at any one time for
any one bomber gtream. All bomber streams were assumed to be large enough
so that the interceptor navigation accuracy was sufficient to allow sall
elements on broadcast control to get into the bomber stream.

Uniform broadcagt control is defined as that mode of operation whereln
& director broadcasts the coordinates and velocity vector of a single bomber,
and any number of interceptor elements can try to bavigate themselwves irnto
a favorable positlion for making visual or radar contact with the bomber and
completing a firing pass on it. Each director was allowed the capability
to broadcast continuously the data for six individual bombers, but could
not perform any other control duties. The senior director was supposed
capable of spreading the uniform-broadcast-control capacity uniformly across

the bombers being tracked (i.e., ome unit of such control per bomber until
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either control capacity or number of tracked bombers was exhausted), but
the interceptor elements on uniform broadcast control were spread randomly
over the bombera whose positions were being thus broadcast (i.e., each such
bomber was given equal probability of being chosen to be attacked by each
such interceptor). The accuracy with which interceptors employing uniform
broadcast control positioned themselves with regard to a bomber was defined
as for close control. Because of the absence of landmarks and navligational
aids at low altitude over the ocean, the accuracy there was assumed tc be
less than that over land. The accuracy over the ocean was assumed to be
five nautical miles and the accuracy over land three nautical miles, as
will be discussed in the section on interceptors. Uniform broadcast control
was employed versus & given stream only when the bombers numbered less than
10 for a stream approaching from the ocean, and less than 15 for an over-

land approach.

Cogt ¢ 113ty

Non=Lincoln: In those sectors not equipped with the Lincoln Transition
System the control capabilities for sll three modes were assumed to be the
same in 1958 as in 1956 except for the number of close-controlled closures
each director could handle. The addition of the intercept computer AN/GPA-23
was consldered to so facllitate the close-control function that each director
could maintain the same vectoring accuracy’ vhile completing the vectoring of

three closures every ten mimtes.

*
It should be noted that the wectoring accuracy for an interceptor making
& 180° approach to a bomber at low altitude was thought to be limited more
by the quality of the radar data than by the computer aids available to the
director.
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Lincoln: In sectors eguipped with the Lincoln Transition System, the
control capacity would be a function of the number of radar returns which
the computer would have to correlate per unit time. An average fig;re of
200 interceptor closures per sector per battle was used for the vectoring
capacity, or alternately 100 intercepter closures and 100 Bomare missile
closures per sector per battle. The system was also considered capable
of performing the broadcast control function for each stream of bombers
over the secicr, btut this function was never called upon. The vectoring
accuracy was still assumed to be 6000 feet.

AEW and C: It was assumed that AEW and C aircreft flying immediately
off the coast of a sector in which the Lincoln system was in operation
would be tied into that system with sutomstic data-transmission linke.

The boundary of this sector was therefore extended cut to 150 miles off-
shore, and the fact that the overwater portion came from AEW and C stations
was neglected. All other AEW and C aircraft were given the same capa-~

bilities as they had been given for 1956.

Contro b == (1960

Lincoln-equipped sectors, non-Lincoln-equipped sectors, and AEW and C
aircraft were all treated the same in the 1960 analysis as for the 1958
except that the vectoring accuracy in the sectors with the Transition

Systex equipment was taken to be 3000 feet.

Weapon Comrjtment Policy-=(1956 0

Two tenets defined the basic commitment philosophy employed. First,
the weapon assignments should be divided, on the basis of kill potential,
as uniformly as pos sible among all bombers. Second, all weapons should be

dispatched to a raid as soon as they were available and the bombers were
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close enough. These two policles had to be pursued within the following set
of restricticns, designed to reflect as much realism as possible. (All
commitment decisions were bused on the premises that the defense was not
aware of bomber course changes until they occurred, and that the defense
had no knowledge of the specific aiming points to be attacked.)
1. No weapons were dispatched until the bombers were within
contiguous radar cover.
2. Whern a raid was approaching, interceptors from a particular
buse were not dispatched until it appeared that they would
have enough fuel upon reaching the bombers to make a mumber
of passes equal to or greater than the number for which they
were armed. In order to make this estimate the defenses
presumed that the bombers would not change course after
interceptors were écrambled. (The number of passes for
which the interceptors were armed 1s specified in the section
on interceptors.)
3. Interceptors were not allowed to combat bombers in an area
where local-defense missiles were effe ctive.‘ This sometimes
meant loss of passes because interceptors reached & bomber
stream too shortly before it penetrated a local-defense area.
4. When an early and a delayed scramble of an interceptor would
have resulted in the same number of passes, the early scramble

was preferred.

*
Note in a later section that in the 1956 analysis the Nike missiles
were considered ineffective at the altitudes of the attacks.
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5. In the 1956 and 1958 analyses the scramble time of all inter-
ceptors committed against bombers in & sector other than that
in vhich they were based was delayed five minutes after the
interceptar s became available. This deley was for the processing
of orders and inter-sector communications. In the 1960 analysis
the gystem Integration was assumed sufficlient to warrant deletion
of this delay.

6. In the 1956 and 195€ analyses only half of the available inter-
ceptors based within 200 miles of the edge of contiguous low-
altitude cover and in an unattacked sector could be scrambled
against bombers in a&n adjacent sector. In a secter under attack,
the interceptors could be used as demanded to fulfill]l the basic
commitment policy (i.e., uniform distribution across the bomber
force). This restriction was designed to reflect the natural
reluctance of a sector commander to release all his interceptcars
to other sectors. In the 1960 analysis this restriction was not
imposed.

7. When control capacity was exceeded in the 1958 and 1960 analyses,
F-102's were delayed until they could be close~-controlled.

8. In the 195¢ analysis a director was not utilized for broadcast
contro)l of F=B9D's in the air battle against a given stream
until fifteen F-89D's were available, provided that the director
could have been utilized by the F-102 force. However, once
broadcast control had been initiated against a given stream,
it was employed in all subsequent battles againet that eiream.

This restriction sometimes led to the delayed scrambling of F-89D's.



RM~1166
1-5-54
63

9. F-86D's were never ecrambled for broadcast control. This led
to many F-86D's baing delayed until control channels became
available.
Many of these restrictions are discussed more fully in the chapter on strike
techniques.
It was assumed that both United States and fanadian commanders pursued
the above commitment policles independently. It was also assumed that
either nation's interceptors could fly over the other's territery and

would be contrclled by the other's ground network when sc doing.

INTERCEPTORS

Av bility-~{1956 g 60

Interceptors of both the United States and Canada were presumed to
be brought tc¢ a runway alert status, following the receipt of the red
alert information, as quickly as tralning and maintenance requirements
would allow. Curves were drawn showing the average percentage of the
various types of squadrons available for scramble as a function of time
from the initial alert. The curves were based on present ADC doctrine and
on a atate of squadron readiness assumed to be achievable on a continuous
operating basis for the years of this study. A slightly different curve
wag used for F-10Z's than for the other interceptors, because of the
higher degree of complexity and the reéulting difficulty of maintaining
this aircraft. These curves were both approximated by step functions,
which allowed the interceptors to be treated as becoming available in
small groups at finlite time intervals.

The postulated availability curves are shown in Fig. 11. Table XI

indicates the availability functions actuslly used in the analyses.
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Table XI

INTERCEPTOR AVAILABILITY ASSUMPTIONS

Time After Additional Interceptors Beccming
Initial available for Scramble
Detectiont F-g6's and F-89's F-102's
5 min. 4 4
25 min. L A
50 min. 4 4
1 hr., 30 min. L 3
2 hrs. 2 2
3 hrs. 1 1

lIf initial detection comes through international
channels an additional 15 minutes should be added to
these times.
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Interceptor Climb and Combat Radius Performance--(1956, 1958)

Against the low-altitude attacks of 1956 and 1958, the interceptors

were assumed to have two available procedures for flying to the battle area
and doing combat with the bombers. These were:
1. Take off and eclimb at military power
Cruise out at optimum altitude and optimum power setting for
attaining maximum radius
Combat at military pover*
Cruise home at optimum altitude and optimmum power**
2. Take off and climb at military power
Cruise out at 5000 feet altitude and military power
Combat at military power?
Cruise home at optimum altitude and optimum power*!
Mode (1) was normally used on all missions. It had the advantages of
allowing the maximum radius of action and the maximum combat time for a
given radius of action. Mode (2) was used only when time was of the
essence in intercepting bombers before bomb release line, and when the
range penalty Ilncurred did not prevent interception.
Table XII lists the actual performance figures used for each inter-
ceptor for each of these modes of operation. These figures are from data

~of early 1953, and are representative for the lcads which were assumed to

be carried by these interceptors. From the data in this table, the time

*
As will be seen below, this may be a conservetive assumption for

calculating maximum radius, but it was felt that it would be well to

be conservative on this point rather than to overextend the range.

=
In all cases the lnterceptor was required to return to its home base.



ASSUMED INTERCEPTOR PERFORMANCES

Table XII

| Interceptor F-86D F-89D F-102 and F-102R
Combat Altitude low low low 50,000 feet
Climb Power Mil, Mil. | Mil. Mil. | Mil. M, | M4, AB
Cruise Out Altitude (ft.) Opte 5000 | Opt. 5000 | Opt. 5000 | Opt. 45,000
Cruise Out Power Opte Mil. | Opt. Mil. | Opt. Mil, | Opt. AB
Cruise Out Speed (kn.) 476 570 | 423 530 | 518 635 518 1035
Combat Power Mil. Mil, | Mil., Mid. | Mil. Mil. | Part AB Part AB
Combat Speed (kn.) 574 574 530 530 635 635 690 690
Time, T.O. and Accel. to Climb (min.) 1.0 1.0 (1.0 1.0 | 1.0 1.0 | 1.0 1.0
Time, Climb to Cruise Alt. (min.) 18,6 1.0 | 26,0 1.3 | 8.0 0.6 | 8.0 2.2
Distance, Climb to Cruise Alt. (n mi) 122 5 150 10 70 5 70 18
Time, Accelerate to Cruise Speed (min.) - - - - - - - 4e2
Distance, Accel. to Cruise Speed (n mi) - - - - - - - 54,
Time, Climb to Combat Alt. (min.) - - - - - - 0.4 0.4
Time, Accel. to Combat Speed (min.) - = - - - - 2.5 -

CR, (n mi) 421 198 | 482 297 | 646 245 | 628 22

k (n mi/min.) 194 7.6 | 14l T3 | 25.9 8.6 | 19.0 5.6

L9

Yg=9-1

99T
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required tc reach any given radius on each mode can be ascertained. The

maximum combat radius for each condition can be found from the formala:

Ch = CRO - ktc

where
CR = combat radius for combat time tc’
Cr, = combat radius for zero combat time,
k = nautical miles of combat radius lost per minute of combat
time at the specified conditicens,
t., = combat time ip minutes.

c

The combat radii for zero combat time presented and hence all combat radii
derived from Table XII include the following range-free allowances:
1. Twe minutes' operation at normal rated power at sea level for
starting engines and taxi
2. One mimite at maximum power for take-off and acceleration to
climbing speed
3. Acceleration and climb from cruise speed and altitude tc combat
speed and altitude with maximum power
4+ Reserve of 15 minutes at cruise altitude at the speed for maximum
endurance plus 5 percent of initial fuel
The maximum combat times allowed for each interceptor in each year
studied are outlined in the following sections. In practice, the actual
amount of combat time available to the interceptor upon reaching the bomber
stream was found for each interceptor scrambled and reduced to: ({a) the
maximm combat time allowed if the time available was greater than that
time; (b) the next least multiple of five minutes of combat time if less

than the maximum allowed; or (c) the multiple of five minutes nearest to
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the time measured from the moment the interceptor reached the bomber streem
until the stream reached the edge of the locel defense radius of action, 1f
that time were less than (&) or {b). Thus, for the F-86D, which was always

allowed only § minutes of combat time, operating on mode (1):

(:Ro = 42] nautical miles,
k = 19.4 nautical miles/minute,
tc = 5 minutes,

and

CR =421 - 19.4 x5 =421 - 97 = ?24 nautical miles.

Interceptor Climb and Combat Radiug Performance--(1960)

Since both high-altitude and low-altitude attacks were analyzed in the

1960 portion of this study, some additional deta were required. The low-
altitude modes of operation were the same as those for 1958. Against the
high-altitude Snerk-type missile attack, two procedures were also assumed
to be available to the interceptor, namely:
la. Take off and climb ai military power
Cruise out at optimum altitude and optimum power setting
for attaining maximum radius
Combat with part afterburner power (Mach 1.2)

G L 24
Cruise home at optimm altitude and power

.The psrt afterburner power setting was presumed to be required in order
to give the interceptor & speed margin over the Snark-type missile. This
would probably not be necessary with collision course attacks, but would
be in overtaking on a pursuit course.

5 :
In all cases the interceptor was required te return to its home base.
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2a. Take off and climb with afterburner
Cruise out at 45,000 feet and with afterburner (Mach 1.8)
*
Combat with part afterburner (Mach 1.2)
*5

Cruise home at optimum altitude and power

The maximur combat radius was determired in the same manner as outlined above

for 1956 and 1958, and all other remarks of that portion apply to this time

period. The performance figures used are again given in Table XII.

Eupl oyme —

F-86D: The attacks coneidered for 1956 were at low altitude in day-
light. For this condition it was assumed that F-86D interceptors could be
scranbled in elements of either two or feur aircraft each, at the will of
the senior director. Because of the problems invelved in one man's trying
to fly the interceptor and scan for bombers at the same time, and because
of very pocr radar performance at low altitude, it was assumed that all
F-86D's would have to be close controlled in order to have any probability
of finding a bomber. Only one pass was allowed for each of these aircraft,
since control channels were in short supply, and this pass was taken to
consume five minutes.

If an element split up in flight, only one part of the split was
plctured as completing the intercept, the other part being lost to the
controller and returning to base., When more than one interceptor arrived

at the interception point, all such arrivers were regarded as attacking the

L

The part afterburrer power setting was presumed to be required in order
to give the interceptor a speed margin over the Spark-type missile. This
would probably not be necessary with collision course attacks, but would
be in overtaking on a pursuit course.

* %
In all cases the interceptor was required to return to its home base.
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bomber simultaneously, any bomber return fire being split equally among
them.

The interceptors in an element were assumed to fly together by either
visual contact with one another or by having the Al radar of one locked
onto another. All passes (or closures on bombers) were postulated as
being made by pursuit courses from near the tail with visual firing. It
was further supposed that the interceptors were slowed to a closing speed
of 50 knots.. This tail epproach with low closing speed was used in order
to get some benefit out of the marginal performance at low altitude by
increasing the probability of detecting a bomber and allowing adequate
time for firing after a detection at very short range.

F-89D: These interceptors were assumed always to be employed in
elements of two aircraft each. Since the F-8®carries a radar observer,
it was pictured as having more versatility than the F-86D and therefore
capabls of belng used on any of the three modes of control. When scrambled
for close control, harever, only the first pass was considered to be close-
controlled, the others being made on broadcast control or uniform broad-
cast control. A total of three passes was allowed on this method of opera-
tion, five minutes being used for the close-controlled pass and ten minutes
for each of the two on broadcast control. When an element was placed on
broadcast or uniform broadcast control from the start, it was given only
two passes of ten minutes each.

If the aircraft in an element of F-89D's were to become separated while
under close control, it was imagined that only one of them ecould continue
that pass successfully. The other went directly into its last two, or
broadcast-controlled passes, which it made independently. The one which

compieted the close-controlled pass also made the second and third passes
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individually. If planes of an element on broadeast or uniform broadcast
control were to become separated, each was allowed to make both passes
independently. When the element arrived at the interception point iﬁtact,
the two interceptors were regarded as attacking the bomber simultansously,
any bomber return fire being split equally between them.

Because of the very short range of detection of the bomber by the
interceptor, all passes were presumed to be made by pursuit course from

the region of the tail with a closing speed of 50 knots and visual firing.

Employment, Tacticgw-(12§8)

F-86D: The F-86D's were employed in the 1958 analysis just as they
were in the 1956 analysis, with two small exceptions which were brought
on by the consideration of night rather than day attacks: +the Intercepitors
were used in elements of two only and fired by radar sighting from an over-
taking collision course.

F-89D: The F-89D's were treated the same as in the 1956 analysis
except for the employment of overtaking collision tactics.

F-102=* Because of the high effectiveness of these interceptors, they
were postulated always to be employed in&ividually. Furthermore, the combina-
tion of the lethality and cost of the atomic armament seemed to require that
these aircraft always be close controlled by the ground network in order

both to avold destroying other interceptors which might be attacking the

*

In this paper, the designations F-102 and F~102H, when used with refer-
ence to single interceptors, mean the F-102 interceptor armed respectively
with stomic warhead rockets and with "regular®” small rockets. When used
wvith reference to squadrons, they mean respectively those armed primsrily
with atomic warhead rockets and those armed entirely with amall rockeis.
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same bombers and to ilnsure that maximum use be made of this armament. bEach
of these interceptors was given two passes, both on close control, five
minutes being allowed for each pass.

Although the range of detection at low altitude was appreciably in-
creased for this airplane by the hypothetical addition of the early form
of AMTI, it was still insufficient to allow beam attacks. All attacks
were therefore presumed to be made from the region of the tail of the
bomber with & 50-knot overtaking speed and collision course.

F-lOZR:* This interceptor also had a very high effectiveness relative
to the F-86D and the F-89D. It was therefore used in single-plane elements
and normally kept on close control, although it was allowed to be broad-
cast controlled when control channels were lackling. Twc passes of five
minutes each were also taken for this aircraft, and the method of attack

was the same as for the F-102.

Employment Egcgica——flaégl

F-102: The prevalence of the Lincoln Transition System in the areas
of greatest bomber and interceptor traffic in the 1960 analysis was assumed
to permit use of close control for all interceptors in thls perlod. All
F-102's were assumed to be used singly and each was given as many passes
of five minutes' duration as it could make, up to a maximum of four, with

the stipulation that it must retain fuel enough to return to home base

*In this paper, the designations F-102 and F-102R, when used with refer-
ence to single interceptors, mean the F-102 interceptor armed respectively
with atomic warhead rockets and with "regular" small rockets., When used
with reference to sguadrons, they mean respectively those armed primarily
with atomic warhead rockeis and those armed entirely with small rockets.
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with normal reserves.

The AMTI on this interceptor was imagined as sdeguate to permit fairly
long detection ranges (8 to 10 miles) even st low altitudes. This was
sufficient to allow collision course tactics from anywhere back of about
70° off the nose of the vehicles being attacked (the high-altitude Snark-
type missile, low-altitude B-47-type bomber and decoys at both altitudes).
Since AMII has no effect from directly abeam, where the radial velocity
of the bomber is the same as that of the ground, the attacks at low alti-
tudes were envisicned as being made from slightly behind the abeam position.
The longer detection range did not require the slow closing speeds used in
the previous analyses.

F-102R: This interceptor armed with small rockets was also used
singly and on close control. Each F-102R was presumed to make &s many
passes of five minutes' duration as it could up to a8 maximum of three,
and still return to its home base with normal fuel reserves.

The assumptions as to the AMTI and collision course attacks back of
the beam were the same as for the F-102 armed with the atomlc rocket.

411 ettacks were presumed to be made with an interceptor-bomber course

difference of 60 degrees.

Alreraft Aborig-- 8,1

On the basis primarily of preseni operational and test data, it was
suppoged that fourteen percent of the interceptors which were ordered to
"scramble™ would not reach the point of firing at an invader because of
some operational failure or malfunction. It was further hypothesized
that one percent of multiple-pass interceptors which completed a pass

would abort before reaching the firing stage of the next pass. Thus two
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non-abort factors were used, Uy = 0.86 and Y, = 0.99. Any aircraft
aborting its mission was considered inoperative for the remainder of

the strike being analyzed.

Pilot Abortg=-(1 1958, 1960

In sddition to the operational aborts mentioned above, it was assumed
that a portion of the humans inveolved in the intercepts would make errors
of one type or another which would result in missed conversions (or aborted
passes). Some operational data from World War II indicated that about one-
third of the firing passes made by fighter planes were complstely in error.
It was theorized that improved fire-comtrol systems and better training
procedures should bring this figure down somewhat, sc a non-abort factor
of D = 0.8 was used.

This degradation factor was further split into two parts to allow for
the fact that in eome of these cases the error would be great enocugh that
no ammanition would be used. The number of aborted passes in which ammuni-
tion was used and those ln which it wsa not were taken to be roughly equal
percentages of the total number of passes. Hence two "pilet" non-abort
factors were used, D1 = \/E:E-and D2 = \[ETE—. It was further assumed
that if either of these aborts applied, the pilot must break off his
current pass attempt. The fuel and time for the pass were considered to
be used, howsver, and if the abort was such that interceptor armament was
fired (D, abort), the bomber also fired at that interceptor. If an inter-
ceptor's armament was not fired (D1 abort), on the other hand, it was
presumed that that interceptor was not subjected to the bomber's fire.

The different aircraft of a given formation were subjected independently

to these two types of pilot sborts. The ones affected were assumed to go
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immediately to a broadecast control status for F-89D's, to base for F-86D's,
and intc the next close-controlled pass for F-102's and F-102R's (provided
that none of these aircraft were killed by the bomber). A1l aborting air-
craft were assumed separated from all other Interceptors in the original

element.

Probability of Detection and Conversion on Close Control, Pdc-~(1956)

The probability of detection and conversion for an element of close-
controlled interceptiors was taken ito be the same as that for a single inter-
ceptor. This followed from the assumption that all interceptor crews other
than the lead aircraft would be occupled with keeping station on the lead
alrcraft. As previously mentioned, all interceptors were postulated to be
vectored into approaches from behind and parallel to the track of the
bombers and flown with a closing speed of 50 knots. The distance normal
to the bomber track at which the interceptors were able to position them-
selves (i.e., their lateral error) has previously been discussed as a
measurement of accuracy. The distribution of this distance was sssumsd
to be Gaussian, with a standard deviation (¢) of 6000 feet. The detection
was assumed to be made by & visual corntact, and the closure and firing by
visual pursuit course methods.

For the detection criterion a step function was used, detection being
congldered certain within the maximum detection range and impossible beyond
it. The maximum detection ranges employed were 6000 feet for the single-
place F-86D and 8000 feet for the two-man F~-89D. It was further supposed
that an interceptor which detected a bomber could always maneuver into
position for a firing pass by using pursuit-course tactice (barring pilot

error, which is treated separately in the preceding section). For each
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type interceptor Pdc was then found by integrating the normal curve between
the limits determined by the intersections of the detection circle and the
gcan barrier, the latter being teken as 70° to either side of the nose of

the interceptor. The values thus determined can be found in Table XIII.

*
Probability of Detection and Conversion on Close Control, Pdc--(1958)

The probabillity of detection and conversion for an element of close-
controlled interceptors was again assumed the same as that for a single
interceptor., In the hypothesized nighttime attacks of 1958 all interceptors
were again vectored to the bombers on overtaking courses with closing speeds
of 50 knots. The same distribution and standard deviation of vectoring
errors were assumed as for 1956. However, visual contact with enemy air-
craft was considered very unlikely. Detection was limited to radar means,
and closures were presumed to be radar-directed collision-course attacks.
For ease in computing Pdc’ and because of a lack of sufficient informastion
to justify a more refined assumption, a step-function was again used for
the detection criterion. Maximum detection ranges of 4000 feet and 8000
feet were postulated for the F-86D and the F-89D, respectively, but it was
theorized that these interceptors would be unable to perform lock-on until
they had closed to ranges of, in turn, 3000 feet and 4000 feet. 4 delay of
gix seconds was also stipulated following the interceptor's initial turn
bafore the lock—on procedure could be completed.

The F-102 was envisioned as being equipped with & radar having a crude
form of AMII which, bescause of so-called platform motion, would give it a
non-circular detection-range function. The following assumptions were used

to define the AMTI performance:

»
§ This section applies to all cases except one raid of IL-28's caught at
high altitude by F-102's, for which Pa. Was takan s hg unity.
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Table XIII
ESTIMATED VALUES OF Py, P, and Pk¢ FOR ARFA WEAPONS
Year and? Interceptor | Bomber ' Number of Interceptors (2) (3) (3);
+ Offense | Type Type , Attacking Bombers Pse Py Pkﬁ
. Taetic | Simultaneously
1956 F-86D IL-28 1 .65 .16 .20
5 Low 2 .65 .20 .13
ialtitude 3 .65 .22 09
Day L 4 £5 .2l .07
TU~4 1 .65 .37 .22
2 .65 45 .13
3 .65 .50 .10
N .65 .52 .08
F=80D T[~28 1 .79 2l e 36
2 .79 025 .30
TlU=14 L .19 Ll .33
2 .79 .57 .26
1958 F=86D T1.-28 1 .28 .13 .21
Low 2 .28 .16 .1h
t1titude Type-31 1 .29 .26 .22
Night 2 .29 .33 .18
F-800 11-25 T NP .20 7T
2 .72 .28 .21
Type-31 1 LS ) .28
2 .75 .55 .20
F=102 | TL-28 T .92 .57 0
Type=-31 1 .95 ek y)
F=102R 11-28 1 .02 . 35 .20
Type=31 T .95 .50 .20
19601 | F-102 Snark 1 1 .97 0
Snark B0t 1 1 T [
High T-102R Snark 1 1 .97 0
Altitude B-L7 1 T 69 GO
Night F=99A Snark 1 1 .52 -
B=L7 T 0 - -
zzgftigg'"““”ﬁi§§§* Snark T N R
Nzght B=li7 1 yld) (133087 e
F=99C Snark 1 1 5D -~
B=L7 T 1 .52 —

(l)In 1960 the parameter values for all weapons versus decoys were taken to be
the same as those versus the accompanied carriers,

(2)
(3)

Per element of interceptors,
Per interceptor,

(h)See text.
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The interceptors would fly at the same altitude as the bomber
The radar antenna would be pointed up 0.5°
The clutter-rejection capability of the AMTI would range from
5 db at 70° off the interceptor's nose to 10 db at 30° off the
nose

Clutter signal strength would be such that a ratio clutter attenua-

tion/target attenuation = 25 db would allow detection of a Type 31

Employment of the above assumptions led to the following contour for the

detection-range step funciion:

11,400 feet for targst 70° off interceptor's nose

vs. IL-28 11,900 feet for target 50° off interceptor's nose

12,700 feet for target 30° off interceptor's nose

12,700 feet for target 70° off interceptor’'s nose

vs. Type 31 13,500 feet for target 50° off interceptor's nose

15,000 feet for target 30° off interceptor's nose

Lock=on was thought to be feasible with this equipment immediately upon

completion of the turn onto an approximate collision course. The scan limit

was again taken as 70° to either side of the interceptor's nose.

In all cases a delay of 5 seconds was presumed for evaluation of the

attack situation after detection. This was reflected in the graphical

solutions used for determining Pdc by advancing the detection contour along

the bomber's track (in bomber space) by a distance equal to 5 seconds times

the overtske speed.

Following lock-on, minimum times were specified for:
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Settling of steering presentation 3 sac.
Computer smoothing 18 sec,
Rocket time of flight 1 sec.
Additional time for interceptor to rp
reach aim point 7 sec.
F

where rp is the distance between the interceptor and bomber at the time of
impact, taken to be 730 feet,(lz) and Vf is the interceptor's speed. These
times determined a minimum "time-to-go line" which was measured from the
ajm point. If lock-on has not occurred by the time the interceptor has
closed to this line, conversion cannot take placs.

A graphical construction was used to find the parallel path of maximum
distance off the bomber track along which an interceptor could overtake a
bomber and still detect and convert subject to the constraints discussed
above, This "maximum distance” has been termed the "limit of interceptor
distribution.” The form of the graphical solution is shown in Fig. 12 for
the F-36D and F-89D case, where the limit of interceptor distribution was
determined by the intersection of the minimum time-to-go line and the lock-on
range circle. For the F-102R, the limit of interceptor distribution was
determined by the intersection of the interceptor radar scan limit and the
detection line; while for the F-102 armed with atomic rockets (for which rF'
was takeﬁ to be 4250 feet) it was determined by the minimum time-to-go line,
the detection line, and the interceptor turn radius. It should be emphasized
that Fig. 12 is drawn in bomber space.

Pdc was then determined from these graphical solutions by integrating
the assumed normal curve of intsrceptor distribution (o = 6000 feet) ocut to

the ®limit of interceptor distribution." The resulte are given in Table XIII.
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Probability of Detection and Conversion on Close Control, Pdc--(l960)

For the high-altitude attacks by Snark-type missiles in 1960, the
performance of the F-102 was found to be very good if adequate-time re-
mained after detection to complete the closure on the missile {either
Snark-type missile or decoy, the latter looking like the former to a
radaer}. The assumed vectoring error of 3000 feet and the Al radar per-
formarce of approximately eleven miles' detection range on the missile
were sufficient to allow all interceptors to detect their targets, so that
the closing speed was the critical factor. In this regard it was found
that the conversion could be completed by the F-102 if the attack angle
was aft of about 60° off the missile's nose, and by the F-102R from any
attack angle. Consequently Pdc was assumed to be unity, with the stipula-
tion that vectoring should be aft of abeamn.,

Against the low-altitude B-47-type bomber attacks, esssntially the
same situation prevailed. Hence Pdc was again taken as unity, with the

requirement of vectoring slightly aft of abeam.

Probability of Detection and Conversion on Broadcast Contrel, ch--(l956,

1958, 1960)

It was postulated throughout this study that the F-29D would be the

only interceptor used on broadcast control against the low-altitude raids.
The F-86D, being a single-place interceptor without AMII on its radar, was
thought to be incapable of performing on this mode of control because the
pilot would be too busy flying his airplane to do the extensive searching
for targets which 1s required under broadcast control. In 1958 the F-102's
and F-102R's were thought to be too effeciive to compromise their performance

by using anything other than close control, so they were given first priority
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on control channels and, due to their limited number, never had to be used
on any other method of control. In 1960 there was adeguate conirol capa-
bility in the assumed Lincoln system to handle all of the intercapt;rs
individually so that broadcast control was not employed. In all three
years, ground-to-alr end sir-to-alr IFF was assumed to be available and

t¢ work well.

The same detection and lock-on criteria were used for the F-89D on
broadcast control as on close control, these being atated in the preceding
section. Interceptors on broadcast control were assumed tc have been
instructed to fly into the rear of the bomber formation and proceed in the
same direction as the bombers with a 50-knot overtake speed. The bombers
were assumed to be located randomly within the formation,' and Fﬁc was

determined from the equation

de AO
vhere
t = time of search,
A(t) = area searched by interceptor‘'s radar in time t,
Ab = area of bomber formation,

number of bombers in the formation,

» _
Two other models were investigated, one with the bombers located on

the corners of a rectangular grid, the other with each bowber located within

& rectangle of the grid with uniform distribution over the rectangle. The

f;c’s resulting from these assumptions were very close to that obtained on

the sssumption of random location. The random model, being simpler, was
uged throughout the study.’
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and ?

de = probability of detecting at least one bomber upoen which con-

version can be accomplished while searching during time t

through the bomber formation.

The time of search was considered to be ten minutes for each broadcast-

controlled "pass," and A{t) was given approximately by

nrz

At) = 21 + 2r23t

where ry = detection radius,
= "imit of fighter distribution" as found in solutions for Pdc
and s = overtake speed.
As an example, for & bomber formation coming in over sea* in the daytime,

A_ = 1025 square nautical miles (from Chapter I)
= 1.32 nautical miles
ry = 1.25 nautical miles

g = 0.833 nautical miles per minute

nx
t = 10 minutes

1]

2
A(t) “Eil§231—~ +2 x1.25 x 833 x 10 = 2.73 + 20.8 = 23,53 n mi2

B B
snd By =1 - 1-—%%5—?1 =1 - (.9765)

Pdc is plotted va B for various conditions of attack in Fig. 13.

* -
The value of Pdc for a given number of bombers differed for an over=

water approach as opposed to an overland approach. This was because the
permissible bomber formations (and hence ko) differed in the two cases,

mainly as & result of differences in the radar line of sight {for the
bombers! station-keeping radars) corresponding to the approach altitude.

L )

Since most of the time would be spent in straight-and-level search
(which usually carried the interceptors toward their bases), and because
most F-89D's were not using their complete radius capability, F-89D's on
broadcast control were given an extra range-free five minutes per pass.
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Probability of Detection and Converelon on Uniform Broadcast Control, Pdc‘—-

(1956, 1958, 1960)

For the same reasons as given in the last section, only F-89D's were

used on uniform broadcast control. The assumptions about performance of
the fire-control system were the same as given above for close control, and
the interceptors were again imagined to have been instructed to approach
the bomber from the rear with a 50-knot overtake speed. The critical thing
for this type of contrcl was the assumption of the accuracy with which an
interceptor could fly to a moving point 1In space. Since the interceptor
was again allowed a ten minute search period per "pass," the positional
error normel to the bomber path was the important perameter. This error
was taken to have a normal distribution with ¢ = 3 miles for interceptions
over land and ¢ = 5 miles for interceptions over the ocean. Integrating
these distributions out to the "limit of interceptor distribution" &s found

for Pdc’ the following figures were obtained for Pdc' for both night and

day attacks:
over sea, §Ac| = .20
over land, Fﬁc' = .32

Probability of Kill of Bomber (Pkb) and of Intercepter (Pk@)-'(1956)

An interceptor overtaking 2 bomber from the rear is subject to the full
brunt of the bomber's tail-fire. The aerial engagement becomes a duel, with
each plane attempting to shoot the other down without being first destrcyed
itself. The methods of RM-106713) yere employed in this study to find the
probabilities of kill of the bomber by each of the interceptors engaged in

the duel and of each of the interceptors by the bomber.
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F-86D: The F-86D was assumed to fire all of its 24 2.75 inch rockets
in one pass, The 120 rounds of 23 millimeter ammunition which the bomber
could fire during one duel were regarded as being divided equally among
the interceptors making the pass. The stendard deviations of the fire-
control errors were postulated to be 27 mils for the interceptor and 12
nils for the bomber. The minimum range at which the interceptor would fire
was taken as 1000 feet. The wvulnerable areas used are given in Table XIV.
Two types of kill and their corresponding vulnerable areas were con-
sidered in all the kill-probabillity estimates, namely A-kills and C-kills.,
An A-kill is one in which the demaged aircraft crashes or falls out of
control within five minutes. A C<kill is one in which the damaged air-
craft cannot complete its mission in progress. In all cases the vulnerable
areas employed for the bombers was that corresponding to sn A-kill., For
the interceptors at low altitude (the only case for which vulnerable areas
were estimated for interceptor or manned bomber) the largest of the two
vulnerable areas was enployed. This was done to reflect the pilot's
inability to parachute from low altitude. It was assumed that at the
first indication of being hit the pilot would attempt to gain altitude,
thus breaking off the engagement.
As an illustration of the procedure followed, consider two F-86D's
attacking a TU-4. For this condition:
For the bomber
mumber of rounds, ¥, = 60 (per interceptor)
vulnerable area, A, = 167 sg. ft.

equivalent armament

dispersion, ¢, +012 radian

]

maximum rate of
fire, vy = 26.7 rounds/sec.
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Fighter

F-86D

F~-89D

F-86D

F-89D

F<102R

F-102

F=~102
F=102R
F-102

F-102R

(v

Table XIV

BOMBzR AND INTERCEPTOR VULNERABLE AREAS

Vulnerable Area in Sq,Ft.(l)

Bomber Bomber Fighter

1956 (Low Altitude, Day)

TU~4 167
11-28 61
TU-4 167
IL-28 61

1958 (low Altitude, Night)

I1-28 52
Type-31 i22
11-28 57
Type-31 177
IL-28 78
Type-31 173
IL-28 | 78(2)
Type-31 173
1960 (Low Altitude, Night)
B-47 335(2)
B~-47 335
Snark (3)
Snark (3)

23

12

23

The vulnerable areas are for the particular armaments assumed to be fired

and for the particular type of firing pass assumed to be made,

1956 and 1958 case, a distribution of attack angles about the tail of the
bomber was used which was felt to be consistent with the AT capabilities

and the fighter maneuverabilities involved,

(2)

(3)

These vulnerable areas are for the small rockets.
assumptions regarding the atomic warhead rockets.,

See p. 92 for the assumptions about Snarks,

See p. 90 for the
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For the interceptor
number of rounds, Np = 24 {per interceptor)
vulneratble area, Af =5 sqg. ft.

equivalent armsment

dispersion, o, = ,027 radian
minimun range of

fire, r, = 1000 feet
closing speed, V = 84.3 feet/sec.

From Ref. 13,

e =% | mxaene”

1 2 2
NbAf/db 60 x 5/.012
R _ / 24 x 167 _
r, = >~ = " = 935 £t
2nof \/ 2n x .02
r
b - oo _
3 = --—-rl 535 1.07

where kl is a relative armement effectiveness number and ry is the range
at which the interceptor would expect one hit on the bomber. To find Pkb
and Pk » the two parameters kl and d were then used in Figs. 2a and 2b,
pp. 27 and 28 of Ref. 13; which show respectively the probability of kill
of the bomber and the probability of kill of the interceptor as functions
of these parameters for ihis duel situstion. For the particular case in
question,
Pkb = .45 (per interceptor)
and ?kﬂ = .13 (per interceptor).

These and all other kill probabilities used in this study are presented
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F-89D: The two-place F~89D was assumed to fire i1ts 108 2.75 inch
FFAR in two passes, using sirgle salvos of 54 rockets on each pass. The
assumptions of fire-control error and minimum firing range were the seme
as those given for the F-86D, as were those for the bomber. Vulnerable
areas are again to be found in Table XIV and the kill probabilities in

Table XIII1.

Probability of Kill of Bomber (Pkb) and of Interceptor (Pkﬁ)--(l958)

F-86D: The 48 esmall rockets carried by the F-86D in this part of the
study were assumed all to be fired in one salvo on one pass. Since the
interceptor armament was now more effective, a minimum firing range of
1500 feet was used, with a resulting dec¢rease in the number of inter-
ceptors killed. The vulnerable areas are to be found in Table XIV. The
other pertinent assumptions were the same as in 1956.

F-89D and F~-102R: It was postulated that each of these planes would
fire its 216 small rockets on two separate passes, using a salvo of 108
rockets on each pass. The other considerations, except those given in
Table XIV were the same as for the F~26D.

F-102: The atomic~armed F-102 was envisioned as firing a single
A-warhead rocket on each of two passes. The supposed firing range was
4500 feet, which provides adequate separation for the escape of the inter-
ceptor.(ll) The atomic armament itself, according to the design criteria
from Ref. 11,produced a probsbility of kill of the bomber approaching
unity, even allowing the bomber maximur evasive maneuver. After including
factors for reliability of the rocket, fuse, etc., Pkb = 0.97 was used for

this interceptor and armament. The bomber fire was taken to be ineffective
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at this range, so that Pkﬁ = 0.

Probability of Kill of Bomber (Pkb) and of Interceptor (Pkg)-—(l960)

F~102R: The F-102, since it possessed a good AMTI radar, was assumed
able to c¢lose on a collision eourse against all attacking vehicles employed
at either high or low altitude. Although approaches from forward of the
beam could have been performed by the F-102R, it was estimated that the
F-102 with atomic warhead could not so operate. In order to make the
general process of vectoring uniform, it was required that the F-102R
make its passes back of the beam. The asctual interceptor-bomber course
difference assumed was 600, which collision approach was envisaged as
rendering ineffective the tail turret of the bomber. The interceptor-
bomber encounter was therefore not treated as a duel.

The methods of RM-1147"%) and Ru-109711%) vere used in determining
P

kb*
taken to be 2600 feet. The 216 2-inch rockets werse regarded as being fired

The range from the F-102R to the bomber at the time of firing was

in two equal salvos and an "equivalent dispersion" of 27 mils was employed.
Both the B~ 7-iype bombersat low altitude and the Snark-type missiles at
high altitude were assumed not to perform evasive maneuvers. Since they.
were designed to be indistinguishable from the accompanied bomb carriers,
the decoys employed with the bombers and the missiles were also presumed
not to psrform evasive maneuvers.
Thus, for the low-altitude B-47:

bomber vulnerable area, A, = 335

number of rockets in salvo, N, = 108

equivalent dispersion, gp = +0R7 radian

present range, r = 2600 feet
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NI 108 x 335 5 aep
- > — = 1.
2n(dfr) 2n{.027 x 2600)
Pkb—l-e”‘=1-e'1‘17=1-o.31=o.69

In the case of the Snark-type missile attack there was the additional
possibility (considered fairly probable) that the defense would know or be
able to deduce that the attacking vehicles wers passive--i.e., they would
neither maneuver nor return fire. In such a case the interceptors might
well adopt a policy of converting to a firing position in a tail chase,
slowing down to the speed of the migssile, and firing repeated salvos of a
few rockets each until it was determined that the missile had gone out of
control. More time would be required for this tactic, but the firing time
would be spent at essentlally cruise speed, thus conserving fuel and allow-
ing the interceptor more battle time, and Pkb would be made very nearly
unity for each pass. In addition, fewer rounds would be fired per kill,
so that the F-102R could make more passes with the same number of rockets.
The same tactic, naturally, could be employed against the deccys accompanying
the missiles.

A compromise was adopted in the actual calculation of attrition for
the missile {and decoy) attacks: Py Was chosen to be 0.97, equal to that
for the atomic-armed F-102, and the F-102R was limited to a total of three
passes.

At low altitude the crudeness of the guidance and stabilizing systems
used in the decoys should cause them to be ruch more vulnerable for their
size than the B-47-type bombers but the small size of the decoys was felt

to more than offset this fact. On the other hand, several ameliorating
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factors were involved in the analysis. First, no allowances were made for
collisions between decoys, between decoys and bombers, nor, very important
in the low-altiiude sirike, of decoys with the ground. Second, even barring
collisions the decoys might at times be close enough together to have two
or even nmore destroyed with one atomic warhead or salvo of rockets, which
fact was not reflected in the analysis. Third, the possibility of a
significant number of the decoys being recognized as such was not specifically
considered.ﬁ

The result of these considerations was to simplify the analysis by
assuming that the decoys had a vulnerability equal to that of the bombers
which they accompanied. The same value of Pkb was therefore applied to
the decoys as to the B-,7-type bomber. It is to be noted that the F-102R
kills comprised a small fraction of the total in both the miasile and
bomber attacks.

F-102: For the interceptor firing atomic~warhead rockets, the situation
envisioned was much the same as for the 1958 strikes. 4gain, as explaired in
Ref. 11, the rocket speed, burst size, and firing range were picked such as
to produce a Pkb approaching unity, even In the case of a maximm evasive
maneuver. The reliabilities involved were considered to result in an overall
value of P, = 97,

After firing its two atomic rockets, this interceptor was left with 108

2-inch rockets, which were presumed to be fired in one salve against the

*
It was postulated throughout that there was no wholesale recognition of
decoys, although a finite probability exdsts that the defense might accomplish
this by some clever means. Anr attempt to avoid decoy-bomber collisions by
programming them at different altitudes would enhance this probability sub-
stantially. Such recognition would, of course, not only nullify the use of

the decoys, but make it a detriment because of the effort devoted tc them
which might have been put into more homberes.
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low-altitude bomber or its decoys or in one extended pass against the missile
or its decoys. The assumed condition was now the same as for the F-102R,

and the same values of Pkb were used. The interceptor was allowed to make

a total of four passes, fuel and armament permitting, launching atomic rockete
on the first two of these which resulted in firing signals, and 108 2-inch

rockets on the next.

Turn-Around of Interceptors--(1956, 1958 60
It appeared that where the interceptor speed was high relative to the

speed of the bombers some interceptors could probably be refueled and re-
arped at their base after one sortie in time to make a second sortie against
either the same or a different bomber stream. For this purpose it was
assumed that up to four of a group of returning interceptors could be made
ready for battle again, or "turned around,” in twenty minutes from the time
they arrived at the field. Any more which returned would be split into
groups of four, and these groups could be scrambled in series, with 20
minutes between successive groups. When the times involved allowed turn-
arouhdsto be used, the number of interceptors which were expected to survive
the first sortie was computed and used as the number avallable for scramble

on the second sortie.

AREA-DEFENSE MISS -

There were no area-defense missiles in the defense system assumed for
1956, and only one squadron of F-99A's was assumed for 1958. The low-altitude
capability of this early form of the Bomarc weapon was regarded as belng zero,
and the presence of the one squadron was therefore neglected in the 1958
analysis.
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Probability of Non-Abort, Wy

It was presumed that the reliability of the Bomarc missile in all three
of its formg=-the F-994, B, and C--would be fairly high by the time it got
into production. A non-abort factor of Uy = 0.8 was used for the complete
migsile in each form. In addition, the atomic wsrhead of the F-99B was
agsumed to give it some capability for destroying bombers when detonated
by command from the ground without using the seeker for terminal guidance.

A separate propability of non-abort of Uy = 0.9 was therefore used for the

F-99B in low-altitude attacks where its seeker was useless.

Probability of No Human Errcrs, D
Although no pilot would accompany the misgsile, so that there would be

no pilot aborts," it was felt that the missile would be much more subject
than the interceptor to errors made by humans or by calculetion and communica-
tion equipment in the ground system. The missile being a one-shoi affair,
nearly any error would result in a wasted missile. The zame probability of

no error, D = 0.8, was pogstulated as was used for the interceptors.

Probability of Detectiocn and Conversion, P,

F-39A: The system vectoring errors and missile and seeker performance
were presumed to result in a Pjo Of unity at high altitudes. There was
taken to be no provision for the elimination of ground clutter at low
altitude, with a resultant Pdc equal to zero against low-altitude attacks.

F-99B: The high-altltude performence of this missile, and resulting
Pdc’ were the same as for the F-99A. Although the vectorlng accuracy at
low altitude was identical tc that for the F-99A, the employment of an atomic

warhead relaxed the limits describing a successful intercept and allowed a
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reasonable success probsbility on the basis of ground vectoring alcne. The
missile was visualized as being vectored to the vicinity of the tearget and
the warhead being detonated by command from the ground network, without use
of the airborne seeksr. In this situation Pdc has no strict interpretation.
However, in order to employ the same method of calculating effectiveness for
all missiles, it was considered unity for the F-99B at low altitude also.
The large miss distances resulting from no use of the seeker were accounted
for in the caleulations of Pkb’ as discussea.below.

F-99C: The pulse-doppler seeksr hypothesized for the advanced model of
the Bomarc missile was regarded as having performance at both high and low

altitudes resulting in Pdc = 1.

Probebility of Kill of Bomber, Pkb

F-994 and C: Both of these versions of the Bomarc were assumed to
contain expanding-rod warheads. It was felt that not enough data existed
to make accurate analyses of kill probabilities with this warhead, but
preliminery work indicated a value slightly grester than 0.5. In this study

P

kb "2 actually taken to be 0.52.

F-99B: At high asltitude the same consideration was given the Bomarc
with atomic warhesd as was given the interceptor with atomic rockets: that
the warhead was adequate to compensate for the mise distances expected with
the seeker, and Pib would approach unity. The werhead reliabilities involved
led to a value of 0.97 for Pkb’ At low altitude, where the seeker was of no
use, the kill probability was based on the expected vectoring accuracy of
the ground system, the lethal radius of the atomic burst, and the warhead
reliability. With the assumed vectoring error of 3000 feet, a lethal radius

(11)

of 1600 feet, and the same reliability as was postulated at high altitude,
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the resultant low-altitude value was Pkb = 0.13.

LOCAL DEFENSES -~ (1956, 1958, 1960)

The remarks of this section apply to all three years, 1956, 1958, and

1960. It was assumed that the changes which occurred in the local defenses
during this time were changes of types and nmumbers of missiles and missile

systems rather than minor changes within any one system.

Rader lLimitations
Nike: The Nike tracking radars were assumed to be incapable of adequate

clutter rejection for use at low angles of elevation. It was theorized that
they could track targets down to 15 mils above the horizon.
Talos: The Talos system, both in Talos CW and Talos W, was assumed to

be usable down to the radar line of sight.

Probability of Target Acguipgition

It was assumed that in all cases the data from the surveillance radaf
network was adequate to allow the radars of the local-defense weapons to
find and acquire targets, within the limits described above. Thus the
probabiliiy of target scquisition was itreated as being unity whenever
gufficient warning existed to bring the local-defense batieries into action,

and as zerc when the warning wes insufficlent.

Warping Time Reguired

The warning required to bring local-defense batteries into action was
assumed to be fifteen minutes from the time a bomber crossed the detection
perimeter until it reached the maximum firing range, RH’ which is defined

below.
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Probability of Non-Abort, LIRS

Nike and Talos W: These missiles which did not incorporate seekers were
given reliabilities, or non-abort factors, of LR 0.9,
Talos CW: This missile with its semi-active sesker was assigned a

uab = 0.8,

System and Human Degradation, B

Because of the short times involved, & local-defense weapon is even more
susceptible than an area weapon to any mistakes of commission or omission by
the ground network. A degradation factor of D = 0.75 was used for all of

the local-defense missiles.

Firing Rangeg
A minimum firing range, Rm’ of 5 nautical miles was postulated for all

of the local-defense missiles. Maximun firing range, RM’ ig defined as the
distence from the missile battery to the target at the time of the first
interception, and depends upon the altitude of the target and the missile
characteristics. The RM for each specific attack situation considered can

be found in Table XV.

Time Interva] Between Salvos, &
The time interval between salvos for a Nike battery was taken to be 12

seconds. For Talos CW and Talos W batteries it was taken to be 20 ssconds.

Number of Saulvos Fired per Battery, N, or N's

Ns was defined as the number of salvos which could be fired prior to
bomb~release line by ons battery if a single bomber passed directly over-

head of the battery. For this purposs it was envisioned that the bomb-release



Table XV

LOCAL DFFENSE EFFFCTIVENESS

Year and Local Bomber RM a b No.cf [ Missiles| Missile Kill Siting Factorl
Offense Defense . : \ . y| Salvos Per Relia= | Proba- """ "7 T75..7]
; Type | Speed | Alti-| (n.mi)| (sec.)|(sec/nmi.) Y s s City SAC
Tactic Weapon (fots) | tude Ns’N'e Saivo bility bl%Lty' Targets | Bases
(feet) - Hn kb
1956 Low § T1-28{ hLsa 200 -- - - 0 -- - - - -
{ Altitude NIKE I
I Day TU-L | 275 200 - - - 0 -- - -- - -
5 ~28 | Ls0 500 6 12 .22 1 1 0.5 0.%0 | 0.18 1
I 1958 NIKE I
T-31} LOO 500 6 12 L.22 1 1 0.5 0.50 | 0.18 1
el Talos W J11~28| 40 | soo | 21 | 20| 320 | 322 1 0.9 1 0.20 1
Single
Altitude | Simplex { T-31{ LOO 500 22 20 3.20 | 3.5¢ 1 0.9 1 0.50 1
1
g TALOS CW | 11-28 | L50 500 21 20 3,20 | 3.21 1 0.8 0.75 | 0.50 1
 Night Single
i Simplex | T-31] LOO 500 02 20 3.20 | 3.59 1 0.8 0.75 | 0.50 1
1960 Snark | 515 |50,000] 21 12 L.22 | 2.8k 1 0.9 0.50 | 0.50 1
| it NIKE I
High' B-h7 | 450 500 6 12 L.22 1 1 0.6 0.50 0.18 1
1titud
Avavade I' ratos w | snark | 515 [50,00] 50 | 20| 3.2 | 87| 1 0.9 1 0.80 'y 0.27
Night s
BLi7s Simplex | B~47| LSO 500 21 20 3.2 6.31 1 0.5 1 0.50 1
Low TALOS CW | snark | 515 |so000| so | 20| 3.2 | s.ec| 2 0.8 0.75 | 0.0 | 0.c7
Altitude Dual
Nigh -
ight Simplex | B-47| b0 | soo | 21 | 20| 3.2 | 6.05| 2 0.8 0.7 | 0.5 1

76-6-1
99T T- WY
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line occurred within the minimum firing range of the battery so that N8 was
the number of selvos fired at a single bomber headed directly over the
battery, from maximun firing range to minimum firing range. For one guidance

*
unit psr vattery

a + b
N =1+ 2690, In i ’
8 bVB a + bR
n
while for two guidance units per battery (dual simplex operation of Talos CW

and Talos W),

a-thb (RM - cV.)
- 3600 B
N‘s Ns +1+4 bVB in a + me t

where b = reciprocal of effective missile speed in sec/n mi

u;:‘.
h

bomber speed in knots

time interval between salvos in sec

-]
]

maximum firing range in nautical miles

minimum firing range in nautical milee

Sl a

]

launcher tie-up time, taken = 30 seconds for Talos CW
and = 10 seconds for Talos W.
Thus for a Talos CW single simplex defending against an IL-28 attacking at

500 feet (a 1958 strike),

*
The equations given for NB and N" do not hold for small values of RM’

such as RM = 6 nautical miles.
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N2l 1 Roeiaass
=1+251n -252
=1+2.2
= 3.21

The values of Ns or N‘s for each attack situatlon mare given in Table

XV.

Probability of Kill of Bomber by One Miseile, Pkb

For Nike and Trlos W, where no seeker is employed, the miss distance,
and therefore the probability of killing the bomber, is a function of the
range &t which the intercept occurs. When the missile has a seeker for
final homing, this is true only in a very minor fashion. For this study,
only one value was employed for Pkb for each of the missiles involved, this
being a value which was averaged over the range of intercept capability.

Thess values are listed in Table XV.

Siting Factor, g
So far the discussion has dealt only with a battery which lies directly

under the bember's path. Batteries which are not so located have a reduced
effectiveness because the bomber may be in range for a much shorter time
before bomb release line, or may never come within range at all., The result
of this is two-fold: the battery can fire fewer salvos, and the average salvo

is fired at longer range, which may reduce Pkb'
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The local-defense hatteries around a city were pictured as being
situated on a circle of ten miles' radius, while those around a SAC base
were taken as on a circle of three miles' radius. A siting factor,-g,
was then computed which would adjust the average kill potential per battery
for a bomber approaching from any direction. These siting factors are also

listed in Table XV for each threat studied, and for both city and SAC targets.
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CHAPTER III

STRIKE ANALYSIS TECHNIQUES

In order to determine the results of Soviet attacks on the U.S. under
the various conditions discussed in the preceding chapters, an attempt was
made to set up strike models which would be as realistic as possible. The
method was to locate targets, bomber routes to targets, and the components
of the defense gystem on a map of the United States and examine the air
battles in the light of the actual geographical effects. In this way factors
wers included which could not easily be treated in & purely mathematical
model. The air battles were simulated on the basis of the general offense
and defense force agsumptions discusssd in Chapters 1 and II, in conjunc-
tion with a set of more detailed rules and on-the-spot declsions. These
rules and decisions were intended to make each stage of the battle highly
realistic. Tactics of both the defense and offense forces were represented
on the map and will be referred to as "tactical decisions." The numerical
results, in terms of bombers surviving the air battles, were calculated by
a mathematical model which used the results of the tactical decisions as
inputs.

The map exercise technology will be described in this chapter. The
mathematical model of the alr battle which was used to calculate the final
results of the strikes will be discussed in Chapter IV.

The strike techniques which will be described below represent a con-
tinuous learning process. The mesthodology employed in the first few strikes
was very crude compared to that used in the later strikes. As the sensi-
tivities of the results of the sirikes to various factors were discovered,

changes and refinements were made. Because of the great variation in.the
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strike technigues from cne time period to another, this chapter will consist
of a separate description of each strike. The conditions of each strike and
the changes in techniques will be discussed.

The fact that several of the detailed discussions in this chapter describe
gtrikes using the "vertical" attacks on petroleum and steeli does not imply
that this was the primary target system for the entire studj. These par-
ticular strikss were described in detail merely because changes in strike
philesophy and methodology occurred at the time they were done. The strategy
used in mogt cases and considered to be basic for the entire study was an
attack on SAC.bases, Washington, D.C., and urban industrial concentrations,
in that order of priority. (Aithough Washington, D.C., appears high on the
priority 1list of this target strategy, it could not alwayas be attacked, as
will be seen in the descriptions of the strikes which follow.) All of the
1956 and 1958 strikes in which offense force sizes, bomb sizes, and defense
strength were varied were based on this strategy. The 1960 strikes were
aimed primarily against urban industrial targets; SAC bases were not attacked,
as will be discussed in the section on 1960 strikes.

The general procedure followed in analyzing the first four strikes can
be outlined as follows:

A. Determination of offensive and defensive force sizes

B. Description of Soviet activity

l. Selection of target strategy

2. Estimate of expected attrition

»

A target system which included petroleum targets, steel targets and SAC
bases. Often this strategy did not make use of all the bombers available
and the remaining force was used on urban industrial concentration targets.
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*
3. Selection of target complexes

4s Agsignment of bombers to targatB**
5. Selection of bomber routes to targets
C. Determination of U.S. defensive actions
D. Tabulation of parameters to be used in the calculastions of the
strike results
In the first four strikes the primary purposes for the map exerciss were
to determine the routes for the Soviet bombers which would encounter the least
amount of U.S. defenses and to deternine the input parameters for the caleula-
tions of results.
For reference, a summary of the conditions of each strike will be given
at the beginning of the sectiion describing the strike. Uplegs otheryige
gtated, the offensive force asgumed to be available for a strike ig equivalent

in cost to the "basic!" force for that year as described in Chapter I.

1956 STRIKES (I, II, AND II1I)

ike
e
Offensive Force Arriving in Z1 188 TU-~4's and 150 IL=-28's. *
Bombs Arriving in ZI1 290 100-KT bombs.

*
In the 1956 and 1958 atrikes sach city was a target complex. Each target
could consist of one or more aiming points.

t 23
The word "target" as used in the following deseriptions infers target
complex.

¥

The number of bombers and bombs arriving at the ZI are the numbers
briefed minus the operational and refueling aborts. 20 percent of the total
force was assumed to abort due to operational failures. The refueling aborts
are described later. The TU-4{'s to which the IL-28's had been wingtip-coupled
did not enter the battle zone,



RM4-1166

1-5-54
106
Targets SAC‘bases, petroleun targets,
steel targets, and urbgn ine
dustrial concentrations.
Attack Type Low altitude, daytime.
Defense Strength Bagic for 1956.
Estimated Attirition 15 percent.

Determination of Force Sizes

The basic offensive and defensive force sizes and the defense-weapon
deployment for 1956 as given in Chapter I were used. The stockpile of 470
TU-4's was converted* into an equivalent TU=4 and IL~28 force briefed by
the Soviets. Of this force 200*§ TU-4's and 150 IL-28's wing-coupled to
TU-4 carriers survived the 20 percent operational aborte to reach the ZI.

Of these bombers, 300** carried 100 KT bombs. The bombers not carrying
bombs helped to saturate the defense, acting as decoys for the bomb carriers.
The TU«4's to which the IL-28's were wing-coupled were assumed not to penetrate

the defenses.

Soviet Activity

The strategy assumed on the part of the Soviets for this strike was an
attack on SAC bases, petrcleum targets, steel targets, end urban industrial
concentrations.

In order to decide how many targets should be chosen for the attack, the

*
The conversion was made with the ratio, cost of one IL-28 (including
portion of carrier cost)/cost of one TU-4 = 1.17.

%%
These numbers were later reduced to account for aborts resulting from

the necessity to refuel. See p. 108,
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"Soviet planners™ necded an estimate of the total attrition which the Soviet
force would suffer at the hands of the U.3. defenses. Since Strike I was

the first strike to be analyzed, this estimate was bzsed only upon experience
gained from some earlier calculations of the same genersal type and was there-
fore a very rough guess. It was assumed that 15 percent of the Soviet force
arriving at the ZI would be destroyed by the defenses before reaching bomb-
release points. Thus the estimated number of bombs which could be deliversd
on target was reduced from 300* to 255.l

Then 255i aiming points were selected. The 29 SAC bases and 3 Washington,
D.C., aiming points were given first priority. Since this wag primarily a
petroleur and steel strike, the 82 petrcleum and 49 steel aiming points were
congidered next. The top 92' urban industrial concentration aiming points
comprised the balance of the target list.

These alming points were located on a2 large map of the United States
which &lso shaved the radar network and the location of interceptor bases.
The targets with no radar cover or with insufficient cover to allow for
defense action against approaching bombers were considered "free" targets;
i.e., it was assumed that bombers attacking them would suffer no atirition.
One bomb-carrying TU-4 wag assligned to each such aiming point.

In assigning bombers to the defended targets, the different areas were
considered separately. The aiming polnts in the areas of Los Angeles,

San Francisco, Seattle, and St. Louis were assigned a number of TU-/'s
based upon the number of aiming points in the area plus an estimate of the

number of bombers which would be destroyed while penetrating the defenses

Thase nurbers were later reduced to account for abortia resulting from
the necessity to refuel. See p. 108.
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of the area. This attrition estimate was baéed on the number of interceplors
which should attack the bombers and a guess as to their effectiveness.* The
remaining bombers were assigned to the East Coast and Midwest areas simply

in proportion to the number of aiming points in the areas, the selection of
which is described above. The bombers which carried bombs were assumed to

be distributed uniformly through the bomber groups. IL-28's were assigned
to all Midwest targets and a mixture of IL-28's and TU-4's was sent to the
East Coast targets.

The routes which might be taken by the bombera in reaching these targets
were then considered, keeping in mind minimization of early-warning time to
the defense, minimization of the time within radar cover, and, where detection
was relatively early, ssturation of the defense forces. An attempi wes also
made to coordipate the attack sc that warning to defended targets would occur
simultenecusly in all areas of the country and so thst the warning to SAC
bases would be minimized, reducing their evacuaztlion capability. These cri-
teria indicated that most southern and southwestern targets should be ap-
proached from the Gulf of Mexico or Baja California. Such rcutes introduced
the problems of additional support aircraft and aborts due to longer routes
and extra refueling. Some bomber routes into other areas were alsc found to
be of such a length as to Introduce these problems. A total of 12 bombers

* %
were assumed to abert as a result of the relatively long bomber routes. Of

*
J% was assumed thet the effectiveness of the F=89D was such that it
wonld take 5§ of them to kill one bomber. The estimate for the F-86D was
20 interceptors to kill one bomber.

* ¥
The refueling abort factor was assumed to be 7 percent. For flight
routes from 4500-5500 nautical miles in length an additional abort factor
of 3 percent was assumed. For those of §500-6500 tical miles length,
the additional factor was 5 percent. See RM—1075.?53
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these bombers, 10 carried bombs. The number of bombs thus aborting was

subtracted from the 300 originally assumed to arrive at the ZI, and the

15 percent attrition was spplied to this revised number of bombs. The

resulting final list of 247 airing points was composed of 29 SAC bases,

3 Washington, D.C. aiming points, 82 petroleum, 49 steel, and the top

8/ urban industrial concentration aiming points (in 45 cities).

The actual bomber routes from the periphery of the United States were

then drawn on the map. Routes were determined on the besis of the above-

mentioned criteria, plus the following rules. (Some of these rules were

mentioned in Chapter I.)

1.

2

3.

L-

All bomber groups would penetrate first detection lines simul-
taneously.

The size of the bomber formation was limited to a squere no

more than 60 nautical miles on a side if the approach was over
land, or no mors than 32 nautical miles on & side if the apprcach
was over water. This restriction was due to the radar line-of-
sight limitations on the bombers' station~keeping ability.

The number of bombers following any one route would be limited

to 80 if they approached the ZI over land or 40 if they approached
the ZI over water.

If it was necessary to send more than one group of bombers into
an area by parallel rcoutes, due to restriction 3, the distance
between thess routes should be no less than 70 nautical miles

if they approached the ZI over land and no less than 40 nautical
miles if they approached over water.

To reduce bomber losses, bomber routes were to avoid local defenses
when possible, if in so doing they did not incur a serious range
penalty.
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6. On each bomber route there was to be an easily identifiable
geographical peint at a distance of ffom 60 to 100 neutical
miles from the target.

The final bomber routes and targets which resulted from the use of these

rules are shown in Fig. 16.

Action of the U.S. Defenssg
The defensive action of the United States and Ganadian forces in re-

acting to the bomber attack was simulated as deseribed below.

The defense was assumed to have sufficilent information to enable 1t
to assign interceptors to the various bomber sireams so that the kill
potential in an area would be divided among the bomber streams in propor-
tion to the initial numbers of penetrating bombers in the streams. Inter-
ceptors were assumed available for scramble, as a function of "time elapsed
since first detection,™ according to Table XI. No interceptors could be
vectored before the bombers entered contiguous radar cover, so in areas
where early warning from the McGill Line occurred there was an accumulation
of available interceptors. These were scrambled in one group as soon as the
bombers entered cover.

For use in vectoring interceptors, transparent scales were made for
each type of interceptor and bomber. These were calibrated in intervals
of distance flown, to map scale, per interwval of elapsed time. Each bomber
scale was calibrated for two conditions, long-distance operation and maximum
speed, both at low altitude. The latter calibration was used during the
last hour before target for the TU-4 and the last 300 nautical miles before
target for the IL-28. Each interceptor scale was also calibrated for the

following two operating conditions:
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Condition 1 Condition 2
Climb power Military Military
Cruise~out altitude Optimum 5000 feet
Combat power Military Military
Return to base Long-range cruise Long~-range cruise

These interceptor scales included, in additlion, a four-minute time delay
from scramble order until the interceptor was sirborne to allow for such
things as taxiing and engine warm-up. An extreme radius was indicated on
the F-86D scale which sllowed for five minutes of combat. (Each attack by
an interceptor on & bomber was assumed to last five minutes.) The F-89D
scele indicated radius limitations for five, ten, and fifteen minutes of
combat.*

The actual point at which each interceptor intercepted the bombers
was found and indicated on the map, using the rules in Chapter II and the
following method. On each bomber route the positions of the center of the
bomber formation at ten-minute intervals" were marked, the zero point
being at the position of this center at the time of first detection of
the formation.**' The point of interception by any scramble could then
be found by using the scales as follows:

1. The bomber scale was placed along the bomber route with the zero

point at the location of the bombers at the time of the interceptor

*
The F-89D was assumed to be armed for two passes and fueled for three.

L 5
These distance intervals corresponding to ten minutes of bomber flight
were defined as ®"battles.®

E = %
This first detection occurred at the McGill Line for those routes from

tt;enorth over Canada, and at the edge of contiguous radar cover for all
others.
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scramble. Each time on the scale then showed the location of the
bombers at that time after scramble. (The scale was pivoted
about turns in the bomber track if necessary.)

2. The zero point of the interceptor scale was placed at the inter-

ceptor bage.

3. The interceptor scale was pivoted about lts origin to the point

on the bomber route at which the times on the two scales ccincided.
This was called the interception point.
Figures 14 and 15 demonsirate the use of the scales.

Because the time from first warning until the bombers resched target
was 80 much longer in the Midwest than on the East Coast, it was found that
many interceptors were able tc attack bombers entering the East loast area,
return to base, and be reassigned to bombers entering the Midwest. This re-
cycling of intercepiors also occurred within the kast Coast area itself, as
a result of the differing speeds of the two types of attacking bombers. It
was assumed that manpower limitations at the interceptor bases limited the
number of returning aircraft which could be handled simultaneously. This
number wes taken to be four per squadron, and the "turm-around" procedure
was presumed to require 20 minutes from touch down to availability for
scramble for each group of this size. If more alrcraft returned for re-
assignment they were delayed accordingly. The effect of these recycled
aircraft had not been considered in the original estimate of attrition.

After the interceptors had been vectored, the number of control channels
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% * %
available for each "battle" was read from curves which estimated this

number as a function of depth of penetration into contigucus cover. The
nurtber of control channels available determined the number of interceptor
elements which could be controlled and also the type of control to be used.
If enough control channels were available, all interceptors were assumed
to be close-controlled. If not, all but one director were used for close
control, this cne being used to broadcast-control any superfluous F-£9D's,
The single-place F-86D's were never broadcast-controlled, but were held

back until enough control channels were available for their close control.

Tabulation of Parameters
The following parameters were then tabulated for use in the calcula-
tions to be described in Chapter 1IV:
1. The mumber and type of bombers entering the ZI on each bomber
path
2. The proportions of the bombers in each track wnich were briefed
to follow each branch of a track split
3. The number of bombers originally briefed for each target
4+« The total number of each type of close-controlled interceptor

entering each battls

*
A distance interval corresponding to ten minutes of bomber flight was
defined as & "battle."

%%
These curves were obtained by assuming, for each srea, several typical

bomber routes into the area and superimposing upon them a map of the areas
of responsibility of each radar. Thus the control capacity available, per
ten-mimute battle, could be determined as a function of depth of penetration
into contiguous cover. The values for the various routes within one area
were averaged and the results used to plot the curves.
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5. The number of F-83D's entering each battle on broadecast control

or uniform broadcast control.

Strike 11

Offensive Force Arriving im ZI 200 TU-4's and 150 IL-28's.

Bombs Arriving in 21 300 100-KT bombs.

Targets SAC bases, Washingtion, D.C.,
and urban industrisl concentra-
tions.

Attack Type Low altitude, daytime.

Defense Strength Bagic for 19%6.

Estimated Attrition 20 percent.

The assumed attrition for the second strike was raised to 20 percent
in an attempt to include the effects of the recycled interceptors, better
estimates of interceptor effectiveness, and better estimates of the number
of aircraft actually engaging in combat. The bombers were assigned as
before, except that in order to determine the effect, if any, of assigning
pure or mixed forces, & pure force of Il-28's was assigned to targetis on
the BEast Coast. The number penetrating was based on the number of aiming
points in tﬁe arsea and an estimate of the number of killsg expected in the
area. The remaining mixed forece was assigned to sections of the Midwest
in proportion to the number of aiming points in the section. The IL-28's
wore sent to the section around Chicago and the TU-L's were sent to the
remaining aiming points. In some cases extra bombers were sent to those
aining points with a large amount of local defense. 1In other respects
the strike technique wes the same as for Strike I. The {inal attack list

consisted of 209 urban industrial concentration aiming points in 66 cities,
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including Washington, D.C., and 29 SAC bases. The boxber routes and targets

selected are shown in Fig. 17.

Strike II1

Offensive Force Arriving in ZI 193 TU-4's and 150 IL=-28%sg.

Bombsz Arriving in ZI 294 100~KT bombs.

Targets S4C bases, Washington, D.C.,
petroleum targets, steel targets
and urban industrial concentrations.

Attack Type Low altitude, daytime.

Defense Strength Basic for 1956.

Estimated Attrition 25 percent.

Using the same method of allocating bombers es was used in Strike I1I,
IL-28's went to the East Coast, a mixed force to the Midwest, and TU=4's
to all other targets. The final attack list consisted of the top 48 steel
aiming points, the top 82 petroleum aiming points, 29 SAC bases and 62
urban industrial concentration aiming points in 28 cities.

In this analysis 1t was agsumed that the Soviets attempted to eliminate
the additional attirition due to recycling of interceptors within the Mid-
west ares and betwesn the East Coast and Midwest. In order to accomplish
this, bomber routes to both areas were timed so that they crossed the edge
of contiguous radar cover, rather than the first detection line, simltaneously.
Otherwise the technique was the same as for Strike I. The bomber routes and

targets are ghown in Fig. 18.

1958 STRIKES (IV, V, VI, VII, VIII, IX, X, XI)

Strike IV

Strike IV of the 1958 serles was very similar to the 1956 strikes in
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method. In the following description, the sections dealing with method

will deseribe only those aspects which differ from the 1956 strikes.

Offensive Force Arriving in 21 40 Type 31's and 330 IL-28's.
Bombs Arriving in 21 One 100-KT bomb per bomber.
Targets SAC bases, Wasghington, D.C., and

urban industrial concentrations.

Attack Type Low altitude, at night.
Defense Strength Basgic for 1958.
Estimated Attrition 50 mrcent.

Soviet Activity

The selection of the targets was done much the same as in the 1956
railds. An estimate of 50 percent overall attrition was made, which meant
that 185 bombs could be delivered on target. These bombs were assigned to
the 29 SAC bases, 3 Washington, D.C., aiming points, and 153 urban industrial
concentration aiming points. In assigning bombers to the targets, an effort
was made to avoid recycling of interceptors by sending bombers of only ons
type into each area and by timing all bomber groups going into a particular
area so that they reached each fighter area simultanecusly.

Assignmment of Type 31's-=-All the SAC bases except Limestone were attacked
with Type 31's either because the high cruise speed of the bomber at low
altitude allowed less warning and thus less chance for evacuation or because
the long range of the Type 31 was needed in order to reach the target. Since
the Omaha area included some SAC bases which were attacked by Type 31's, the
urban industriel concentration targets in the area were also assigned Type
3's.

In areas where attrition from interceptors was expected, 50 percent more
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bombers were assigned. Where local defenses existed, extra bombers were
also assigned. The assignments described above made use of the entire

force of Type 31's assumed available.

Agssignment of IL-28'g
Since the remaining targets could be attacked only by Il~28's the

range limitations of the IL-28 became quite important. Coming into the

ZI at low altitude instead of optimum cruise altitude reduced this maximum
raenge from 1165 nautical miles to 530 nautical miles. Thus the total range
of the system (TU-4 carrier plus IL-28) was /365 nautical miles.*

Free targets within the low-altitude range were assigned one IL-28
per aiming point. Targets in the Los Angeles area were within this range
and were assigned 25 IL-28's, to account for 11 aiming points and an
estimated 6 kills by area defenses and & kills by local defenses.

Many of the deeper targets in the Midwest could not be attacked by
the IL-28's. The early warning from the McGill line would have enabled

interceptors to reach the TU-4's before they could get within 530 nautical

*This range could be extended by flying the IlL-28's some distance into
the ZI at optimum cruise altitude using a lower fuel consumption rate,
and then approaching the target at low altitude. However, the high
altitude portion of the IL-28 flight would increase the attrition because
of better intercepior radar performance at high altitude and conseguent
higher interceptor effectiveness. The formula used for the maximum
distance, d, which could be flown by the I1.-28 at low altitude was

d.—_—l‘-léi;_L

1.2

where p = the distance in nautical miles from the uncoupling point to the
target. This equation applied only when p was greater than 530 nautical
miles.
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miles of the target to release the IL-ZB's.“ These targets were removed
from the list and replaced by targets which were within the range of the
bombers although less valuable. |

On the East Coast all of the aiming points, except those around
Washington, D.C., were within the range of the IL-28 bombers. Because
Washington, D.C., had a high priority in the enemy's strategy, it was
assumed that in order to reach it the Il-28's would fly some of the dis-
tance at optimum cruise altitude and then approach the target at low alti-
tude. The penalty paid by the Soviets for this action would be an increase
in attrition during the high altitude portion of the flightf* The final
attack list for this strike consisted of 29 SAC bases and 156 urban in-
dustrial concentration aiming points in 48 cities. Bomber routes and

targets selected are shown in Fig. 19.

Action by the U.S. Defengeg
The action of the defense was simulated by the same methods as before,

except for the follewing changes.

In attempting to vector interceptors to the various bomber groups, the
actual number of control channels avalilable during each ten-minute battle
was considered. This information was obtained from & map of the "areas of
responsibility" of the radars which was superimposed over the strike routes.
When more than one bomber group was present in the same radar control area,

the available control chennels were divided between the groups in proportion

»*
It was assumed that the release of the IL-28's should take place at
least 10 nautical miles before the first possible intercept by the defense.

"
These IL-28's were attacked by F-102's only.
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tc the number of interceptor elements assigned to the groups. Interceptors
which had been assigned to & particular bomber group were not secrambled
until assured of available control channels at the intercept point. The
F=102's which were armed with atomie warheads, because of their greater
effectiveness, were given first priority in the use of control channels
and were always sent on close control. F=102R's without atomic warheads
had next priority, but, being the last two scrambles in each squadron, were
usually not available in time to reach the bombers. F-89D's were not vec-
tored until all the F-102's entering the particular battle segment had
been or were belng used and conirol channels were available, or until 15

or more F-89D's had accumulated. These latter F-89D's, for which there
were insufficient channels to be close-controlled, were then broadcast-
controlled.* Three units of control were needed for brosdcast controlling
any number of these interceptoers. F-86D's had last priority on control

¢hannels.,

Tabulation of Parameters
In 1958 the assumed effectiveness of the local defenses had increased

enough to require that their effects be included in the calculations of
results. A tabulation of killa due to local defenses was made for each
target which was so defended. This tabulation was included in the tabula-
tion of parameters which has been previously 1listed and which was used as

an input to the calculations discussed in Chapter IV.

*

Fifteen F-89D's on broadcast control using 3 units of control were
approximately equal, in effectiveness, to three F-102 passes, which
required the same amount of control capacity.
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Major Changeg in Technology Philoso

The results from the calculations of the first four strikes now became
available. It was discovered that for these strikes the overall éttrition
estimates, upon which the target selections had been based, had been con-
sistently:too low. The estimate in the 1958 strike, Strike IV, had been
especially low. The attrition had been guessed to be 50 percent but the
final results showed that actually 86 pércent of the bombers were destroyed
before the bombs could be dellivered on target.

This difference was due in part to the assumed lack of Soviet informa-
tion on U.S. interceptor availability, interceptor effectiveness, and radar
control capacity. However, the offense planners had, themselves, increased
the atirition by selecting targets with the assumptlon in most cases that
the percentage attrition which would be suffered by the bombers was the
seme for each aiming point atiacked. On this assumption the aiming points
had been selected in the order of their Importance, with no regard for
geographical considerations. The result was that the bomber force was
too spread out. It was subjected to almost all the U.S. defense forces
and suffered a high attrition rate. This high attrition on the Soviet
force resulted in achievement of a relatively small amount of target damage.

For the later analyses it was assumed to be more reasonable that the
Soviet information should include the three factors mentioned in the para-
graph above. It wag also decided that more careful attrition estimates
and choice of targets, perhaps based on resultis of a set of map exercises
gimilar to those described here, should be assumed on the part of the
aoffense.

The fixed-force type of composition used in all previous strikes was

alsc seen to have Imposed a severe penalty om the Soviet offense force in
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terme of total value destroyed. In Strike IV, for instance, many important
targets were not within the restricted range of the IL-28's and could not
be assigned a Type 31 because of the limited number available. These targets
had to be deleted from the offense target 1ist and replaced by targets of
lesser importance which were within range. It was assumed that if the Soviets
had planned this particular raid sorme years ehead the same capability which
had been used to build and maintein the 330 IL-28's and 40 Type 31l's could
haeve been used to build and maintain any mixture which was equivalent in
cost'll and more appropriate to the attack/being considered. It was declded,
therefore, that the strike force composition could be variable and should
be based on the requirements of the particulsr targets under attack.

The rest of the 1958 strikes incorporated the changes described above,
in sddition to other refinements. The general procedure followed in ana-
lyzing these strikes is outlined below.

A. Determination of offensive and defensive force sizes

B. Soviet activity

1. Selection of target airategy

*
The conversion procedure was based on cost figures for bullding and
maintaining the three types of bomber aircraft.

Cost of Type 31
Cost of IL-28 (including carrier)

1.29

C [ -28 cluding carrier

Cost of TU=4 = 1.17
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C.
D.

E.

ike V

2. Estimate of atirition
a. Division of the U.S. into geographical areas
b. Selection of bomber routes to representutive targets
1n each aresa
c. Estimate, for each area, of expected kill potential
due to both interceptors and local defenses
3. Temporary selection of targets, assignment of bombers, and
selection of bomber routes ,
Action of the U.S. defenses
Revision of target 1ist to final form

Tabulation of the parameters to be used in the final calculations

Offensive Force Arriving in ZI 280 JL-28's and 78 Type 31's.

Bombs Arriving in 21 One 100-KT bomb per bomber.

Targets SAC bases, patroleum targets,

and steel targets.

Attack Type Low altitude, at night.

Defense Strength Basic for 1958.

Estimated Attrition 66 percent.

17 natio F Size

The

sizes of the basic offensive and defensive forces and the defense

weapon deployment for 1958 as given in Chapter I were used. The stockpile

*

Because of the assumption that the Soviets may have done similar map
exaerclises previous to the attack, the results of step C were considered
availeble for use in the final selection of targets. Steps B-2 and B-3
were therefore assumed to be only first steps in the selectlon of targets.
The final target 1ist resulted from step D.
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of 556 TU-4's briefed by the Soviets was to be converted into an eguivalent
Type 31 and IL-28 force to fit the needs of the target strategy chosen.

Each bomber carried one 100-~KT bomb.

Soviet Activity
The strategy assumed on the part of the Soviets for this strike was

an attack on SAC bases, petroleum, steel and some urban industrial con-
centrations.

The amount of information given/to the offense commander to make his
decisions was increased for this strike. It was assumed that intelligence
sources available to the enemy would be able to give him, at least partially,
information on:

1. Interceptor availabillty as a function of time after initial

detection.

2. Estimates of interceptor effectiveness in desiroying bombers.

3. The pumber of radar channels available for interceptor control.
The information listed above was included in the offense's estimate of
attrition for this strike in the following way.

The defended region of the United States was divided into six areas;
the Midwest area, the East Cosst area, the St. Louls area, the Omaha ares,
the Los Angeles area, and the San Francisco area. Fach of these was ex-
amined separately to determine the number of bombers which the defense
forces could destroy if a group of bombers entered the area. This number,
called the "kill potential," was determined by choosing bomber routes in
each area leading to representative targets, then estimating the number
and type of Interceptors which could attack the bombers. An estimate of

the number of interceptors from each base which could get into battle was
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made by actually vectoring some of the fighters. An attempt was made to
include the effects of cvailable contrel capacity in this estimate. The
number of bombers expected to be killed, BK, by & given number, @, of a

particular type of lntercepitor was given by the formula

?Kzﬁxg
vhere @ = the number of interceptors attacking
Kﬁ = the effectiveness of the interceptor
Approximations of iﬁtercéptor effectiveness, Kﬁ’ were computed by the
offense on the basis of the component effectiveness numbers given in

%
Chapter II, using the fecllowing equation.

Kg = gy Pdcl DPyp * Ygy, Pdc2 DPyy, vy, (1-D) Pdcl Peg)

2

tu, w® Py DRy [ D Pdcl (1-Pk¢) (1-p; Py, )

3 2

+ (1-p; Pdcl) (1-Dy Pdcz Pkg)]

The eguaticn above describes the case of an interceptor armed for two passes
and fueled for three. All cases used in 195€ are included in this equation.
The first term gives the effectiveness for the one-pass case. The first
and second terms together describe the two-pass case. Where Pdcn terms
occur they signify the use of the value of Pdc corresponding to the type

of control (close or broadcast) used for the nth pess.

*
Prp and Pk¢ in this estimate were taken as averages of the values for

one and two interceptors attacking a bomber.
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Example: F=-102R {without atomic warheads) vs IL-28 (two passes on close control)
Ky = (.86)(.92)(.8)(.35) + (.86)(:92)(.8)(.35) [1-(.84)(.92)(.20)] = w04

Effectiveness,gﬁﬁ

e _of ercepto Type of Attack : v I11-28 vs Type 321
F-86D One pass, close control .028 .059
*
F-g9D One pass, close control .18 .38

plus two passes, broad-
cast control

L 3 *

F-89D Two passes, broadcast .081 17
control

F-102R Two passes, close <40 67
control

F-102 (with atomic Two passes, close l.22 1.26
warheads) control

The values of interceptor effectiveness in the above list were used to
determine the number of bombers expected to be killed by interceptors. The
kills by the local defenses were obtaired directly from the local defense
component effectiveness numbers shown in Chapter II, using the equations
for locasl-defense effectiveness given in Chapter IV. The sum of the kills
by both local and area defenses gave the total "kill potential" for each

section of the country. The estimates for this strike weres:

Aren Bogbers Destro
Midwest 184
East Coast 119
St. Louis 15

»
For estimates of broadcast control cases, average valuesof Pdc were used

which depended upon the average size of the bomber formation under attatk and
whether the track was over land or water. The values listed here are typical.
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Area Bombers Degtrcyed
Omaha 4
Los Angeles 18
San Francisco 8

Although this concept of kill potential was independent of the variocus
combinations of number of bombers, number of interceptors, and available
control capacity possible in each battle, it was considered s reascnable
assunption for the first try ;¥ choosing the targets.

These estimates were then used in the selection cof targeis and the
resulting cholce of bomber force compogition. Such a large number of
petroleum, steel, and SAC targets were located in the South, reguiring
Type 31's to re;ch them, that the remaining force of bombers was too small
to enter profitably both the East Coast and Midwest. Upon comparison of
the concentration of targets in the areas, the Eaxst Comsst arez was slimi-
nated from the list of targets to be attacked.

A temporary assignment of bombers to targets was then made. Type 3{
bombers were sent to the southern targets. They attacked frcm the south
and thus minimized warning to ths targets. One bomber was assigned to each
aiming point in the petroleum, steel, and SAC target lists. For this strike,
the SAC target list was modified to include only free SAC bases or those in
areas which would be entered to attack petroleum or steel.

Az the bombers were assigned to the ailming points, a rumning total was
kept of the bombers used. The kill potential of an area was added to the
1ist of bombers used at the time the first aiming point in the area was
assigned a bomber. The assignment of bombers to petroleum, steel, and

SAC targets did not make use of the entire bomber force. The remaining
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alming points were chosen, in order of value, from those urban industrial
concentration targets which were either free or in defended areas which
had already been selected to be bombed because of the presence of either
petroleum or steel targets.

The temporary bomber assignment described above resulted in a bomber
force composition of 280 IL-28's and 78 Type 31's. The estimated attrition
was 66 percent. The targets selected to be bombed included 63 petroleum
aiming points, 17 steel aiming points, 24 SAC bases, and 19 urban industrial
concentration aiming points in 7 cities.

The next giep was to determine the number of bombsrg entering the ZI
briefed for each particular target. For each target the number of aiming
points under attack and the expected kills due to local defenses were
determined. Their sum was taken to be the number of bombers required to
enter the local defense region. Then, starting with this number and working
from the target back along the bomber route, the expected kills due to interw
ceptors in each track segment were added. At any specified point the total
then represented the number of bombers which should survive all the air
battles preceding this point. Whenever a segment of the route was shared
by bombers of more than one group (i.e., going to more than one target),
the kills expected along that segment were distributed (added) to the groups
in proportion to the mumber of bombers in each group. The total obtained
for each target after working back to a point before the first air batile
was taken to be the total mumber of bombers which were required to enter
the ZI briefed for that target.

The choices of bomber routes to the targets were done as ln the preceding

raid except that the bombers going to the Midwest were kept out of the sections
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controlled by the Lincoln Transition System as long as possible, because of

the greater control capability of this system.

Action of the U.S. Deferges

The commitment policy and vectoring procedure used in this strike were

identical to those used in the preceding strike.

Revision of Target List
After the assignment and wvectoring of all interceptors was completed, a

check was made to see 1f the number of interceptors and interceptor passes
and the control capacity were actually the same as assumed by the Soviets in
the original kill potential estimates listed on p.13l. The check on the
estimate of the pumber of interceptors present was necessary because of the
possibility of recycled interceptors and of additional interceptors from
areas not bombed (East Coast) being sent to attack the bodbers.

If any increase in kill potentisl due to these factors was found, it
was to be accounted for by reducing the number of aiming points attacked.
A number of the lowest-valued urban industrial aiming points equal to the
total additional kill potential would then be removed from the target list.
In this particular strike no additional kill potential was found. The
target list remained as shown on p. 133 The targets and bomber routes

gselected are shown in Fig. 20.

Tabulation of Parametersg

The results of this strike were tabulated as in the preceding strike.

The following ralds in the 1958 time period were analyzed in the same
way a8 Strike V. The varlations between strikes were in the offense size,
the choice of targets, and the strength of the defense. Only these differ-

ences are outlined for each of the remaining raids.



4 1L-28"s

CALE —NAUTICAL MILES

|74 1L-28's

6 1L-28's

/
y 7
//
; / /
{5 \
“ N ¥/
v O\ \
\ \
\
\ \
\ \
AN /

28/

3| type 31's . v

e Petroleum,steel and
urban industrial concentraotions

o SAC boses

Local defense battie areas

———/{nterceptor battle oreqgs

Fig. 20— Strike X 1958
Steel and petroleum

1

7
%

-28's

| 75#iL




RM-1166
1-5-54
136

Strike VI

Offensive Force Arriving in ZI
Bombs Arriving in Z1

Targets

Attack Type
Defense Strength

Estimated Attrition

239 IL-28's and 110 Type 31's.
One 100-KT bomb per bomber.
SAC bases and urban industrial
concentrations.

Low altitude, at night.

Bagic for 1958.

69 percent.

Strike VI is considered to be the baslc case for 1958. The stirategy
used was to attack urban industrial concentration targets and those SAC
bases which were either free or in defended areas which would be entered
anyway because of the presence of the urban industrial concentration
targets.

The procedure of selecting targets established a force of 239 IL-28's
and 110 Type 31's arriving at the ZI. These bombers were assigned to B4
urban industrial concentration aiming points in 29 cities, and 25 SAC bases.
Due to the large amount of attrition, the bombers could not enter both the
East Coast and Midwest. The Midwest was chosen for the attack because of
its greater concentration of high-valued targets. The bomber routes and

targets selected are shown in Fig. 21.

Strike VII

Offensive Force Arriving in ZI 469 IL-28's and 228 Type 31's.
(The force briefed was equivalent
to double the basic force.)

Bombs Arriving in 21 One 100-KT bomb per bomber.
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Targets SAG bases and urban industrial
concentrations.
Attack Type Low altitude, night.
Defense Strength Basic for 1958.
Estimated Attrition 66 percent.

The offense force in this case was large enough to permit the attack
of both East Coast and Midwest. The targets selected were 28 SAC bases
and 212 urban 4ndustrial concentration alming points in 68 cities. The

targets and bomber routes selected are shown in Fig. 22.

Strike VIII

Offensive Force Arriving in ZI 294 I1-28's and 68 Type 31's.

Bombs Arriving in ZI Cne 1O0O-KT bomb per bomber.

Targets SAC bases and urban industrial
concentrations.

Attack Type Low altitude, night.

Defense Strength Double the basic force size
for 1958.

Estimated Attrition 80 percent.

The targets selected were 17 SAC bases and 57 urban industrial con-
centration aiming points in 16 cities. The targets and bomber routes

chossn are shown in Fig. 23.

Strike IX
Offensive Force Arriving in ZI 251 IL-28's and 101 Type 31's.
Bombs Arriving in ZI One 100-KT bomb per bomber.
T#rg@ts SAC bases and urban industrial

concentrations.
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Attack Type Low altitude, night.

Defense Strength Basic size for 1958 with
approximately 50 percent
effectiveness.

Estimated Attrition 63 percent.

This calculation was made to determine the results of a gtrike in
which the defense force was approximately half as effective as has been
assured for the preceding 1958 cases.

The bomber force attacked 22 SAC bases and 108 urban industrial con-
centration aiming points in 35 cities. Targets and bomber routes are

shown in Fig. 24.

Strike X

Offengive Force Arriving in ZI 482 I1L-28's and 218 Type 31's.
(The force briefed was equivalent
to double the basic force.)

Bombs Arriving in ZI1 One 100-KT bomb per bomber.

Targets SAC bases and urban industrial
concentrations.

Attack Type Low altitude, night.

Defense Strength Double the basic force for 1958.

Estimated Attrition 81 percent.

Both offense forces and defense forces were doubled for this strike.
The bomber force attacked 20 SAC bases and 112 urban industrial concentra-

tion aiming points in 38 cities. Fipgure 25 shows the selected targets and

bombing routes.

CONFIDENTIAL
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Strike XI
Offensive Force Arriving in 21 215 IL-28's and 129 Type 31's.
Bombs Arriving in Z1 One 5-MT bomb per bomber.
Targets SAC bases and urban industrial
concentrations.

Attack Type Low altitude, night.
Defense Strength Basic for 1958.
Estimated Attrition 74 percernti.

Strike XI was calculated in order to estimate results of using 5-MT
bombs instead of 100-KT bombs. The targets attacked were 19 SAC bases
and 71 urban industrial concentrations in 56 cities. The urbar industrial
concentration aiming points were from the target list for 5-MT bombs. The

targets and bomber routes are shown in Fig., 26.

1960 STRIKES (XIT, XIII, XIV, XV, XVI)

The Soviets were assumed to have available in 1960 a basic force of

1686 intercontinental subsonic¢c guided missiles similar to the U.S. Snark.
An slternate basic force of 57/ manned bombers similar to the proposed
long-range B-47 (B-47X) was also investigated in one strike, Strike XV.
Each of these forces was regarded as equivalent in cost to 654 TU-4's.

With either of these threats the Russians were considered capable of
diverting part of their effort to deccy missiles (of the type described

in Chapter I) and their carriers. These decoys would accompany the bomb
carriers, and were presumed to be such that the defense forces could not
distinguish them from the bombers execept by visual recognition. It was
postulated that, due te guidance limitations, only 50 percent of the decoys

which survived the area defenses would penetrate the local defense regions
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for which they were intended.

An attempt was made to optimize the force composition for each strike
so that each given target complex with a given defense strength could be
destroyed at a minimum cost in bomb carriers and decoys. In this way a
maximum number of targets could be attacked with the available force.

This was dorne by the repetitive process ocutlined below.
A. Determination of offensive and defensive force sizes
B. Description of Soviet activity
1. Selection, in order of worth, of an arbitrary number of
aiming points
2. JSelection of missile routes to the target complexes
3. Estimation for each target of the kill potential due to
local defenses
4. Estimation for each track of the kill potential due to area
defenses
5. Deteruination of the mumber of bomb carriers and decoys
needed to be sent to target complexes so that the number
of equivalent bomb carriers sent to each target complex
would be a minimm
6. Comparison of the required force with the available force
7. Repeat steps 1 through 6 until the required force is
» approximately equal (within 5 percent) to the available
force

Becausa of the anticimted improvement of SAC evacuation plans by 1960

and the larger amount of warning available from the assumed 1960 radar net,

it was hypothesized that the Soviets would not include SAC baszes in the ZI
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in an attack of this type in 1960. The SAC bases were consequently elimi-
nated from the target list. The target strategy used in all l960»strikee
was an attack on the urban industrial or "value-added" targets.

The action of the U.S. defenses against the 1960 strikes is described
in detall in the sections under Soviet activity. No other calculations of
attrition were made since the estimates as assumed to be made by the offense
in order to distribute missiles were found to be accurate enough estimates
of the nuabers of missiles surviving,

The same methods and procedures were used for all five strikes in 1960.
Only the first strike will be described in detail. The ways in which the

others differ will be discussed later.

Strike XII

Offensive Force Arriving in ZI 389 bomb-carryling guided missiles
{similar to Snarks) and 2052
decoys.*

Bombs Arriving in ZI | One 5-MT bomb per bomb carrier.

Targets Urban industrial concentrations.

Attack Type 50,000 feet, at night.

Defense Strength Bagic for 1960.

Estimated Attrition 85 percent.

(Of bomb carriers)

» .
A comparison of costs to bulld and maintain bomb carriers and dsco
systems, including carriers, gave the following ratio: cost of decoy/cost

of missile = E%gg . The ratio, cost of TU-4/cost of missile = 2.57 was

used. Due to operational aborts, only 70 percent of the total committed
force was assumed to arrive at the ZI. The force arriving at the ZI could
have been any mixture between a& pure force of decoys (some 3060) or a pure
force of bombecarrying missiles (some 1180).
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Determineticn of Force Sizeg

The basic offensive and defensive force sizes and the defense weapon
deployment for 1960 as given in Chapter I were used for this strike. The
stockpile of 654 TU-4's was converted into an equivalent force of guided
missiles and decoys. The composition of this force was tc be determined
by the needs of the target strategy. Each bomb carrier carried one 5-MT

bomb .

Soyiet Activity
As a first guess, the top 50 urban industrial aiming points were se-

lected from the 5-MT target 1ist. Routes to these aiming points were then
chosen according to the same criteria as was used in the preceding sirikes.
To insure destruction of the more valusble targets, bomber missiles over

and above those necessary because of attrition were assigned te the alming

peints using the following chart:

Value of Aiming Point Nurber of Bomb Carriers Assigned
(In millions of dollars) per Aiming Point

less than 370 1

between 370 and 1000 2

greater than 1000 3

The local defense kill potentials were then computed using the effective-
ness numbers given in Chapter II and the equations in Chapter IV. When the
kill potential was known, the optimum numbers of bomb carriers, §,, and
decoys, D&, which should enter the lccal defenses ac that a given number of
bomb carriers, Rz, would be expected tc survive were computed from the

»
following equations:

*
These equations were determined from a minimization of the total cost to
the offense of attaining the expected number of surviving bomb carriers, RL’
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expected number of missiles killed by the local defenses

the ratio of cost of a bomb carrier to cost of a decoy (plus

its portion of a decoy carrier)

T ratio of bomb carrlers sent to decoys sent.

L
Because of the assumption that, due to navigationel errors, only 50 percent
of the swrviving decoys would enter the local defenses, D% was then doubled.
The resulting numbers of bomb carriers and deccys were summed for those which
shared a common track through the area defenses. This gave the total numbers
of missiles for each track, BL and DL’ that should gurvive the ares defemnses.

The numbers of each type of missile which should enter the area defenses
so that B and D; would be realized were based on the atirition due to the
area defenses. In order to deternine the area kill potentlals, the U.S. was
divided into three parts, the East Coast, the Midwest, and the Los Angeles
area, each of which was treated separately. When more than one track pene-
trated one of these regions, it was assumed that the defense could assign
the area defense weapons in such a manner that the kill potentisl would be
divided in proportion tc the total numbers of missiles in each stream.

The F-102 and the F-102R were the only types of interceptors used
against the 1960 strikes, but Bomarc missiles were included as area defense

weapons. The Bomarcs which could reach the streams were dispatched as soon
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as the bombers entered the Lincoln system, and the interceptors were vectored
by using elapsed-time-of-flight scales under the same rules that were applied in
the 1958 analyses. When the interceptors and Bomarc missiles had been assigned

the area kill potentials for each track were computed from the equation:

Bg = B0z ¥'gro2 * Y02k X g0k * P

where
me = area defense kill potential against the track {(i.e., the

mmber of missiles and decoys destroyed by area defenses)
n¢102’ nﬁlazn =.total number of passes against the track by F-102 and
P-102R aircraft, respectively
1 1 p—=4 - -
K #102° K #1028 probability that one pgsg by an F-102 or F-102R destroys
a misaile or decoy
By = expected mumber of offensive missiles and decoys in the
track destroyed by Bomarc missiles
The value of nﬂ per interceptor depended upon both the battle time availa-
ble to the interceptor before bomberelease time and the distance it traveled in

reaching the missile stream. The values of K! and K'¢102R were computed using

102
the assumptions listed in Chapter II and the following equation (where the parame-
ter values for the respective interceptors should be inserted):
K'g102 * E'gro2n = %ab fae ? Py *

This simple expression results, when the difference between the walue of u, and
unity is neglected, becauss the interceptors were arméd for all passes for which
they were fueled and Phﬂ was zero. K'¢-for the F-102 and F=-102R was found to be
0.67.

Estimates of Bomarc missile effectiveness were made for each type of
Bomarc, the F-994, the F-99B, and the F-99C. For each Bomarc launched,

the probability of destroying an offensive missile was calculated from
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the equaticons given In Chapter IV. Then Dy, WS computed by summing thess
prcbabilities over all Bomarcs launched in the aresa.

It was assumed that the Soviets would expect the defense to assign area
defensive kill potential in proportion to the number of missiles entering
the ZI on each track and that they would determine the number of missiles
to be sent per track accordingly. To do this they would calculate the
murber of missiles required to enter the local defenses for each target and
assume that the ratio of misgsiles sent to missglles entering local defenses
was the same for all tracks. This is equivalent to the assumption that
interceptors are distributed against each track in proportion to the number
of missiles entering the ZI. Sinece each track had both bomb carriers and
decoys, the kill potentials in each track were spread between these two
according to the ratio of the two types present. The following equations

were used to compute the numbers of missilea which should enter the area

gefenses.
K
A
B, = B 1+
AT kL By * D
D, =D 1+ %
A~ "L B * D
where!

ﬁA = rumber of bomb carriers entering the area defenses on a
particular track

nurnber of decoys entering the area defenses on a particular

b!:’
n

track

nunmber of bomb carriers which should survive the area defenses

BL
on a particular track
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number of decoys which should survive the area defenses on a

B

partlcular track

KA area kill potentisl for the track

As a result of the procedure above it was discovered that if the first
50 aiming points were attacked the bomber force would be too spread out and
would absorb most of the local and area kill potentlals in the three areas
of the country. By eliminating the East Coast and attacking more aiming
points within the other two areas, more damage per equivalent bomb carrier
could be achieved. The choice of targets was changed accordingly and the
procedure for determining the equality between the "needed force" and the
"available force" was repeated several times in successively closer approxima-
tions to a maximun damage potential. When the 1180 equivalent bomb carrier
capacity was reached, the target complex attacked consisted of 48 aiming
points in 28 cities, centered around four major cities, Chicago, Detroit,
St. Louis and Los Angeles. The targets and misslle routes selected are
shown in Fig. 27.

As has been stated, no other calculations of the air battles were made
for the 1960 strikes. The estimates assumed to be made by the offense in
order to distribute missiles over the targets were found to provide suf-

ficiently accurate estimates of the numbers of bomb carriers surviving.

Strike XIII
Offensive Force Arriving in ZI 411 bomb-carrying missiles and

1979 decoys.
Bombs Arriving in 21 One 100-XT bomb per bomb carrier.
Targets Urban industrial concentrations.

Attack Type 50,000 feet, at night.
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Defense Strength Bagic for 1960.

Estimated Attrition 84 percent.
(For bomb carriers)

The analysis methodology used for the gecond rald was ldentical to
that of the first. The bomb size was changed from 5 MT to 100 KT and
the target list was accordingly changed. The St. Louls area was omitted
for the same reason that those targets on the East Coast were omitted in
Strike XII.

A total of 63 aiming points located in 18 éities were attacked.

The targets and missile routes used are shown in Fig. 28,

Strike XIV

Offensive Force Arriving in 21 627 bomb=carrying missiles and
1417 decoys.

Bombs Arriving in ZI One 100-XT bomb per bomb carrier.

Targets Urban industrial concentrations.

Attack Type 50,000 feet, at night.

Defense Force Bagic size for 1960, with
degraded (approximately 50
percent) effectiveness.

Estimated Attrition | 76 percent.

(For bomb carriers)

For the third strike a defense effectiveness degradation was applied
to both local and area defenses, thus making it possible and profitable for
the offense to attack targets in all three major areas using the 100-KT
target 1ist. 1In addition the San Francisco and Secattle areas were included
in the attack against the West Coast. In this raid 152 aiming pointse in 46
citles were attacked. The targeis and missile routes used are shown in

Fig. 29.
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Strike XV

Offensive Force Arriving in 21 213 B-47's and 1645* decoys.
Bombs Arriving in 21 One 5-MT bomb per bomber.
Targets Urban industrial concentrations.
Attack Type Low altitude, at night,
Defense Force Basic for 1960.
Estimated Attrition 92 percent.

Strike XV was the only attack in 1960 which considered the use of
B-47-type bombers coming in at low altitude. The target selection methods
used for this case were similar to those used in the other 1960 strikes.
The following equation was used to calculate interceptor effectiveness

for the F-102 (armed with atomic warheads).

_ 2 2. 2 2. 2
X102 ® Yas™ac | Fup, * Prp, * % PkbA(l'Dl Pao ) * PkbRDl Pae }

3 2 3 2. 2
t oy, PkbA [BDIPdc(l'Dlpdc) + (1-Dy74,) ] + 3 Py Dy Pye (l'Dlpdc)l
where

P = probability of kill of an astomic warhead

kb,

PkbR = probability of kill of one salvo of 108 small rockets.

All other terms are as defined in Chapter II.
The equation represents the effectiveness of an interceptor armed for

two passes with atomic rockets and one pass with small rockets, and fueled

4

The cost ratio assumed was cost of B-47/cost of decoy = 7.55. The
numbers of bombers and decoys arriving at the ZI include a degradation
for operational aborts. 25 percent were assumed to abort before reaching
the ZI.
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for four passes. The effectiveness of the F-102R armed for two salvos of
108 small rockets each and fueled for three passes was determined from the

same equations by replacing Pk}iby PkbR' The results were as follows:

K

Tyoe of Interceptor 1l pags 2 passes 3 passes 4 _passes
F-102 (atomic armament) +67 1.33 1.83 1.97
F-102R 48 94 1.04 -—

The East Coast was not attacked in this strike, but some targets which
required southerly approaches were. A total of 52 aiming points in 38 cities

voere attacked. The targels and bomber routes selected are shown in Fig. 30.

Strike XVI

Offénsive Force Arriving in ZI 597 bomb-carrying missiles and
1497 decoys.*

Bombs Arriving in Z1 One 5-MT bomb per bomb carrier.

Targets Urban industrial concentrations.

Attack Type 50,000 feet, at night.

Defense Strength Basic size for 1960, with degraded
(approximately 50 percent) sffective-
ness.

Estimated Attrition 76 percent.

(For bomb carriers)
This strike was analyzed by the same methods as the preceding strikes.
The degradation on the defense forces allowed the Soviets to attack all

three areas as in Strike XIV. A total of 131 aiming points in 91 cities,

L ]
Because of operational aborts, only 70 percent of the totsl force was
assumed to arrive at the ZI.
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chosen from the 5-MT target 1ist, were attacked. The targets and missile

routes selected are shown in Fig. 31.
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CHAPTER IV

ATTRITION AND DAMAGE CALCULATIONS

This chapter presents the methods and the equations employed in cal-
culating the atirition to the bombers and the damage to the U.S. targets
expected in these strike analyses. Numbers used in the mathematical models
were derived from the map exercises deseribed in the preceding chapter.

The outputs of the map exercises wers:

1. The number of bombs and bombers briefed to each aiming point or

target complex and the value of the aiming points.

2. The briefed bomber tracks (in geography and relative time) and

the number of bombs and bombers briefed to fly on each track
sagment.

3. The number and type of interceptors and area missiles intercepting

the bombers at each point along the bomber tracks.

4+« The number of control channéls and directors available at each

point along the bomber tracks.

5. The types and amounts of local defense weapons defending the

aiming points.
These outputs reflected not only the geographical constraints of components
of the defense system, but alsoc the constraints of time, vehicle performances,
commitment policy decisions, and the many other assumptions discussed in the
preceding chapters.

The attrition estimation was accomplished in two separate processes, the
attrition due to area defense weapons being computed first and that due to
local defense weapons being caleulated as a second atep. The complete order
of events was, then: map exercise, ares attrition calculation, local attri-

tion calculation, damage assessment. The outputs of each of these processes
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were inputs to all of those which followed.

The area attrition model was almost entirely determined by the need
to combine and reflect in an appropriate manner items 2, 3, and 4 abovs.

The requirements were (a) to show bomber kills in & manner which allowed
bombers that were killed to fall out of the attack within a realistic time
after being hit, and (b) to allow each interceptor and each missile a kill
potential cormmensurate with 1ts share of the total control capacity available
and its capability against the atbaéker in the given conditions. The methods
used in approaching these two problems are discussed in detail below. How-
ever, some general remarks are in order here.

A desirable approach to the bomber fall-out problem, assuming that it
were manageable from the point of view of labor, would be the Monte Carlo
method. This approach demands a high degree of autometicity in the model
manipulations if it is to be profitably employed. Because of the complex
decisions to be made at many steps in such a calculation, and because of
the lack of complete inslght into the many interactions within an air defense
campalgn, it was estimated to be impossible to mechanize the process profit-
ably. Hence each "play-through" of a Monte Carlo approach would have to be
done manuslly, and the labor would prohibi£ the completion of a useful
number of "plays." Instead of a Monte Carlo procedure, an expected-value
model was devised. In this model the bomber paths were divided into equal
time intervals, and each such interval considered as an air battle. The
expected number of bombers dropped from a stream in a given battle was given
by the equations presented below. The result of this procedure, applied in
turn to all battle intervals over the length of a bomber track, was taken as

the expected outcome of the area attrition.
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This procedure has two major shortcomings. First, the final outcomes
of the calculations may not coincide with those which would result from
the Monte Carlo method. Second, the technigue gives no indication of the
distribntion function of the overall attrition or bomb demage. Insight
into both these factors may be had via studies such as those reported in

(18) where the result of an iterative

RM-1094, 16) 116,27 ang re1219,
procedure such as that under discussion is actually calculated via matrix
multiplication, for specifiec types of attrition. However, no attempt has
been made to determine elther the expected error of the iterative technique
employed, or the form of the distribution function of the attrition. It

is felt, however, that the overall results, az discussed in the next chapter,
are accurate enough to be used as the basis for conclusions of the {ype of
interest.

Because all of the equations presented here follow in a stralghtforward
manner from fundamental probabllity theory, no derivations will be given.
The equations will merely be stated in the final form in which they were
used. As in Chapter II, each section will be broken up into the year or

years to which the specific procedures apply.

BOMBER ATTRITION

Attrition Due to Interceptors (1956)

As has been explained previously, the time during which the bombers in
& particular track were under attack by interceptors was divided into ten-
minute segments. This interval was picked because it was felt to be approxi-
mately the time required for nearly all of the bombers to fall which had been

dealt fatal blows at the beginning of the interval. In other words, no
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bombers which hed been fatsliy hit in one interval were ever carried into

the next. All of the fighters which reached the bomber stream during

each of these segments were considered as one group, and treated as though
ihey all arrived simultaneously. Each segment was thought of as one complete
"battle. "

The results of the first such battle along & track were computed and
the surviving bombers carried into the next battle. Thig iterative process
was continued down the track until either the interceptors had to break off
their engagements because of the presence of local defenses or the bombers
reached bomb-release line.

When a split occurred along a bomber track, it was declided which battle
was the first in which the defenses could recognize the split. This depended
upornn the nature of the split, bui was generally taken to be the first battle
after the centers of the groups of bombers were separated by about twenty
miles. Immediately after the split was recognized, the bombers surviving
the last battle before the split and any Interceptors carrying over their
attacks from that battle to the next were assigned to the separated groups
in the same ratic as the bombers were originally briefed for those groups.
Separate battles were then carried on for each arm of the track in the same
manner as explained above for the main track.

The number cof bombers entering a battle was defined to be (except for

the case of splits):
pn+1 = 5nBBSn

number of bombers entering nth battle

where ﬁn

probability that a bomber entering the nth

and PBS battie survives

that battle.
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In each battle, since there might be interceptors on close control

and/or interceptors on broadcast control,

g

=
2

2
BS 1“'%3“ "586"86‘”5"39"89] g g “ Ry

)
t

where ¢é6 = number of F-26D's on close control in the battle,*

= number of F-89D's on close control in the battle,

¢2 = number of F~89D's on their second pass in the battle,
and hence on broadcast control, which had originally
been on close control on their first pass,*

¢3 = number of F-89D's on their third pass in the battle, and
hence on broadcast contrel, which had originslly been on

*

close control on their first pass,

mmber of F-89D's in the battle which were on broadcast

e

control all the time,*
nKéé = expected number of bombers shot down by an element of n
(n=2or A)Q* F-86D's on close control,
2K89 = expected number of bombers shoi down by an element of 2
F-89D's on close control,
R2 = probability that a glven bomber survives when the formatlon
is attacked by one element of F-89D's on its second-pass

(¢2 = 2), the interceptors having been originally close-controlled,

»
The numbers used were the nmumbers of interceptors scrambled and not the
number expected to reach the battle.

*E
In & glven battle either elements of four F-86D's or two F-86D's were
employed, not both,
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probability that a given bomber survives when the formation is

=
w
n

attacked by one element of F~83D's on its third pass (ﬁB = 2),
the interceptors having been originally close-controlled,

probability that & given bember survives when the formation

and Ry

is attacked by one element of F-89D's which have been sent
out on broadcast control (¢£ =2).

This expression is correct when the nmumber of interceptor elements on
close control is less than the number of bombers. This was nearly always
the case in 1956, and created negligible error when it was not. The value
of ¢2 was taken to be equal to the number of F-89D's which had been on
close control in the preceding battle and the values of ¢3 was taken to be
egual to the number of F-89D's which had been on close control two battles
previous. In each case the fact that one or both interceptors in an element
may have aborted, may have been killed, or may have committed some error
which split the element was taken into saccount in the corresponding R
factor, as can be seen below. Interceptors which were on broadcast control
all the time had two passes, both of which were in¢luded in Rb, and both of
which were assumed to be effective in the battle following the one in which
they first reached the bomber stream. Thus ¢5 was taken equal to the number
of F-89D's originally on broadcast control which reached the bomber stream
during the preceding battle.

The K's are interceptor effectiveness numbers and depended upon whether
the interceptors were scrambled in elements of two or four. For the two-

4
plane element of either F-86D's or F-89D's:

*

Note that this equation holds only for F-86D's scrambled in elements of
two and F-89D's on their first pass on close control and also scrambled in
elements of two.
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Ko 89 = 5= | YiaFn, * VazRn, T Vo2 |1 - (B )
’ by 2 2

where "ij = probability that two interceptore, having been scrambled as an
element, attack a bomber so that bomber fire is split J ways,
but only 1 interceptors fire effectively

Pkb = probability that an interceptor kills the bomber in a firing

pass in which the bomber's fire is split j ways
(The other symbols are treated in Chapter II and are for the particular type
of interceptor and bomber involved.)

The "ij were found from the following equations:

iy = 2ug D(1-u, Dy )Py,

W.

12 ‘?“abzml (1-D, )Py,

w22 T uabzpzpdc
These aymbols are also discussed in Chapters II and I1III; ses the 1list of
symbols as well.
When F-86D's were scrambled in elements of four, the resulting effective-

ness equation became more complex because of the added combinations of ways

in vhich the interceptors could attack the bombers. The effectiveness was

given by:

Lo 4 .
Kse(s) = -+ s > Oy [ 1= (=P ) ]
- T L :

where the cij and Pkb are defined exactly as the ‘ij and Pkbj’ respectively,

J

above except that the interceptors were scrambled in elements of four, and
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the other symbols are as explained in Chapter II.

The C,. were given by:

i

_ 3
Cpy = 4ugyD (1-u Dy )7Fy,

Cip = lzuaszDl(l-Dz)(l—uabDl)dec
C 5 = l2uab3DD12(l—Dz)z(l-uabDl)Pdc
Gy = gy, o0, % (1) Ry

Cop = bugy D" (1-u,, D) )Py,

3
023 12uab Dle(l-D2)(l—uabD1)Pdc

_ 2 2 2

Cyy = 6uab4n D, %(1-D,)°Py
_ 3.3

C33 = 4ugy D7 (1=, D) )P,
_ 3

Cyy = 4“ab4D D) (1-D, )B4,

044 = uabADLPdc

For F-89D's on broadcast control, the R's were determined as followsz*

Peb. 2

2 1
1-(1-Pkb2) X4 | 1-Q- g )

TR P
B

Ry =1~ Pkbl " T,

L -~ -
As written here R, is a linear approximation, in the w's and x'as, to the
previoualy defined Ry .
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P, 2
Y Y Y kb
LW jor 22 2 by
R3=1-=<"Fp -5 P, - F 1-(1-Py )7 | =Y, | 2-02- 5 )
1 2 2
Ro=1- Ty b _2™a, 22722 | _qp (R
5 T B kb, F kb,
- kbl
=X | 0= 5T

where xij and Iij are defined precisely as the wij’ but apply only to,
respectively, the second and third passes of an element of two F-89D's
which were on close contreol on their first pass.

X,.; and Y; _; = probabilities thai an element of two F-89D's has
split but each lnterceptor independently attacks a
bomber (possibly the same one) on, respectively,
the second and third passes of the interceptors,

;ij’ iij’ and il-l are defined the same as wij’ Xij’ and Xl—l except
that they apply to an element of two F-89D's which
is on broadcast econtrcl all the way

The equations from which the various X's, I's, w's and X's were found

are as follows:

X9 = Uy ub *F 2 2 1-D-Pgy, 2D1(1-Dl)Pkﬂl-D(l-D)(l—Pkﬁz)z
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e
t

11~ Uap%fac” ll'uabubDDl+Pdc [ Uap s PPy P Ty D(Pkﬁl'Pkﬁz)
-u_.u D2 (1-P )2 -2
ab® 1Py, La

_ 2 2= 3 2
X22 = Yap % PacP [ 1-Faet ch(l‘Pkgz) }

2(1-D;)
XlZ = D2 X22
Yy = gy Fa, D" \ D4Ry [D(l'DZ)(l'Pkﬂg)z"D(l"D)'le(l'Dl)Pkﬁl

*FAc [1:2(1-1))(1--r>kﬂ,2)2-2131(1-:)191)P]![ﬂfl

[DDl(BDDl-D1—2)(1-Pk¢2)2 -2D(1—D1)(1-2Pk¢i-Pk¢12) '

+20D, (1-D, )B, o, ] ]

+§éc2 [ D(l-D)Pk¢12+Pac lD2(1_D)(1_pk¢2)2+2DDl(l-Dl)Pk¢l(1‘2Pk¢i)l } \

In = 2“ab“b2§dcn [rl‘“ v “o% 1*Pac [ abP (P kg, “Fig, J-ugyty, 0’ D (I'Pkﬂé
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2
-0y Prg by D2D1

kﬁl

2
*Fae [ “ab“szszDlP kﬁlh‘abubn (Pk¢l'P kﬂ‘z)

2.3 2
“Ugply D Dl(l"Pk,dz)

2
Py l 2DP, 4 ~u_ u, Dle-D-uabDDl(lﬂbDl)(Pkﬂl-Pkﬂz)

+2“ab“b2D3D1(1‘Pk¢ )2] ] -2y,

2

4 = - = = 2
D 1-P4,~Pao*P3cF +D(Pdc+Pdc-2Pchdc)(1-Pk¢ ¥e.

Y. = u . u’F
22 = Yap % ‘ae de’ de ;

_2(1-Dp)

12 D,

h4

1 22

and w's and X's = corresponding w's and X's with all Pdc's replaced by §ac‘s.
When F-89D's were employed on uniform broadecast control, a slight modifi-

cation of the R factors was necessary. The resulting equations were:

R

' _ 2

vhere S = lesger of 1 and -%—

and R1 = Ri as given on p.lé9when computed for B equal to the lesser of the
S
mmber of bombers in the battle and 6, and when the uniform broad-

cast contirol values for Pdc are substituted into the expression.
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(The mumber six results because only one director was ever dedicated

to uniform broadecast control, and he could handle six bombers.)

i

' 2

These R, were substituted for the Ri in the equation for the probabllity

1
of bomber survival given on p. 166.

Attrition Due to Interceptorg (1958)

The presence of F-102's carrying atomic armament and F-102R's in the
assumed 1958 defense gystem caused the bomber attrition to be considerably
higher than it was in the 1956 strikes. In addition, the increase in control
capacity allowsd more interceptor elements to be close-controlled. The conse-
gquent decrease in the numbers of bombers in late battle stages &and increase in
the number of close-controlled fighter elements meant that at times there were
more close-controlled fighter elements than bombers in a single battle. In
the double-defense analyses for 1958 this situation was especially likely to
occur.

The probability of bomber survival for the 1958 strikes was rewritten

to be:

= _ _ & 2
Pps 1-ota {1- 2 | BacRagtPaokag ) 025102102851 028 Jl Ry B3 TRy

where a = probability that the ground system is tracking a given bomber,

as explained in Chapter II,
A = greater of af eand vy,
6 = greater of 1 and ;%,
and y = number of close-controlled passes by interceptor elements in the battle,
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g
8
(r =35+ 32+ 2y + )00

and the other symbols are as previously defined for the appropriate types of
interceptors.*

Since F-86D's and F-89D's were always scrambled in elements of two in
the 1958 analyses, the single effectiveness equation as given on p.-163was
adequate for both of these interceptors. For the F-102's and F-102R's, each
of which was scrambled singly and given two close-controlled passes which

were both counted as being effective in the battle in which the interceptor

reached the bomber stream, the effectiveness pumber was defined as:

K102 8nd Kjoop = BapFaelPin {1*“b(1‘D1Pchkg)‘

where Pdc’ Pkb’ and Pkﬂ are for the appropriate fighter~bomber combination.
The F-89D's on broadcast controel and uniform broadcast control were

treated the same as in the 1956 portion of the study.

Attrition Due to_Interceptors (1960}
In the 1960 analyses, the F-102 and the F-102R were the only inter-

ceptors used. They were always employed singly and were presumed to be
equipped with improved Al radars incorporating gocd AMTI. The atomic-
warhead rockeis, which were the predominant form of armament, were assumed
te produce instantaneous kills. The Linceln system with its large control
capacity was assumed to be operating in most of the areas where the inter-

ceptor density would be high, and the hypothesized strikes by bombers and

*
When & is greater than one, this expression is an approximation for
PBS as defined previously.
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decoys resulted in large and dense formations of attacking wvehicles.

Consgideration of all of these factors lead to two conclusions: first,
that the interceptors would nearly always be used on close control, where
the probability of doubling up on one attacking vehicle would be small;
second, that even if broadcast control were necessary in the early battles,
the capabilities of the AI radar and the density of the bombers and decoys
would result in & Pdc of unity, and the numbers of bombers and decoys and
quickness of kills would still make the probsbility of doubling up, or
firing at previously "killed" wvehicles, negligible.*

The net result was the supposition that all interceptors could be
treated as though they were being close-controlled. This not only greatly
simplified the equation for the probability of bomber survival, but allowed
all interceptors which attacked one group of bombers (the main track from
entry into the defended region until the first split, or a sub-irack from
one split to another)} to be lumped into one air battle. The large number
of decoys employed alsc prevented the number of interceptors from exceeding
the number of attacking vehicles, further simplifying the survival equation

to:

5

Bs =1 - Eé'a' $102%102%%1 0281028 M99a%994 M998 99 99 Koac

where 3 = the number of decoys entering the battle and the other symbols
are defined as before, with the appropriate extension of the air battle

definition. (S5ee the following secticn for a discussion of the last three

%
A further condition favorable to the defense was the use of air-to-air
IFF, which was assumed throughout this study.
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terms of this equation.)

Since the armament load on the F-102 was a mixture of atomic weapons
and small rockets, different expressions had to be written for the two K
factors involved in the bomber survival equation. Thus:

_ 2 2. 2 2. 2
K102 = “abracP Pkb;“b?kb;“b { F kbﬁ(l"Dl Fae )+PkbRDl Pse l

3 2 3 2, 2
uy, [Pk‘nA [3D1Pdc(1‘D1Pdc) H1-D) Py, ] Pep 21 Tac (1'D1Pdc)l

and

= 2 3 3, 3
%102 = Yab'dc kb, | 10 Uy (1-D)"Fge”)
The four terms in the main parentheses in each of these equations refer
regpectively to sach of four possible passes which the interceptor might

make, PkbA and PkbR refer to the probabilities of kill of & bomber by an

atomic rocket and a salvo of small rockets, and all other symbols have been
previously discussed.

Against the Snark-type missile attacks, PkbR was taken 1o be equal to

L ]
PkbA and the F-102R was allowed a maximum of only three passes, so that the

last term in the main parentheses of the equation for KiOZR wvas never used.

»
See the discuesion in Chapter II.
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In the analysis of the B-47-type bomber attack the two Pkb's were different,
and each interceptor was allowed four passes if it had ernough fuel. In both
type s of attack the amount of fuel remaining in each interceptor when it
reached the bomber stream was calculated, and only that number of passes
were used which would sllow the interceptor to return to its own base with
the proper regerves. The sppropriate number of terms were deleted from the

K equations in sach case.

Attrition Due to Area-Defense Missiles (1960)

The area missiles, like the interceptors, were assumed to be controlled
by the Lincoln system. Because of this and the large numbers of attackers
(bombers plus decoys) involved, the missiles were postulated each to be
vectored to e target different from that being brought under fire either
by another missile or by an interceptor. Hence the symbols invelved 1n the
last three terms of the survival equatlon given in the preceding section may
be defined as:

M99A(B,C) = number of F-99A(B,C) missiles fired which could reach the

bomber stream during the air battle,

K99A(B,C) = expected number of bombers and/or decoye killed by the

firing of one F-99A(B,C).
As can be seen from the survival equation, the attrition caused by the area-
defense missiles was treated the same as and simultaneous to the attrition
due to the interceptors.

The effectiveness for each missile was given by:

K59 = YapPPacln
These symbols, treated in Chapter II, must be chosen for the pertinent missile,

bomber, and altitude combination.
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Attrition Due to Local-Defenge Missiles (1956, 1958, 1960)

The bomber attrition caused by the local-defense missiles was treated
completely separate from that produced by the area defenses. The procedure
followed was to compute the number of bombers (and decoys) which were
expected to survive the area defenses and enter each local-defense region.
The expected attrition in each such local region was then computed and
applied to the vehicles flying into that region.

Local defense performance against two different {ypes of attack were
examined. The first was a wave attack wherein all of the enemy vehicles
were considered to enter the local defense region simulteneously. The
second was one in which the attackers were assumed to be spaced in time
(a mean spacing of two seconds was pogtulated) so that the firing units
could possibly be recycled and more salvos fired. In the strikes studied
for 1956 and 1958 the number of bombers entering the local defense area was
found to be too small for the defenders to realize any significant gain
under the second type of attack. In 1960 the presence of decoys changed
thie pleture, since they greatly increased the number of vehicles simul~-
taneously entering the local defense zones.

Another effect was considered, howevér, which ran counter to this.
This was the effectiveness of the assignment of the local-defense salvos
to the attacking vehicles. Whether they were assigned randomly, urniformly,
or with some better coordination which would prevent wasting salvos on
"dead" bombers would effect the total number killed. In 1956 and 1958
the number of salvos which could be fired was very small, while at the
same time the presence of multiple aiming points within the locally defended
regione required several bombers and kept them spread out to some extent.

It was judged that in this situation the defense could achieve nearly perfect
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coordination of fire rather easily, since only very rarely would two salvos
be fired at the same bomber.

In 1960, on the other hand, the number of possible salvos turned out
to be very high, and the number of aiming points fewer than before. This
would creste a much tougher problem for the defenses in attempting to
distribute their fire power, and perfect coordination would probably not
be achieved,

As a result 1t was concluded that coordinated fire against a wave
attack was a logical manner of estimating the attrition for the 1956 and
1958 strikes, and was also a reasonable compromise in 1960 between the
effects of nonecoordinated fire and the addition due to multiple firing
from each battery. The number of bombers expected to arrive on target

(BOT) wvas found, for all three years examined, from:

Py
For = 7V, Ve bfPow o oy

where ﬁ& = number of bombers entering the local defense region,

V, = number of vehicles entering the local defense region,
b = number of batteries of Nike (Talos CW, Talos W) missiles

N{CW,W)
in the region,

KN(CN ) = expected number of wvehicles killed by one batiery of Nike

1 4

(Talos CW, Talos W) missiles.
The K factors were found by substitution of the appropriate numbers into

the egquation:

Sy
K=gND | 1-(2uP,,)
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where §; = number of missiles per salvo.Ns‘ is substituted for Ns when

appropriate.

TARGET DAMAGE

Expected Number of Bombs Arriving on Target (1956)

In the 1956 strikes it was postulated that the Soviet attacker wes
bomb-limited. Whereas about 350 aircraft were assumed to penetrate the ZI,
they were corsidered to carry only around 300 bombs. Thus when the expected
nunber of "bombers™ which arrived at a target (pOT) wasg found; it remained
to determine the expected number of bombs delivered to the target (BOT).

This was given by the equation:

Po
T B,, -2
Bor, = | Atar - %) | TorT
J ZIj J a1 21
= th
where BOT = expected number of bombs arriving at the jJ  target,
J
BOT = expected number of bombers arriving at the jth target,
J
BZI = number of bombers which entered the ZI briefed for the
J
th

J
] mumber of aiming points in the jth target,

target,

3
n

By, = total number of bombs entering the ZI (=300},
= total number of bombers entering the ZI (=350),

ZZI = total number of aiming points for the particular strike.

ed ber of Bombs Arriving on Target 8, 1960
In the 1958 and 1960 analyses it was assumed that there would be a bomb

in each Soviet bomber. Thus the number of bombs expected to arrive at the
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target was always equal to the expected number of bombers which arrived

at the target.

Probability of a Given Bomb Arriving on Target (1956, 1958, 1960}

In order to calculate the expected damage to a target, an overall

probability of bomb survival, or the probability that a given bomb arrived

at the target, pj, was determined fer each target from the equation:

This probability was then applied as described below to arrive at an ex-

pected damage figure for the target.

Expected to Single Alwming Points (1956, 1958, 1960

A "single aiming point" was defined as a target consisting of only one
aiming point, so that all bombs briefed for that target were also briefed
for the one aiming point. 1In the case of such aiming points, as in the
case of multiple aiming points discussed below, bomblng errors were ignored
and it was sssumed that one bomb delivered would completely destroy an aiming

point. Thus the probability that the jth alming point was destroyed, PD ’
3

was taken equal to the probabllity that at least one bomb was delivered there,

and was glven by:

By

§
When the target was a SAC base, this P, was also considered tc be the

expected fraction of the base destroyed, and was used to determine the ex-

pected number of SAC bases destroyed as outlined in the next chapter. For
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industry targets, the expected "value-added destroyed" was obtained from:

VADJ = vj PDj

where vj = value-added destroyed by one bomb dropped on the jth (aiming
point) target.
In the case of oil or steel plants, the preduction capacity destroyed,

CD , a8 a percentage of the production capacity of the whole country,
J

was determined from:

where Cj = percentage of oil (stesl) production capacity of the country

contributed by the jth plant.

Expected Damage to Multiple Aiming Foints (1956, 1958, 1960)
A "multiple aiming point" was defined as a target which consisted of

more than one aiming point. As ocutlined in the preceding chapter, the
bombers which entered the defenses destined for such a target were not
assigned to specific aiming poinis within the target when the strike was
first constructed. Rather, this was left to be done during the damege cel-
culations, and was done in such a manner as to maximize the damage achieved
by thoae bombers.'

To accomplisgh this, & marginal value-added destroyed was calculated
for each of a number of bombs on each aiming point in the target. This

was cbtalned from:

*
In this process, it wae assumed that each aircraft had to be briefed
to a particular target prior to take-off. This is an important constraint.
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n n-1
VAD,, = 1~ (1~ - = -
vwhere VADij = the mrginal value-added destroyed by the nth bomb
n
assigned to the ith aiming point in the jth target,
and vij = the value added which would be destroyed by one bomb

th

dropped on the 1™ aiming point in the jth target.

It can be seen from this equation that VAD corresponds to the lncremental

ijn
inerease in the expected VAD at the particular aiming point by assigning the

n'® bomb to it after (n-1) have already been assigned to it, the assigning

bombs briefed for the target as a

being done out of the population of Bz
3

I

whole.
As was sald, this marginal value was calculated for each of a number

of bombs assigned to each aiming point in the target. The largest BZI
J

of these were then chosen to represent the actual assignment of the BZI

]
bombs, and were summed to obtain the expected damage to the target as a

whole.
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CHAPTER V

RESULTS AND CONCLUSIONS

In this chapter a compilation 1s presented, in tabular form, of the
results of all of the strikes which were conducted in this study. Some
conclusions which are based sclely on these results, and are therefore
limited in scope, are stated.* Finally, there is a brief discussion of
some of the more important assumptions and technigques which were used in
these analyses and their bearing on the results obtained, and possibly on

the conclusions derived from these results.

RESULTS--TOTAL DAMAGE FIGURES

In calculating the total expected damage to the metropolitan area or

"value added® targets which resulted from any strike, it was necessary
only to sum the expected damages at each such target for whieh bombs were
assigned. The resuit was obtained as an amount of destruction in millions
of dollars of value added by manufacture in war and war-connected industries.
It should be borne in mind that this scale of values is to be thought of
only as an index, and that the dollar destruction, as such, has meaning
only on a relative basis. A perhaps more significant measure of overall
damage was determined from these dollar values, which was the percentage
of the total value scale to which this expected destruction corresponded.

The total expected destruction of SAC bases was determined as a number

of bases which were expected to receive bombs. This was obtained by summing

»
A more comprehensive set of conclusions of the overall High Attrition
Air Defense Study cen be found in R—2SO.(1)
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the probabllities of destruction* of all of the bases which were attacked in
each strike.

In the strikes which were directed primarily at oil and steel targets,
the percentage of the production capaclty of the entire country which was
expectad to be destroyed was the resuliing measure for each of these indus-
tries. Thils was caiculated by summing the expected damages for all of the
plants attacked, the lattsr being obtained as outlined in Chapter IV. Al-
though the target lists used in these cases do not contain those facilities
which have been recently completed or which may be bullt prior to the dates
for which the analyses were conducted, it is anticipated that the results
are representative of what might be achieved barring a sizeable change in
the geographic distributions of these production capabllities.**

A1l of these measures of target damage are given in Table XVI for each
strike which was analyzed. The sirikes are listed in the order in which
the analysis was done, which is also the order of presentation in Chapter
III.

Table XVI mlso contains statements of the specific conditlions of the
offensive and defensive forces assumed for each strike. The offense budget
level is indicated by the numbers of bombers sortied, with Strikes VII and
X using a doubled offense effort. The defense budget level is indicated
under the heading "Defense System," where Strikes VIII and X used & doubled

defense weapons system corresponding to about an 80 percent increase in

»

Note that the calculation of the probability of destruction of an aiming
point, as discussed in the preceding chapter, ignores CEP by assuming that
cne bomb delivered destroys all the value of the aiming point.

"
The 0il and steel target lists used are accurate as of Jamuary, 1950,
and January, 1951, respectively.
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STRIKE RESULTS
Strike Bombers Bombs Targets Attacked: No. of DGZ's
Type | Number | Number |Numbsr |[Number |Yield [SAC |Wash.| Urban Cil | Steel
(1) Sortied | Arrived |Sortied |Arrived D.C. | Indus-
at ZI at 21 trial
Concen-
tration
1956 Strikes ~ Low Altitude Daylight Attacks

TU~4 250 188
1 I1-28 188 150 375 290 J00KT | 29 3 8 82 50

(Car- (94)

riers)

TU=L 250 200
I 1128 188 150 375 300 100KT | 29 3 206 —_— -

(Car= (94)

riers)

TUel; 250 193
III I1-28 188 150 375 294 100KT | 29 3 59 82 4L8

(Car= | (94)

riers)

1958 Strikes - Low Altitude Nighttime Attacks

I1~28 43 330 163 370 100KT | 29 3 153 — —
v Type-31 50 40

{Car— (207)

riers)

11-28 350 280 L8 358 10CKT | 24 | = 19 63 17
v Type-31 98 78

(Car~ | (175)

riers)

I1-28 299 239 L37 349 100KT | 25 —_— 8L — -~
VI Type-31 138 110

(Car- | (150)

riers)

I1-28 586 469 872 697 100KT | 28 3 209 -— -
VII Type-31| 286 228

(Car= (293)

riers)

IL~-28 168 291, 453 362 100KT [17 | — 57 —_— | -
vy | Type-3ll s 68

(Car~- (184)

riers)

(See p. 190 for notes)
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% Attrition(j) Expected Target Damags

Defense | Defense | Esti-| Calcu~ { No. of PD for | Value Added Destroyed| % 0il % Steel
System | Weapon mated| lated | SAC Refiningi Pro-

Ferform. Bases ;gghi Millions| #% of U.S. Capaci- | duction

n| of Dol- Total
Degrada-~ Des- Wash lars ty Des- | Capacity
tion troyed - troyed Destroyed
1956 Strikes - Low Altitude Daylight Attacks
As in (1)
Table V| D = .8 15 32,1 26 1l 8266 23,2 71.5 59.4
As in
TPable V| D = .8 20 35.8 26 «92 9759 274 — -
As in (4)
Table V| D = .8 25 32,7 27 «Th 8096 22.8 71.9 67.5
1958 Strikes ~ Low Altitude Nighttime Attacks
As in D=.8 50 85,1 23 0 1670 L7 — —
Table V
Table V
As in D = .8 68.8 66.7 23 e 1}822 1395 b o
Table V¥
As in D= ,8 65.5 61.1 27 «28 10182 28,6 — —
Table V
Double D= .8 7905 30.7 lli- =2 31412 996 — ——
Defense
(2)
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TABLE XVI (Continued)
Strike Bombers Bombs Targets Attacked: No. of DGZ's
Type |[Number | Number | Number | Number | Yieild | SAC | Wash.| Urban Steel
(1) Sortied | Arrived| Sortied| Arrived D.C. | Indus-
at ZI at ZI trial
Concen-
tration
1958 Strikes - Low Altitude Nighttime Attacks (Continued)

I1-28 314 251 L40 352 JOOKT | 22 3 105 ——
X Type=31] 126 101

(Car- ' (157)

riers)

I1-28 602 482 875 700 JOOKT { 20 3 109 —-—
I Type=-31| 273 218

(Car- (301)

riers)

I1-28 270 215 430 344 5 MT 19 - 71 —
XT Type~31| 161 129

(Car— 135

riers)

1960 Strikes = 50,000 Feet Nighttime Attacks(s)

Snark 557 389 557 389 5 ML | — - L8 —
XI1 Decoy 2930 2052

(Car- (293)

riers)

Snark g§7 411 587 L1 100KT | ~ — 63 —_—

Decoy 2830 1979
KII 1 (car- | (283)

riers)

Snark 897 627 897 627 100KT | — 3 149 —
XTV Decoy 2030 1417

(Car- (203)

riers)

B-47 280 210 280 210 5 MT | == — 52 —
XV(S) Decoy 2190 1645

(Car— | (219)

riers)

Snark 854 597 854, 597 5MI | 1 131 -
I Decoy 2140 1497

(Car- (214)

riers)

(See p. 190 for notes)
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% Attrition(” Expected Target Damage

Defense |Dsfense | Esti- | Calcu~ {No. of PD for{Value Added Destroyed | % 0il ¢ Steel
System |Weapon mated | lated [SAC Refining| Pro-

Perform. Bases ;gghin gil%iifs ¥02§1U°S' Capaci- | duction

Degrada- De 5~ Wash lars ty Dss- | Capacity

tion troyed * troyed Destroyed

1958 Strikes - Low Altitude Nighttime Attacks
As in D=.,4 | 63,0 | 60.1 21 .08 7096 19.9 . =
Table V¥
Double |D = ,8 8l.1 | 77.8 19 0 7189 20,2 — ~——
Defense
(2)
in Table
v
1960 Strikes - 50,000 Feet Nighttime Attacks (>’

Same as |D = .8 - | 70.0 —_ — | 11263 31.7 — —
in Table
v
Same as |D = ,8 — 69.9 -— — L5691, 13.2 — -
in Table
v
Sa‘ne as D = .h— —— 69.8 b .69 8382 2306 b -
in Table
v
Same as |D = ,8 —— 75.1 -~ — 8588 24,1 — -_—
in Table
v
Same as |D = 4 — 69.9 — «69 19886 55.7 — -
in Table
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(1)

(2)

(3)

(4)

(5)

NOTES FOR TABLE XVI

The word "carriers" in 1956 and 1958 strikes referg to carriers for the
IL-28's. These were TU-/'s, each of which carried two wingtip-coupled
TL-28's to the edge of the defended region. In the 1960 strikes, "carriers"
refers to decoy carriers, which were C-132 type cargo alrcraft in each of
which werei\carried ten decoys. None of these carriers ever entered the

air battle region.

In the "double defense™ system the number of each weapon in the U.S.
defense system given in Table V was doubled and the number of controllers
at each ground-based radar station, as given in Table VI, was doubled.
The number of Canadian defense weapons and the number of controllers in
the AEW and C aircraft were not doubled, nor were the othsr components
of the complete defense sgystem.

The per cent attrition listed is an overall attrition which applies only
to the total number of bombers entering the defended region. The attrition
on each track was computed separately.

These totals include the value of the damage to the oil refineries and
steel plants in addition to that to the urban industrial concentrations.

Strike XV was a low-altitude night attack by manned bombers, rather than
an attack by missiles at 50,000 feet.
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defense budget level. Two levels of defense-system efficlency were used,
designated by D = .8 (basic efficiency) and D = .4 (approximately 50 per-
cent of basic efficiency) in the column headed "Defense Weapon Performance
Degradation." Strikes IX, XIV, and XVI are the cases in which the efficiency
of the defense system was approximately halved.

Several other variations can be noted which had noticeable effects on
the results of strikes for a given year. Among these are target strategy,
(0il and steel were the primary targets in Strikes I, III, and V), bomb
size (Strike XI used 5-MT bombs in 1958, while XIII and XIV used 100-KT
bombs in 1960), estimated attrition as compared to that calculated {Strikes
I and IV), and bomb-carrier type (B-47-type aircraft were used at low alti-

tude in Strike XV).

CONCLUSIONS
The following general conclusions can be drawn from the results of these
strike calculations:
A. If the Sovietis maintain theilr strategic bombing force at about the
level assumed for 1956 but continue to advance technologically, as

was assumed In the analyses of Strikes II, III, VI, IX, XI, XII,

and XVI--

1. The probable level of damage in the event of an attack during
the 1356-1960 period--with the defense system proposed in this
report, and if the components of that system function about sas
effectively as estimated--would be equivalent to the destruction
of about 28 percent of the value of our metropolitan aréas.
(This conclusion is based on Strikes II, XI, and XII.) In

the absence of extensive civil~-defense measures, such as
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evacuation or deep shelters, there would be an attendant loss
of 1life of over 10 million people. Alternatively, & major
portion of our oil refineries and steel plants could be
destroyed. Strikes I1II and V give an indication of this
possibility. In elther event, a large number of our SAC

bases could also be bombed.

It is possible that soms of the factors which degrade the
performance of the defense system might become so severe

that the resulting damage from an attack would be equivalent
to the destruction of 40 to 60 percent of the value of our
metropolitan areas. (Note Strikes IX and XVI, but adjust
Strike IX to account for the probability that megaton bombs
would be available to the Soviets.) Wartime experience with
complex weapong indicetes that some of these degrading factors
are increased human errors, increased equipment failures, de-
creased equipment accuracies, Soviet use of countermeasures
without corresponding counter-countermeasures in the defense
system, and the possible failure of key parts of the proposed
system owing to its complexity. Although the 28 percent damage
clted above corresponds to making allowance for these factors,
they might become considerably more severe.

If a criterion of restricting damage to & level equivalent teo
15 percent of the value of the metropolitan areas is accepted
as a goal for the air-defense system, it appears that it would

be very difficult to achieve thie goal in the 1956 period,

primarily because of the deficiencies of our weapons at low
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4. The calculations of thls study indicate that the 15 percent
damage criterion might be achieved in 1958 and 1960 with an
sugmented system requiring a total expenditure on active air
defense in the 1954-1960 period of 40 to 80 billion dollars.
The level required would be in the 40~ to 60=-billion-dollar
region if the sysitem componenta funciioned as effectively as
estimated, while 60 to 80 billion dollars would provide
additional insurance against the degradations and failures
mentioned above. The major portion of the increased budget
in the later years should be spent for meore weapons.H

B. It is possible that the Soviets will expand their bomber force in
the later years, particularly if we embark on an enlarged air-
defense program. Such an increase in bomber force can be offset
by increases in defense effort. Because a large proportion of
the Soviet effort is already being put inte their bomber force,
further great increases appear unlikely. Hoﬁever, suppose that
the offense force is increased by 50 percent: the required
matching air defense expenditures will then rise from the 40~

to 80-billion-dollar region mentioned above to around 60 to 100

billion dollars for the 1954=1960 period.

*

Actually, RAND has been unable to establish a reliable estimate of the
damage level beyond which U.S. war-making capability is declisively impeded.
The 15 percent level 1s an interesting check point, however.

*u
This question of the required budget level for a given damage level is
investigated in the current Air Defense Command study of 1960 requirements.
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C. Even if we embark on an active air-defense program on a 60- to 100«
billion-dollar scale, we cannot be completely sure of achieving a
very high level of protection for seversl reasons. Thése reasons
are enumerated in Chapter 2 of R—250.(1)

D. In vlew of these con¢lusions, our military and diplomatic plans
should not be based on the assumption that our valuable ZI targets
will be adegquately protected from Soviet attack by an active air-
defense system in future years. There is, however, enough chance
that such protection can be achieved, particularly in the 1958-1960
period, that this possibility should not be ignored. Before about
1958 the low-altitude limitations of our system appear quite serious.
After 1960 the ballistic-missile threat will probably become a
reality, and the entire concept of air defense will have to be

revised.

D1SCUSSION

When viewed in retrospect, some of the particular assumptions which were
made and techniques which were used in the course of these strike analyses
stand out as having major effects on the results which were obtained. Al-
though, as has been mentioned, an honest effort was made to adhere to realism
in the methods and in the predictions of performance parameters in the assump-
tions, it is felt that soms of the more important factors should be reviewed
in the light of their effecis on the damage figures and conclusions. Some of
these factors tended to produce optimistic results, while others tended to
produce pessimistic results. Because of these opposing effects, it 1s believed
that the results in Table XVI are representative and the conclusions valid as
stated. The following brief discussion, however, should help future evaluations

when these assumptionamggp be made or disputed with more certainty.
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The Defense System—-Factors Which Might Increase Damage
The low-altitude limitation of 15 mils above the horizon which was

assumed for the Nike tracking radars gave this missile system a mﬁrginal
capability against a bomber attacking at a 500 foot altitude. Many U.S.
cities, however, are situated in valleys, so that the Nike installations
around them do not have a "flat" horizon. Unless the radars are located
carefully, surrounding hills can raise this limitation by ten mils or more.
In view of the very meager capabilitles envisioned, however, this could not
produce a drastic change in atirition or damage.

The "coordinated" assignment of local defense miseiles of all types
would be extremely difficult to achieve against certain types of attack
involving large numbers of closely spaced attacking vehicles. (Such an
attack, however, might be just a&s hard toc achieve in view of the timing
required, bomber interaction, and the action of the area defenses.)

The use of the present generation of interceptors at low altitude may
be entirely infeasible. Certain problems of aircraft stablility and develop-
ment of proper AI radar procedures, although they appear surmountable, may
impose more stringent limitations than employed in this study. This could
have a great effect on the attritions calculated for 1956, but would produce
a somewhat smaller effeet on the damsge totals.

In the 1958 analyses the F-102's were given a limited AMII capablility,
while they were assumed to possess good AMII by 1960. Should these predic-
tions be in error, gross effects on both attrition and target damage would
result.

In all three years the entire interceptor force was assumed to have
adequate ground-to-air and sir-to-air IFF equipment and procedures. The

absence of such equipment and procedures could cause interceptors and area
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missiles to intercept other defense aireraft, thus wasting passes and reducing
the weapon force. Since the Soviets could not rely upon this type of defense
degradation, it would probably produce only moderate changes in the damage
figures.,

As has been previously mentioned, the npumbers of directors which were
assumed to be in the ground radar stations were considerably larger then

those currently scheduled for those stations. Nevertheless, the limited

number of directors assumed for the study was one of the basic limitationg

to _the defensge capability. In every sirike analyzed for 1956 and 1958, many
interceptors were delayed in their scrambles, many F-89D's were sent out on
broadcast control, and some F-86D's were not used at all because of the lack
of contrel facilities. Although the Lincoln SAGE (semi-automatic ground
environment) alleviated this situation in the areas where it was postulated
to be operative, even its facilities proved to be marginal in some cases.
Should the control capacity be less than that used in this study, a decrease
in attrition and increase in damage would result. Conversely, should some
way be found to increase the control capacity over that used here, damage
to our targets would be decreased. As mentioned before, the very interesting
possibility of spending most or all of an increased budget upon increased
close control facilitles has not been examined.

The training of all of the working members of Alr Defense Command is
of fundamental importance to the system performance. In this study a high
degree of training was assumed for both operating and maintenance personnel
in the "basic" cases. Although the cases employing degraded defense effective-
ness may reflect what happens when training is not made of prime importance,
the situation could be much worse than pictured even in these cases. Fortu-

nately the so-called "Systems Training Program® holds promise for improving
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the performance of the ground data-handling system by a sizeeble factor, but
much will remain to be done, particularly in training air crews for defense
against low-altitude attacks.

Although attacks employing electronic countermeasures (ECM) on a large
scale appeared to be less favorable to the offense than the tactics actually
used, the omlssion of all forms of EQM msy have been too optimis tic from the
defense point of view. The offense might possibly have gained something by
using blinkers and towed sources against weapons without atomic warheads,
and by employlng barrage noise jamming and chaff against ground-based radars.
The effects of such measures are felt to be included in the degraded-defense-
effectiveness cases, but again could be worse if training were also bad.

The assumption as to the vulnerability of decoys, while reasonable for
the atomic defensive weapons, may have been wrong for the more conventional
types of armament. The result would be less decoy atirition, hence less
decoys required, more bomb carriers used, and consequently more target
damage. Since a large part of the weapons assumed for use agalnst strikes
ircluding decoys bad atomic warheads, this effect might have been of second

order importance.

e Defense Sygtem-—-Facto ich ht Decrease Damage
Although the defense weapons were redeployed in an attempt to match the
target system before the strikes were laid on, it now appears that even more
redeployment might be feasible, and could result in a failr-sized increase in
attrition in all three years examined. This redeployment would consist of
shifting more weapons out of the Pacific Northwest and areas where adsquate
radar cover is lacking, and concentrating more strength around the valuable

Midwest targets.
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Some better weapon commitment policies could be adopted than were
used in this study, particularly in the 1956 portion.

The selection of more of the most effective weapon types at the expense
of lesser effective weapcons would result in increased attrition, and hence
less damage, for the same defense budget. For example, the damage toc the
target system could have been decreased by the use of more Talos and fewer
Nike battalions than were actually selected for the doubled defense of 195€,

The kill potentials used for the local-defense missiles were taken
from the calculations for a wave attack. Since there are considerable
problems to be faced by the offense 1n getting wvehicles into the local
defense areas simultanecusly, much recycling of missile launchers might
be possible. This would make 1ittle difference in attrition in the 1956
and 1958 attacks, but in the 1960 attacks, when the use of decoys only
worsens the offense's difficulties in this regasrd, the difference could
be gignificant.

Some U.S. cities are situated so that the Nike should havé had more
than the marginal capability assumed against a low-altitude bomber. As
mentioned above, this could not produce a drastic decrease in damage at
these cities.

Should any kind of AMTI become operational on the F-86D's or F-89D's,
a great improvement in low-altitude capability might be reslized. In
fact, the one thing which appeared most useful to the proposed defense
system was a good AMTI capability.

The number of targets which were "free" to the offense (i.e., could
be attacked without encountering defense action) was a significant factor
in determining damage, particularly in the 1958 strikes employing doubled

numbers of defense weapons. The reason these targets were free was the
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lack of sufficient low-altitude radar cover. If this deficiency could be
alleviated, doubling the defense weapons would result in considerably less

damege, and the damage in the "basic" cases would be somewhat decreased.

The Offense Sygtem—-Factors Which Would Increage Demage

Although an attempt was made to distribute bombs assigned to the aiming

points in such a manner as to maximize the expected damage within a given
target, this was done only very crudely between targets. More refinement

in the choice of target assignments could have given some increase in the
total expected damage, although this is judged to offer only a relatively
minor improvement (from the offense viewpoint) over the assignments actuslly
uged.

An effect which could have been somewhat larger, although difficult to
achleve, would have been produced by assigning alternate aiming points to
all bonbers. This would have allowed bombers to proceed to other aiming
points when more than one survived to bomb a given aiming point. The use
of alternate aiming points was not permitted in thls study.

The carriers which brought the IL-28's to the edge of the defended
zone in 1956 and 1958 were assumed not to enter the battle region them-
selves. Had they entered this region, they would have served the purpose
of decoys in diluting the defense fire power. Their limited range would
have forced them out of the battle long before targets were reached, but
some increase in target damage would have resulted. In 1960 the decoy
carriers were too slow and too few compared tc the decoys they carried
to have produced much effect on damage by procseding beyond the edge of

the battle zone.
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The Offense System--Factor ich Would Decrease Damage

All of the bomber streams which penetrated the defense system were
assumed to be perfectly timed relative 1o one another in these stfike
calculations. This would be extremely hard to achieve with the flight
distances involved, particularly in view of the variations in winds which
would be encountered. Any deviations from this perfect timing would re-
sult in a build-up of the availability of weapons, possible recycling of
area weapons, the possible employment of augmentation fighters, and other
less effective increases in defense potential. The result could be large
increases in atirition, with corresponding decreases in damige to the
target system.

Alerting of the defenses thrcugh prior intelligence warning or early
varning from other sources would produce many of the same results.

The effects of CEP on bomb damage, which were neglected throughout
the computations of this study, would conceivably degrade the damage by
a sizeable factor. Particularly is this true for SAC bases and the oil
and steel targets. Although an estimate was made that bombing errors
would be fairly small, this could be changed by such factors as bad weather
in the daylight attacks of 1956, difficulties in low-altitude bombing
(especially at night), and ECM against bombing radars.

In all of the 1960 strikes and all but the first (Strike IV) in 1958,
the Soviet attacker was allowed to mske an estimate of attrition which
matched almost exactily the actual attrition which was computed as that
expected for each strike. He was thus able to assign bombs, bombers, and
decoys to targets in an optimum manner. An actual offense commander, in

trying to obtain some foreknowledge of results, would be faced with many
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uncertainties, and might easily misjudge the capabilities and effectiveness
of the many components of the defense. Strike IV presents a graphic example
of the manper in which this misjudgment would affect the resulting damage.
Notice that the offensive and defensive forces in Strike IV were the same

as in Strike VI, which also used the same target strategy. The underestimate
of attrition in Strike IV, however, led to spreading the bombers toc thinly
over too many targets; the result was that atirition was much higher than
that encountered by the more optimal distribution of forces and damage was
only a fraction of that achleved in the other strike.

Finally, in view of the high rate of attrition calculated for some of
the strikes, thé ability and willingness of the Soviet crews to press home
such an all-out attack as that visualized may be questioned. The possi-
bilities of increased aborts, increased gross errors, and other psycho-
logical effects caused by encountering high attrition were ignored in

these analyses.
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