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POTENTIAL CONTRIBUTION OF NIKE-ZSUS TO DEFENSE OF
THE U.S. POPULATION AND 175 IRDUSTRIAL BASE,
AND THE U.5. TETALIATORY SYSTEN

1 —

ATEMENT OF THE PRORLEM

1. The Weapons Systems Evaluation Group hzs been requested
"to evaluate the potential vazlue of the NIKE-ZEUS anti-
veilistic missile system in the defense of population centers,

retaliztory bases, and other pertinent instzllations.

2. "The study should assume:

2. Design specifications of the gystem will be met.
b. A date of availability of the system about 1964.
"The study should develeop costs for various levels of defense
and, where possible, alternzte means of achieving similar

. 1 /
=/
objectives should be evaluated."

BACKGROUND DISCUSSION

3. The bulk of this Report is deveoted to a quantitative
analysis of the cost/effectiveness of postulated AICEM active
defenses and possible compleméntary and alternative defense
measures. The fundamental requirement for an active AICEM
defense 1n CONUS has been established primarily on grounds
other than 1ts cost/effectiveness; thus the results of this
paper serve only to indicate how such an active defense can
be employed, not whether it should be employed. Previous
WSEG studiesg/have concluded that in the budget for CONUS air
defense, active AICEM defense should enjoy priority second
only to Early Warning against bomber and ballistic missile

attack. CINCNORAD has stated the same priority as part of

1/ Director of Defense Research and Engineering, Memorandum
for the Director, Weapons Systems Evaluation Group,
10 July 1959, SECRET.

2/ WSEG Report No. 33 (CADOP 56-66) and WSEG Report No. 30,
TOP SECRET.
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his policy in the "Commander's Foreword" to NADOP, and his 1
concept has received JCS agreement. WSEG and CINCNORAD 2
reached this conclusion despite kﬁowledge of the high cost 3
and technical difficulty of achieving even & moderate active Yy
defense level against ballistic ﬁissile attack. 5

4. The present analysis indicates that an active defense )
such as could be provided by NIXE-ZEUS can protect selected 7
targets in CONUS against attacks in which only small numbers 8
of warheads arrive simultaneously or in which larger numbers g
of warheads arrive so spaced in time as to fail to saturate 10
the defenses. Both of these cases are relevant to possible 1l

future attacks by the USSR or possibly lesser powers. It 1s 12
2lso shown that if the enemy is capable of delivering satura- 13

- tion attacks, either by use of cluster warheads or well- 14
coordinated missile launchings, or if the enemy chooses to 15
explolt fallout in his attacks, that an active defense such 16
as could be provided by NIKE-ZEUS could not, by itself, pro- 17

vide adequate protection to CONUS. Thisg is also true of our

anti-bomber defenses, vet did not inhibit our deployment of 19
such defenses. To be suré, achievement of a given level of 20
protection against ballistic missiles may be more expensive 21
‘than achievement of the same level of protection against 22
bombers, but this cannot deny the political, psychologlcal 23
and military necessity for providéing some active protection 24

to the major elements of our industriazl and militafy potentizl., 25
NIKE-ZEUS is the only compléte weapon system under develop- 26
ment at this time for defense against ballistic missiles. . 27

SCOPE AND ASSUMPTIONS

5. The primary purpose of any active defense system, or 28

indeed, any military weapons system of the U.S. is to a2id the 29
U.S. in maintaining its deterrent to war. In the event 30
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deterrence fails, the purpose 1s to ald in achieving a military

victory and to assist in insuring-the national survival.
Against these goals must be measured the contribution of any

offensive or defensive weapons system.

6. Wnile a sizeable portion of the discussion in this
Report is pertinent to many existent or conceived defensive
weapons, i1t is applied exclusively to the NIKE-ZEUS anti-
ballistic missile system in order to measure its particular
contribution to the achievement of the goals of the U.S.
Since NIKE-ZEUS i1s the only AICREYM defense system under devel-
opment, no comparison will be made in this study with any
competitive system. Rather, other means of realiz;ng Uu.s.
policy are consldered to ascertzin whether there may exist
competitive or more efficient methods to achieve the same

national goals.

7. For purposes of analysis, this study considers the
possible contribution of the NIXKE-ZEUS wezpons system or
possible alternatives toward:

2. Increasing thé amount of our retaliatory forces
that can survive an enemy attack,

b. Increasing the number of people that can be pre-
served from the effects of nuclear attack, and, finally,

c. Ihcreasing the portion of our military, politiczl

and industrial structure that can survive an attéck to the

extent that this surviving industrial base can be used by

the surviving population to successfully pursue a war or

to insure their survival as a nation.

8. In this general framework, then, examination i1s made of

the potential contribution of NIKE-ZEUS to the achlevement of

ég%;ﬁfg: -3- WSEG Report No. U5
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such goals by deployments to population centers, retaliatory
bases, and other pertinent installations. The time period of
interest 1s taken as 1965-1970. |

METHOD OF STUDY

Q. In considering the problem of defending population or
population centers, attention is first focused on the vulner-
ability of population to the direct effects of nuclear attack

(blast, thermzl, and nuclear radiation, including fallout).

NIKE-ZEUS is examined as it might contribute to the defense of

‘a2 porulation no better prepared than today's U.S. population
to withstand the effects of a nuclear attack. In this con-
fext, fallout shelters are examined to gauge their possible
contribution in saving population relative to the active |
defense of population centers by NIKE-ZEUS. For unprepared
population, first priority is given fo the task of increasing

the numbers of people that can survive a nuclear attack

because the effects of fallout so much overshadow the effects -

of blast for an attack involving many ground burst nuclear
weapons that the vulneradility of the population far exceeds
the vulnerability of the industrial plant it uses.

10. In thé case that adequate fallout sheltering exlsts,
the potential contribution of ZEUS to the protection both of
population and the induétrial plant is examined. Since enemy
reaction to any defensive measures must be antieipated, it 1is
pointed out that confidence in the attainment of any level
of protection by the defense must reside to a large extent
in the exchange rate between offense and defense -- a measure
of relative costs to maintain the initial balance if a form
of armament race ensues. This exchange rate concept is use-

ful to the extent that other than economic limitations are

il
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not exceeded. Conditions lwider which ZEUS provides a favorable

initial exchange rate vis-z-vis enemy ICEM's are pointed out.

1
2
Finally, the dependence of an assay of the potential contribu- 3
tion of ZEUS defense on the evaluation of the enemy threat i

5

1s emphasized.

11l. The potential contribution of ZEUS to the defense of 6
the CONUS-based retaliatory system is next considered. Other 7
retaliatory systems which are not candidates for ZEUS defense, 8
such as POLARIS, are not considered. In the analyses used in 9
this section the ZEUS battery is assumed to perform at its 10
maximuan design capabllity to establish limiting case arguments. 11
To examine whether any measure is competitive witb ZEUS 12

defense of hardened missile sites (typified by the MINUTEMAN i3

concept) to increase the number expected to survive an enemy 14
attack, the alternztive of increased MINUTEMAN force levels 15
is considered. Mobility or additional hardening are not 16

examined in detall since reiiable cost information is lacking, 17
but either might be more desirable means of increasing the 18

numbers of MINUTEMAN expected to survive than increased force 19

levels of presently conceived fixed {E = MINUTEMAN, de- 20
pending on the preclse enemy threat. 21

12. Defense of ATLAS and TITAN sites is also consldered, 22
but in somewhat less gdetail. 23

13. Defense of SAC manned bomber bases is examined princi- 24
pally in the context of a successfully operational BMEWS. 25
In this case the vulnerability of the alert portion of the ' 26
force is considered to arise principally :rom insufficient 27
warning of sea-launched ballistic missile abtack and the 28
potential contribution of ZEUS at its maximum design capa- 29

bility is evaluated in this light. Other measures to l1ncrease 30

5 - WSEG Report No. 45
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the number of surviving SAC bombers are discussed, including

air alert and infrared (IR) warning. Protection of air bases

&s such or the non-alert SAC bomber force 1s also examined.

14, Other installations importént-to the operation of the
U.S. retaliatory force or, more generally, to the conduct of
2 war are grouped under the term "control centers' for pur-
poses of this discussion. Such instzllations share charace-
teristies of retaliatory bases as likely direct targets under
most attacks and of populetion centers in that they must be
preserved over longer durations of time in contrast, perhzps,

to installations containing alert or quick reacting forces.

15. The detailed development of these topics 1s taken up in
the Enclosures to this Report which divide the material as
follows:

Enclosure "A": NIKE-ZEUS System Characteristics,
Enclosure "B": Thne Potential Contribution of the

NIKE-ZEUS System in Defense of Population and Population

Centers,

Enclosure "C": 'The Potentizl Contribution of NIKE-

ZEUS in Defense of the Retallatory System,

Enclosure "D": Expected Capabilities of NIKE-ZEUS

Firing Unit Against Possible ICBEM and IRBN Threats.

CONCLUSIONS

TECHNICAL CAPABILITIES OF THE NIKE-ZEUS SYSTEM

16. The estimated effectiveness of the current design of
the NIKE-ZEUS system against a ballistic missile attack is
'quite sensitive to the technical and factical threat assumed.
Assuning the design specifications are metlthe following

conclusions result:

Nl . - 6’ - WSS Feport Mo. 45
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2. The effectiveness of a NIKE-ZEUS battery is high
against an attack which bonsists of single-weapon warheads

and discriminable decoys with at most three warheads

arriving within azbout a thirty-second period.

b. The effectiveness of a NIKE-ZEUS battery is consid-
erzably poorer against an attack which consists of single-
weapon warheads and non-discriminable decoys beceause satura-

tion 1s more easily achieved and the anti-missile complement

W O ~ o WU = Ww e

is quickly depleted.

(W)
o

¢. The effectiveness of 2 NIKE-ZEUS battery is negligi-
bile against an attack which consists of cluster warheads 11
because saturation is practically assured and/or the anti- 12

misslle complement is gulckly depleted. ) ‘ ‘ 13

17. It is still uncertzin whether non-discriminable decoys, 14

weighing appreciably less than the actual warhead, are 15
possible. 16

18. Cluster warheads appear technically feasible for the 17
U.S. todzay, and are under considerztion for advanced U.S. 18
Ballistic Missile Systems. The capability of the USSR to 19

develop such warheads by 1965 has not been evaluated by WSEG. 20
However, developments along these lines do not appear | 21

unreasonable. 20

CONTRIBUTION PRTIOR TO HOSTILITIES

18, NIKE-ZEUS contributes to the strategic posture prior 23

to initiation of an attack to the extent that: _ , 24
a. It increases the USSR's tactical and technical 25
requirements. 26
b. It denies the USSR complete freedom of choice in 27
planning and executing his attack. 28

Spssem -7 - WSEG Report No. 45
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DEFENSE OF POPULATION AND INDUSTRY

20. To survive a nuclear attack; the urban population must
be protected against both fallout and the other nuclear
effects. Rural population requires-principally faliout

protection.

21. Since fallout dominetes other direct weapon effects,
protection against fallout zlone saves more lives than pro-
tection against the other direct effects alone. For compar-
able expenditurass, fallout shelfters are considerably more
effective and reliable than a NWITE-ZEUS system for the short
term protection of the popuiation of the U.S, from the direct
effects of a nueslear attack. The problems of long-term
survival were not studied. Justification of NIKE-ZEUS for
porulation protection alone, without a decision to implement
a fallout shelter program, must rest principally on political

or psychological grounds.

22. Industry located in urban centers reguires active.
defense 1f it is to survive. To the extent that this industry
is required for national survival followlng attack, 1t must
be defended. These requirements for national survival have

not been studied.

DEFENSE OF CONUS-BASED RETALIATORY FORCES

Maznned Bombere

23. Provided that BMEWS achleves approximate design charac-
teristics, the ground alert force may reguire no active -
defense against ICEM attack. Defense of non-alert forces

may be desired.

o4, Against a sea-launched ballistic missile attack, tac-

tical warning eppears marginal. In comparison to a massive

SSep— -8 - WSEG Report No. 45
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ICHY attack, it is likely that the effectiveness of NIKE-ZEUS
- against 2 sea-launched baliisticumissile attack will be

higher because warhead arrival rates are probably below satura-

Furthermore, if the enemy increzses hls submarine forces to

1
2
3
tion rates and sophisticated décoys, etc. are legss likely. 4
5
overcome NTXKE-ZEUS it would increase the probabil;ty of his 6

7

early cCetection by U.S. ASW forces.

Beilistic Missiles

25. Based on present schedules and cost: for MINUTEMAN and 8
NIKE-ZEUS, d1ncreases in Jorce levels of MW ZIAL missiles S
provids a surer ang cheaper method (than WIKI-IZUS defense of 10

a smzller nuzber of MNIWITEMAN) to maintain confidence that a 11

given numher of missiles will survive attack. A mobile sys-~ 12
tem or incraased hardenling mey also attain the objective of 13
increzs:zd force survival, without lncreasing force levels. 14

26. Similar analyses for ATLAS hardened tof
indicate that NIKE-ZEUS is cheaper than increased force levels 16

only if the enemy does not successfully employ pene€ lon 17
aids, | 18

SUMMARY CONCLUSION

27. Achievement of a given level of protection against 19
ballistic missiles may be more costly than achievement of 20
the same level of protection against bombers, but this cannot 21
deny the political, psychological and military necessity for 22
providing some active protection'ﬁo the major elements of our 23

industrial and military potential, ' 24

DISCUSSION

INTRODUCTION

28. The discussion that follows, after a brief description 25
of the NIKE-ZEUS system itself, initially compartmentalizes 26

-9 - WSEC Report No. 45
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the potential contributions of ZEUS defense. Its possible ol
contribution to defense of population and population centers 2
is first examined. Tnen the question of 1ts potential value 3
to defense of the retaliatory force is considered. Only after &4
this are the possible interzctions given attention, whereby 5
ZEUS may render a simultaneous contribution to both missions 6
of defense, perhaps a unigque gquality not shared by the com- T
petitors considered in the foregoing aznalyses. This seems a 8
vali@d way to limit the discussions initially since siﬁuations 9
where ZEUS can provide a real contribution to elther purpose 10
must first be found before the question of multi-contribution 11
can capably be approached. 12

BRIEF DESCRIPTION OF THE NIKE-ZEUS SYSTEM

29, The princibal components of the NIKE-ZEUS anti-ballistic 13

misslle defense system are the local defense centers (each 14
with 2 local acquisition radar (LAR)) which can coordinate 15
and assign multiple ZEUS batteries consisting of ZEUS anti- 16
missile missiles, target-tracking radars (TTR's) to each of 17
wnich is slaved a2 decoy discrimination radar {DDR), and 18
miésilé-tracking radars (MIR's). Included in the proposed 19

ZEUS system are also several fqrward acquisition radars (FAR's) 20

] intended to increase the system's capabilities against ICEM 21
attack from the north by earlier acquisition of incoming 22
missiles. Enclosure "A" presents a detailed description of 23

the NIKE-ZEUS system as presently proposed. A nominal battery 24
configuration has been chosen for discussion in this study.. 25
It is made up of three TTR's (including one DDR per TTR), ten 26

MTR's, and fifty ZEUS missiles. 27

Currently used in most costing studies. The conclusions
of this Report are not felt to be restricted in any way
by the choice of this nominal battery for discussion.

‘% \N"‘JPD - 10 - WSEG Report No. U5
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DEFENSE OF POPULATION AND POPULATION CENTERS

30. The concentrations of population and industrial worth

1

found in the larger U.S. cities are fitting elements of the 2
national structure to éonsider for defense by such a system 3
as NIKE-ZEUS. The vulnerzbility of the industrial structure to &4
the blast effects of direct nuclezr attack is considerable; 57
however, the vulnerability of present-day pOpulation4 to fall- 6
out from direct or indirect attack with ground burst weapons 7
is far greater. TFigure 1 taken from Enclosure "B" indicates 8
the ratalities6 that can be expected in U.S. population from S
various levels of enemy attack for three targeting doctrines, 10
none of which include an appreciabie gmount of direct city 11
targeting as such. | 12
2. Targeting for which weapons are delivered uniformly 13

at random over the entire U.S., the results of which resem- 14
ble those for an attack with major emphasis on reteliztory 15
bases together with some limited t%rgeting of control 16
centers and principal cities. } 17
b. Targeting in which weapons are delivered to regions 18

in proportion to the population in the ;egion; which is 19
roughly typical of an attack concentrated upon the industry 20
and communication and transportation facllitles of the U.S. 21
c. Targeting which seeks to maximizgprPulation fatali- 22

ties by distributing the attacking weapéns optimally for 23
~tis purpose. f | 24

4/ This 1s true of any population without fallout sheltering.
The casualty-producing potential of fallout alone is so large
as to encompass the casualties produced in an actual attack by
all combined effects, That is,almost all casualtles caused
by ground burst nuclear weapons could have been caused by the
fallout alone.

§/ Ultimate fatalities. The greatest uncertainty in calculations
of casualties from fallout is the assumed shielding distribution
for the population. No conclusions of this study will change
unless nearly an order of magnitude increase in radiation atten-
uation over that assumed here could be postulated for an unpre-
pared population. It 1s felt that uncertainty by no more than
a factor of two is probable. Of course, such changes 1in
shielding and population behavior assumptions will change the
actual number of casualties calculated.

=SSRy - 11 - WSEG Report No. 45
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OF VARIOUS TARGETING DOCTRINES, ATTACK ISVELS,
ALLOUY SHELT=RS IN TOTAL CASUALTIES IN U.S.A.
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31. While the results shown in Figure 1 are based on z model
which assumes that the wezpons are delivered at random within
each state of the U.S., it is further true that the mmbers of
fatalitles do not change significantly for an unprepared popu-
lation even if the principal citlies within the states are
directly targeted for the range of attack levels considered

here,

32. To emphasize this point, Figure 2 is presented in which
the fatalities for a campaign which attacked cities only, with
the objective of maximizing urban fatalities, are compared
with the results previcusly shown in Figure 1 for random
attacks proportional to population density and optimized to
maximize I‘a‘calitiés.7 With respect to totzal cesualties the
pure city attack 1s less efficient than either {he optimal
random fallout campaign or the proportional campelign over most
of the range considered. Thils is due primarlly to two
causes: first, in the absence of fzllout shelters the direct
targeting of cities does not cause many more casualties than
does random delivery of the same weapons within the same state,
and second, the concentration of attack in those states with
the most city population has left a much lower level of

attack on large segments of the rural population.

33. It is clear that a sizeable attack upon the U.S., with
its present civil defense posture, would result in something
between a major disaster in the most favorable case shown_in
Figure 1 of attack on military targets with the lowest yield
(500 MT' fission yield, implying perhaps 750 to 1000 MT total
yield), to total catastrophe for the high yields no matter
what the targeﬁing obJjective.

~N Oy UM = W N
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7/ The direct city targeling campaign cannot valldly be compared
to the uniform case shown in Flgure 1, since the geographical

distribution of yield as well as the objective of the attack

are so different.
[ | |
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FIGURE 2

COMPARISON OF TOTiL CASUALTTES FROM DIRECT
CITY ATTACK WITH RANDON L=k #AULOUT MOD=L
(UNPREPASED CASE)
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34, Since an unprepareé Populationlis so vulnerable to
fallout, whateveé the precise details of an enemy attack mey
be, it seems clear that the defense of such a population
must be a defense against fallout as first priority. It
seems clear in addition that the defense of such a vulnerable
population must take precedence over defense of the indus-
trial base until such timegas the disparity in vulneradbllity
(2rising roughly from the disparity between the fallout and
blast effects of ground burst nuclear weapons) is removed.
Stated simply, people themselves are more valuable and at
present more vulnerable than the industrial base they use.
The potentlal of fallout shelters is protection of the
population as such. The potential of NIKE-ZEUS 1s protec-
tion of both population and the industrizl plant. The dis-
cussion that follows examines and compares the potential
contribution of these weapons to the protection of an unpre-

pered population.

35. A rather elaborate shelter program has been chosen
for study. Rough costs of $300 per person sheltered with
an effective shielding factor of 33 are conservatively
estimated. Anzlyses of the advance planning, organization,
and stockpiling required to care for the survivors and com-
mence recovery, has'not been atéempted. Neither has any
comparison of NIKE-ZEUS and fallout sheltering been attempted
beyond their efficiencies in saving population from direct
effects of nuclear attack. Indirect effects sucﬁ as dlsease,
starvation, etc., are not studied. Figure 1 includes curves

for a sheltered population to 1llustrate the appreclable

B/ The sheiter program is aescribed in Appendix "B" to
Enclosure "B".

9/ The shelter itself has a shielding factor of 5000, but has
been degraded to 33 to account for people leaving the
shelter as described in Enclosure "B'.

éﬂ, {/y. f&? 15 - Qsae Report No. 45
URCLASSIFIED

W ® N o6V W N

O S ™ T T .
N OV W O

28



AD-=AJU (LI
) U\/p‘.ﬁ'} Lh h-....
savings in lives that can be attained by the program con-

sidered. 1In particular, the effect of the fallout shelters

is equivalent in all cases to a reduction of the total fission

vield of the attack by a factor of 6.5, as may be verified
from Figure 1.

36. Figure 3 illustrates the possible effectiveness of
active defense or fallout shelters 1n saving population of a
U.S. city of typlcal size for the uniform targeting doctrine
representative of predominately military targeting. Active
defense 1s assumed to prevent all weapon bursts within a 75-
mile radiuslg/of the city. For & 2000-MT ground burst fis-
sion yleld attéck, the 75-mile perfect defense achieveé a
reduction in casualties from 53 per cent to 38 per cent in
the unprepared case. This reduction amounts to about 28 per

cent of the originel expected fetzlities. Thus over 70 per

cent of the fatalities In this city population can be attri-

buted to the background fallout from weapons burst more than

75 miles from the city.

37. The effect of fallout shelters in protecting city
populatidn for this attack is shown in Figure 3 to be far
~more significant than the active delense alone, while the

two combined are still better.

38. These results are of course illustrative for the case
of relatively isolated ZEUS defense units. Figure 3 can be
interpreted for the case of contiguous cover also. In this
case, the graph is entered at a value of "MT total fission
yield ground-burst in the U.S.A." corresponding to the

number of penetrating warheads.

T0/ Nominal coverage 0f a ZtUS battery. See Enclosure "A"
" Tor discussion of coverage.
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FIGURE 3

RELATIVE EFFECTIVENESS OF ACTIVE AND PASSIVE
DEFENSE MzZASURES FOR PROTECTION OF A SINGLE CITY IN AN
ATTACK DIRECTeD PREDOMINATZLY AT MILITARY TARGETS
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39. The situation depicted above changes somewhat for the
case of a significant amount of direct city targeting té
destroy industrial, control, communications, and transporta-
tion facilities. The uniform attack model becomes invalid.
In addition, a more realistic ZEUS performance than perfect

defense should then be considered to obtain useful dezta.

40. Enclosure "B" discusses the case of a direct attack of
a typical size U.S. city by an ICEM containing a cluster war-
head. Excluding background radiztion from attacks on any
other targets,—fallout shelters are more efficlient mezns than
NIKE-ZEUS defense to seve the population of the targeted city
from the direct effects of the attack for ail but.the.larger
U.S. cities in population (roughly 600,000 or greater popula-
tion). If background radiation is considered, fallout

shelters become more efficient for still larger cilties.

L1. Even large scale contiguous ZEUS defense could be
overcome by an enemy that desired to inflict only heavy
population casualties. An example of such an attack, de-
livering large ylelds at only.two points chosen for pene-

tration, is given in Enclosure "B".

42, On the weight of the preceding evidence, it seems
reasonable to Judge that,'for a glven expenditure, fallout
shelters from an over-all standpoint are considerably more
effective and reliable than a NIKE-ZEUS system for the pro-
tection of the population of the U.S. from the direct

effects of a nuclear attack.

43, It is also necessary to consider the more general
problem of protection of the complex of population and indus-
trial value concentrated in U.S. cities. It nust be remenm-

bered that the relative superiority of fallout shelters to
‘% Jw - 18 - WSEG Report No. 45
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ZEUS will decrease as less priority is deemed proper for the "1
mission of saving population as such and more importance is 2
attached to the industrial base. This is true only to the 3
extent that an expected saving in industry is judged worth 4
the attendant.loss of lives throuvgh neglect of adequate fall- 5
out protection. However, it is felt that these guantities 6
are truly disproportionate at the extremely high casualty 7
levels that can obtain for the megnitude of attack reaspnable 8
in 1965-70, as argued previously. A further factor wﬁich has 9
large bearing on the confidernice that can be put in active 10
defense measures 1s discussed below., This is the exchange 11
rate -- a measure of the relative costs to offense and i2
defense when both increase their forces to mazintain an ini- 13
. tial balance. A favorable exchange rate is necessary in 14
order that some measure of confidence can be put on the 15
expected protection provided by z defense system in the rezl 16
world where defense measures can be expected to produce some 17
reaction on the part of the enemy in the direction of in- 18
creased offensive force levels to maintain his desired confi- 19
dence in the result of an attack. 20

L4, In the case that the population is adequately prepared 21
.against fallout, then no competitor is evident for NIKE-ZEUS 22
for the task of protection of boﬁh population and industry. 23
It therefore becomes necessary to ingquire as to the possible 24
effectiveness of the defense that can be provided by the 25
NIKE-~ZEUS system. _ 26

45, Enclosure "B" describes a model descriptive of a defense 27
system that cen be saturated. As indicated in Enclosure "D", 28

z reasonable traffic capability, for simultaneously arriving 29

objects, that may be assoclated with the nominal NIKE-ZEUS 30

i
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battery, 1s four obJecﬁbL The NIKE-ZEUS system in general 1
is saturable if the ehemy is willing to pay the price in 2
missiles required for his desired assurance of penetrating. 3
46. Enclosure "D" describes the results of a computer
simulation of the operation of a ZEUS battery. The number
of missiles that must be successfully shot to achieve at
least 90 per cent confidence ¢f 2 penetration for various
assumptions of degree of simultaneity, for cluster warheads 8
and for ICEM's with non-discriminable decoys, are given 9
therein. 10
47. The choice of this high confidence level sets a reason- 11
able price in missiles that must be fixed by the enemy to 12
achieve saturation of a ZZEUS battery. Prices obtzined for 13
various assumed attack-defense situations are given in 14
Table I, which is taken from Znclosure "B". 15
TABLE T
INITIAL EXCHANGE RATES EETWEEN ZEUS AND ICEM'S
ICRM's per ZEUS po11ar®/
Battery for 90% Equivalent of
Reliability of ICEM for Exchange
Case Penetration Rete PFavoring ZEUS
Simultaneous Arrival
ICEM Capability and
10-Element Cluster Whd 0.4 240 million
Simultaneous Arrival,
No Cluster L 24 million
1 Minute Standard Devia-
tion Arrival, 2 Undis-
criminated Heavy Decoys 4 24 million
1 Minute Standard Devia-
tion Arrival, No Undis-
criminated Heavy Decoys 16 6 million
Slow Arrival, No Decoys 27 3.55 million

2/ The cost slice of a ZEUS battery divided by the exchange
rate, based upon a cost of $96 million per ZEUS battery.
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48. If for any case shown in the Teble it is believed that
the USSR could produce an ICEM for less drain upon its economy
and resources than the dollar equivalent shown in the table
would produce on our economy ané resources when spent on ZTUS
production, then the inltial exchange rate is unfavorable to

ZEUS.

49. The exchange rates listed in the Table presume an
enemy with full knowledge of the capabilities of a ZEUS
battery. Uncertainties can tend to make some of the exchange
rates more favorable fto the defense, since the enemy could
conceivably increzse his reguirements to cover any uncertain-
ties in ZZUS performance. This is less true in cases in-
volving simple saturation of the tracking capabiliéy or
missile stockpile capability (the extreme cases of the Table)
since the enemy will probavly have more certain knowledge of

such gross characteristics.

50. The saturation model previously mentioned has been
employed with the prices in enemy missiles to achieve pene-
tration from Table I to yield optimal attack-defense configu-
rations for ZEUS defense of U.S. clties wherein the aftacker
allocates his bellistic missile force to meximize the popula-
tion fatalities {or the damage to industry);l/in those cities
agéinst a defense deployed t0o minimize these casualties., The
enemy's obJjective against a city is assumed achieved once the
price in missiles to achieve 90 per cent confidence of at

least one penetration is exceeded. Since multiple penetra-

tions are expected from the atfack levels presupposed for

11/ The value added py war manufacfure 1in a2 city is roughly
proportional to the population of the city. Over a large
number of cities the relative population fatalities for
different attacks closely approximate the relative amounts
of industry destroyed.
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12/
90 per cent confidence, this assumption appears guite good.
) - : i 13/
Figure 4 illustrates the behavior typical of 211 these cases
for the threat of ICRI's with ten-element cluster warheads

arriving slimultaneously.

51. At most levels of attack, the defense can increase with
at first no appreciable lowering of the payoff to the enemy
until the vicinity of the exchange rate limit is reached (0.4
ICE®I's to 1 ZEUS battery in this case). Then increases in
defense can lower the payoff appreciably. But, correspondingly,
increases in the attack level can raige the payoffl appreciably,
too. If the enemy can be expected to increase his force
levels to counteract increzses in defense -- that is, if a
form of arms race ensueﬁ -- it is valuable to exaﬁine these
initial exchange ratesiﬁ/;o dzstermine what confidence the U.S.
can put in the protection afforded by this defensive system,
The equivalent costs that must be exacted from the enemy to
render the exchange rate Tzvorzble to the defense zre shown
in Table I, as previously deScribed.

52. It is clear from an examinetion of this Table that

15/
certzin enemy tactice, which appear possibly feasible,

12/ Two penetrations are expected from an attack requiring 16
missiles for 90 per cent confidence of a2 single penetration,
for example; 50 per cent confidence of penefration is
attained at the 1llth missile fired.

13/ Enclosure "B" presents curves illustrative of zll cases
given in Table I.

14/ Eventually exchange rates become less and less favorable to
the defense. Increasges in defense beyond the initlal level
dictated by the initizl exchange rate are zlways less and
less efficlent because clties are then defended but not
attacked since the enemy, moving last, can reallocate his
forces to his advantage. However, this region of decreased

= w P r

5
6
7
8

9
10
11
12
13
14
15
16
17
18

19

efficiency occurs at high defense levels relative to the at-

tacking force level which may, perhaps, be an unrealistic

gituation. This bias for the offense occurs in all situations
of a saturable defense, but is not employed in the arguments

of this study for the reason cited above.
15/ See Enclosures "B" and "D".
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FIGUZE 4

CONTQURS OF TOTAL POPULATION OF CITIES WHOSE
DEFENSE IS PENETRAVED FOX OPTIMAL OrFFENSE
AND Deorullcs DErIOVHMENTS
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FOR OPTIMAL OFFENSE AND DEFENSE DEPLOYMENTS

10,000

S000

2000

CASE: 10 Element Cluster Wearhead,

Simultoneous Arrivel, No
1000 Heovy Decoys, No Exoatme-
spheric engogement .

=1 Price: 0.4 ICBM's/ZEUS Bry.
2 500
¢
g
£
L%
2
< w0
=
E 84 Million
100 76 Million
69 Million
50
61 Million
2 Sk MTH_‘BF—-"" . Limit of Exchonge
e Rote Constancy 2/
45.3 M‘“‘onl et .
W
10
| 2 S 0 20 . 50 100 200 - 500 1000
Total ZEUS Batteries Deployed
1}/ This number should be divided by the estimated reliability to estimate
T the corresponding total ICBM inventory.
2/ In the region obove ond the left of this line constont payoff is maintained
by all changes in forces whose ratio is the "price."
FIGURE 4
-1 WSEC REPORT NO.45

RS =



hasd (EHSHRE)

render the exchange rate particularly unfavorable to the 21
defense (as, for instance, the extreme cluster warhead simul- ‘2
taneous arrival case shown, wherein the impact on Soviet 3
economy would have to exceed the effect an expenditure of L
$240 million would have on U.S. economy for each missile they 5
produced in order that the defense be favored in an armament 6
race). 7

53. For these reasons it appears that ZEUS, to the extent 8
that this exchange rate argument holds true,lé/has principal S

value when the enemy acts less than optimelly (in the sense 10
of employing decoys, or attempting to zchieve simultaneous 11
arrival; or building cluster warheads). If the enemy mis- 12
calculates for whatever reason, then ZEUS can meke & real 13

contribution to defense of population and population centers. 14

54. The evaluation of ZEUS in defense of a prepared popula- 15

tion and of population centers thus reduces essentially to _ 16
an evaluation of the enemy tﬁreat. Unless a favorable ' 17
exchange rate can be postulated or some limit other than 18
econoﬁic be put upon enemy capability,.then no confildence 19
can be placed in the potential protection afforded by NIKE- 20
ZEUS defense. 21

55. Some caution should be exercised in applying exchange 22
rate arguments to citles or other largely non-military 23
targets. Such targets may be of much greazter importance to 24
the defender then the attacker both because of thelr popula- 25
tion and their industrial installations, and therefore may 26

The 1limits of validity of the exchange rate argument must
be realized. If increases in enemy force levels are
impractical beyond certain 1limits set by other than purely
economic factors such as limited avallabllity of launching
facilities, inability to coordinate a larger force, or any
such reason, then, of course, the defense can realize an
advantage 1f no such limits exist for it.
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be worth defending even at an unfavorable exchange rate.

For instance, if -the enemy miscalculates and plans a pre-
emptive strike intended to nullify our retaliatory force,

the destruction of cities might be only a secondary considera-

tion in his plans, If the cities were heavily defended he

might well decide against such a heavy expenditure of missiles
as would be required to penetrate the defenses. Moreover,

such a2 defense could also be useful as a protection zgzinst

W0 O < oM = W -

blackmall by lesser powergs. Citlies, therefore, mzy be the
most likely candidates for NIKE-ZEUS defense. However, it 10
has been demonstrated that fallout shelters provide a higher 11
confidence of short-term protection for the population of 12
cities at lower cost than NIKE-ZEUS. Therefore, a decision ‘13
to deploy NIKE-ZEUS for the defense of cities should logically 14

be acceompanied by a declsion to construct fallout shelters. 15

DEFENSE OF THE RETALIATORY SYSTEM

56. In this section examination is made of the potentizl 16
contribution of NIKE-ZEUS to0 certain elements of the retalia- 17
tory system for 1955-70: hardened missile sites of the 18
MINUTEMAN type, ATLAS and TITAN sites, and SAC manned bomber 19
bases. Attention 1s alsc given to defense of other pertinent 20
installations which are grouped here under the term "control 21
centers." Inasmuch as certain cities might be regarded as 22

control centers in themselves, thét nortion of the discussion 23

below will be pertinent to them, zlso. 24
57. Throughout the following discussion, the NIKE-ZEUS 25
battery 1s postulated to perform at the maximum capabllity 26

provided by its design specifications. The enemy attack is 27
assumed to be a gquite poor strategy -- namely, to fire its 28

missiles so slowly that the ZEUS battery can engage each 29

- 25 - WSEG Report No. 45
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separately and use its stociplle of fifty missiles in the
optimum manner to maximize the number of missiles the enemy
must shoot to achieve 2 given level of confidence of

penetration.

58. When the enemy desires 90 per cent confidence of pene-
tration in this postulated situation, he must fire no more
than twenty-eight missiles zgainst any NIKE-ZEUS firing doc-
trine. This then is the assigned price to the enemy that he
must pay to penetrate each battery deployed. Fifty per cent.
confidence of penetration in this case is attained at the
seventeenth missile the enemy fires. The expected theoreti-
cal maximum price a ZEUS battery could exact is forty enemy
migssiles (0.80 x 50}, but such 2z defense strategy-of one
ZEUS missile per incoming IC2M could be profitably employed
only when the defense was absolutely sure the ZEUS battery
was not the target. If the battery chose this firing doc-
trine and was targeted, 90 per cent confidence of penetration
would be attained by the enemy at about the eleventh missile
fired. On the other hand, a lower price than twenty-eight

was shown previously for the case that the enemy attempts

simultaneous arrival and the ZEUS cepability only permits

simultaneous handling of four objects. With a reasonable
spread in arrival times, a price of only sixteen misslles
was exacted for 90 per cent confidence by the enemy when he
attempts to saturate the traffic-handling capabllity of a
ZEUS battery. However, the hiéher price of twenty-eight

will be used in the following discussion as representing

»a maximum ZEUS capability.

59. To ascertain whether any other measure was competitive
with ZEUS defense of hardened misslle sites such as MINUTEMAN

on a cost-effectiveness basis, the alternative of lncreased
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MINUTENMAN force levels was examined. Enclosure "C" estimates

that about twenty MINUTEMAN sitgs could be established at the
cost of a single ZEUS battery.iL/ It must therefore be Jjudged
which measure can provide the larger number of surviving
MINUTEMAN sites from an enemy attack. If each enemy missile
could destroy one MINUTEMAN site, the alternatives would be
about comparable (28:20). If it is believed that more than

one enemy missile would be regquired by an attacker to achieve

his desired confidence of destroying the A MINUTEMAN
site, then the zlternative of increased force levels becomes
more favorable. In particular, if the enemy is assumeé to
desire 90 per cent confidence of destroying & MINUTEMAN site
with a missile of 8-MT yield and l-n.ml. CEP, then he would
require three per MINUTEMAN site and the ratio becomes 28:60.
The disparity becomes iwmuch grezter if the enemy threat 1s not
so severe as indicated above (especizlly if accuracy be
worse than 1 n.mi.) or if the ZEUS performs a2t less than

its maximum capability, or finally, if the enemy zttempts to
achieve saturation of the ZEUS battery, perhaps even to the
extreme measure of employing cluster wérheads. In general,
then, increased force levels and ZEUS defense are not at

2ll competitive measures to increase tﬁe number of MINUTEMAN

sites that survive an enemy attack. Increased force levels

are far more efficient.

60. The alternative of mobile MINUTEMAN is discussed
briefly in Enclosure "C". If the enemy capability increases
until the survivability of fixed %EE@%E@ MINUTEMAN 1s in
-doubt, then a moblle system may be considered. The cost
ratio to ZEUS is given as a preliminary estimate in

17/ See Enclosure "C" and Enclosure "A" for ZEUS systenm
costs.
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Enclosure "C" as ten moblle MINUTEMAN to one ZEUS battery.
The efficlency of such a heaépre to increase the surviving
numbers of MINUTEMAN has not éeen further examined, but in
the absence of an efficient and rapid enemy intelligence
system, 1t appears that such a measure would impose much

higher requirements in enemy force levels than a ZEUS dsfense.

61. The alternative of increased hardening of fixed MINUTE-
MAN sites has not been examined, since cost data are laciing.
This measure, like those above, may also be an efficient
means t£o increase the surviving numbers of MINUTEMAN sites.

No basis for Judgment exists &t present.

62. Hardened@ ATLAS or TITAN sites are considered in Enclo-
sure "C" in the same manner as MINUTEMAN sites were con-
sldered. Parity in the enemy force levels imposed by in-
creased force levels and ZEUS defense is noted there at an
enemy missile capability of 4 MT' and spproximately 1 n.mi.
CEP, whereln two ZEUS batteries are con51dered the equivalent

in cost of an ATLAS or TITAN squadron of nine missiles at

dispersed G 8iltes. Inasmuch as many of the presently
programmed ATLAS and TITAN sites are within the area ol a
SAC manned bomber base that a ZEUS could defend (within 75
miles), thelr defense might be thought of as a bonus if
ZEUS batteries are deployed to manned bomber bases. However,
if the enemy pays the price for penetration to one target
he can get the other for no additionzl penetration price.

If the ZEUS be considered to perform at less than its maxi-
mum capabilify, or the enemy threat be judged less than
that indicated above, then ZEUS defense is not competitive
even with increased force levels for ATLAS or TITAN. For
this case in general, though, the situation 1s far less

clear cut than with MINUTEMAN.
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63. It is aifficult to assess the vulnerability of the SAC 1
manned bomber force through 1965-70. If a successiully 2
operational BMEWS be granted, the prinecipzl threat, at least 3
to the alert portion of the force, arises from sea-launched L
ballictic missiles (SLEM's). Enclosure "C" considers this 5
case in some detail. It appears that, even with infrared 6
varning of 5-10 minutes, ZEUS defense c¢could contribute to T
saving a portion of the alert force, especially at those 8
bases closer to the sea which could expect much less warning 9
of attack from an infrared system than those further inland. 10
ZEUS deployments to SAC manned bomber bases zlso could 11
contribute to survival of the bzses themselves and perhaps iz
thereby a portion of the non-alert bomber force. If defense 13
of only the alert bomber force (considered here 2s one 14
third of the total force) is required, then air alert for 15
2 limited number of years appears competitive with ZEUS 16
defensegg/and is, of course, a much surer means of preserving 17
the alert force itselfl. 18

64, The preceding'arguments, based on the exchange rate 19
between offense and defense, are applicable in some part to 20
the situatlons described in this section., It should be 21
emphasized that enemy reactlon to any defensive measure 22

must be anticipated and that little confidence can be placed 23
from a long-range point of view in a defensive system handi- 24
capped by an unfavorable exchange rate. However, it appears 25
that practical 1limits may exist, especially, perﬁaps, where 26

increases in submarine force levels be considered. In this 27

18/ Air alert for one third of e 16-wing B-52 force
figured on a per base share amounts to $67 million per year
from the figures given in Enclosure "C". This 1is to be com-
pared with the $96 million cost cited for a ZEUS battery.
If the equivalent of two ZEUS batterles were required per
base (perhaps to cope with a cluster warhead threat), then
an equal expendlture could provide almost three years of
air alert.

el
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cese, too, the initial'exchange rate may be favorable to the
ZEUS system, especizlly if such threats as cluster warheads

could be considered less serious.

65. Control centers share characteristics of both popula-
tion centers and retaliztory bases. Like retaliztory bases,
they are likely direct targets uvnder any ressonable attzck
strategy, and like population cenbters their imporitance does
not decrease with the passege of Time, in possible contrast
to instezllations containing zlert or quick reacting forces.
Control centers for thes:s reasons are pernaps among the mﬁre
attractive candidetes for ZEUS defense, azgain providing the
U.S. can have confidence that its defense enjoys a favorable
exchange rate or that other then economic limits restrict
increzsed Soviet force levels. Alternstive means of protect-

ing control centers have not been examined.

POSSIBLE MULTIPLE CONTRIBUTIONS OF ZEUS DEFENSE

66. It is reassonzble to examine here whether ZEUS defense
of portions of the retallatory force, by reducing the fall-
out from an enemy attack, can contribute to the defense of
population. While such reductions can have real benefit,
as shown in an earlier section, 1t is not evident whether
such deployment of a ZEUS system would have actuzl payoff in
reducing population cesualties. 1In particular, i1 the enemy
can be expected to maintain his confidence of destroying a
given fraction of the defended retaliatory force by increasing
his force levels, then the over-zll casualty levels 1n thé
eveﬁt of an attack would be higher, since the ZEUS system
wﬁuld obtain its constant level of attrition, but against

a larger azttacking force.

67. The inverse case might appear more favorable, whether

ZEUS defense of population centers can contribute to defense
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of a portion of the retzliatory force, since a number of SAC
bases are located within 75 miles of major population centers.
As pointed out earlier, however, no bonus acerues if the
enemy chooses to pay the price of penetration in order to
‘attack either target, since the other target is then avail-

able for no addifional penetration price.

68. Other possible interactions have been poinfed out in
earlier sections but can be reiterated here. Cities con-
sidered to be control centers may be valuable candidates for
ZEUS defense. Missile sites located within the defended
area of a SAC manned bomber base, however, cannot be con-
sidered defended beyond the price of penetration for either

target.

OTHER CAPABILITIES OF THEE ZEUS SYSTEM

69. Capability against air-supported wezpons is not
included in the presently programmed ZEUS system. A rather
interesting capability for an improved ZEUS system is the
anti-satellite defense. While possibly desirable, such capa-
bility to destroy satellites could‘probably arise in develoﬁ-
ment without the deployment of the sizeable force levels
concelved for defense against ballistic missiles.

70. The potential of the ZEUS acquisition radars fo pro-
vide early warning might be worth‘exploring.lg/ While BMEWS

is probably a more efficient means to obtain warning of ICEM
zttack, since they are designed for thaet purpose, the LAR
radars of the ZEUS system might be utilized to provide a
measure of warning against attack by sea-launched ballistic

missiles. However, as pointed out earlier, 1t is not felt

10/ Enclosure "A" discusses this early warning capability.
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that infrared warning of sea-launched ballistic missile
attack from the moment of launch could guarantee the séfgty
of the U.S., alert manned bomber force. Therefore, warning
8till later, from first penetration into LAR coverage, could
not guarantee any greater savings. In the case that an
infrared warning system does not exist in 1965-T7C, then any
varning provided by the ZEUS system itself to bases further
inlend could be valuable, if the necessary communication net-
work be established. If an infrared warning system does
exist, then the value of Z=EUS for warning would lie more in
a redundant backup capability to inecrease insurance of

obtaining warning of attack by sea.
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To develop a statement from Army and other sources of the
characteristics of the WIKE-ZEUS system. These chzracteristics
snould include those design specificziions or expected perform-
ance values which are pertinent to an evaluation of the_potential

uses of the system.

DISCUSSION

CERERAL DESCRIPTION

2. Mzjor Components and Functions. The NIKE-ZEUS system is

comprised of misslile baiteries, zcguisition and tracking radars
for defense against high performance, high altitude targets. It
empleys rader tracking data in command guridance throughout the
engagement .to direct 2 high performance guided m*ss1le designed
to intercept ballistic targets with sufficient accuracy to desiroy
their warheads by nuclear bursts. Acgulsition data 1s provided by
a local zcguisition radsr ssrving one.to ten or meore NIKE-ZEUS
batteries, eazch of which may be tens of miles apart. Associated

. with each local acquisitidn radar (LAR), and its track-while-scan
radar data processor, is a local defense center (IDC). The indi-
vidual battery includes missiles and launchers, ftarget tracking
raders (TTR), missile tracking radars (MIR) and digital guldance
computers. A decoy discerimination radar (DDR) is directly
associated with and slaved to each target tracking radzar. The
foregoing system has an autonomous capability against all ICEM
and IRBM targets. To attain the full range zgainst the smallest
ICBM targets, forward acguisition radars (FAR) are provided and

located 300 to 700 miles in advance of the local defended area.
Ezach FAR site has communicatlon links to three or more LDC's.
Ezch NIKE-ZEUS missile is provided with a nuclear warhead and

e (1SS
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multi-stage propﬁlsion and utilizes a combination of zerocdynamic
znd reaction control based upon command guidance for intercept

within or outside of the ztmosphere. The entire NIKE-ZEUS system

benefits from early warning received from BMEWS and other warning
systems, ang in turn is czpable of supplying data to NOR&LD, SAC

or other azgencles.

3. Typiczl Anti-TCBM Engagement. The ICBM's are acquired by

the forvard acgquisition radar at a range from 500 to 1,000 n.mi.
from that radzsr, as portrayed in Figure 1. Considering the forward
deployment of the radars, it is anticipeted that initizl detectlons
will occur from 500 to 1,100 miles or more from the area defended,
the exact ranges being dependent upon radar ecross-section of the
targets. Such early detection wilil provide 200 to 300 seconds of
date on each ICBM prior to ZEUS missile lzunch zgeinst each. The
forward acguisition racdar detects the signals in noise and passes
the signals to the zcguisition radar c¢ata processor. The latier
cevice correlates the signals, initiates tracks on the targets,
stores and updates track-while-scan cztz and predicts the intercept
points for up to 200 sepzarate tracks. Those local defense centers
capable of engzgement are provided ICEBM target and intercept
position data and battery zssignments may be made. The local
defense center then acquires these targets with its local acqui-
sition radar and the assoc¢lated redar dztz processor. The LAR

and its datz processeor, in turn, provide traclk-while-scan data on
each target (up to about 200) to the displays at the IDC. Data on
a specific target also goes to one of the three target intercept
computers at the proper battery. At the earliest proper time, a
NIKE-ZEUS missile is launched and guided to 2 predicted intercept

by radar command from this {digital) target intercept computer.

The command may be based initially on zequisition radar target
data. Up to this time, the computers may lump groups of tracks
closely spaced together into 2 "eloud" {such as z target and
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DESIGN MINIMUM COVERAGE OF NIKE-ZEUS SYSTEM
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decoy complex). Data on the track in such a case includes the

extent of the "cloud". The NIKE-ZEUS missile is tracked continu-

cusly from lazunch until burst and commanded by the missile tracliing

radzr, while the target tracliing radar zegquires the target or
target and decoy "cloud" for purposes of decoy discriminetion by
the deceoy discrimination computer znd for zenerztion ¢f precise
target data for the target intercept computer. The decoy dis-
crimination radar slzved to the tazrget tracking radaﬁ anc having
2 beam width varizble with range zssists in the decoy discrimi-
netion function performed by the decoy discrimination computer.
At the proper time the nuclear werhead of the ZEUS missile 1is
detonateé by computer command to intercept the target selected

from the decoy and target complex.

L. NIKE-ZEZEUS Battery Composition. To meet the requirements of

lzrge traffic capacity, the target tracking radars, missile
tracking radars and decoy discrimination radars are numsrous.
Although the eguipment is designed so that a battery may be
composed of twice the stated number of any of the key components,
the current NIKE-ZEUS battery configuration would include nine
missile tracking radars, and a tenth serving as z spare, three
target tracking redars and three associated decoy dilscrimination
radars in each battery. Thus ﬁp to three groups of targets at
the same elevation and azimuth could be tracked simultaneously by
each battery. The missile tracker unit time shares the outp&t of
the three tazrget Intercept computers at each bettery. Character-

istics of the NIKE-ZEUS radars are presented in Table I.
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NIXE-ZEUS SYSTEM RADAR CHARACTZRISTICS
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5. NIKE-ZEUS Missile. A high performance rulti-stage rocket

using combined zerodynamic and reaction contrel in a Canzrd con-

figuration is to be used as the NIKE-ZEUS anti-missile missile.

A solid rocket booster provides thrust for 5 seconds and then
separates at about 5.4 seconds after lsunch. A sustainer solid-
propellant rocket stage then fires, and by providing zbout 36 g's
of axial accelerétion, increases missile veloclty %o 11,400 ft/sec
a2t burnout within about 1§ seconds after launch. Aerodynanic
guidance is provided during sustainer action by the single guldance
unit associzted with the jet head. Upon seperation of the sus-
tainer or 2t any time 1t is required thereafter, the jet head is
fMurther maneuvered by the same auvtopilot and guidance unit to
eliminate end game errors. A solid-propellant reaction motor
providing 100 g seconds of impulse exhausts for & seconds through
four swiveling nczzles embedded 1n the aerodynamic contrecl surfaces
to provide exoztmospheric control. A 20 g maneuver capabllity is
maintained above 100,000 ft. altitude out %fo nearly 25 n.ml. and
above 90,000 ft. altitude to beyoné 50 n.mi. Times nf flight and
maneuver capabilities of the Wingless NIKE-ZEUS misslle are shown
in Pigure 2, together with the 75-second time-of-flight curve for
the Winged (R&D) NIKE-ZEUS missile it will replace. The thermo-
nuclear warhead for the tactical NIKE-ZEUS will be the XW-50

weapon,

- 1/ Tnis missile is described in "Proposed Canard Control NIKE-ZEUS
Missile," Report SM-35775 Douglas Aircraft Co., Inc., dated
June 1959. Initial R& flight tests beginning in 1959 will be
performed with a missile of earlier design described in most
prior studies. The new missile is intended to glve increased
range, shorter fimes of flight, greater simplicity, reliability
and growth potential and is currently scheduled for flight
testing in 1960. From a system point of view this increased
performance is equivalent to doubling the power of the acquisi-

tion radar. UQMQJ
[y
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which may conslderebly extend the lethal radius. Some design

characteristics of the Wingless NIKE-ZEUS missile are listed in

Table II.
TABLE II
NT¥E-ZEUS MISSILE CEARACTERISTICS
Booster Sustainer Jethead  QOver-all
length 16! 11.s5"
Diameter L3, 1" 36"
Propellant Type Polysul- Polysul- Peclysul-
Tige fide fide .
Burning Time (sec) L.5 12 -8
Max. Velocity, Burnout, 11,400 11,400
(feet per second)
Gross Weignt, Takeoff 11,761 20,000
(1b)
Gross Weight, Burnout (1&) . 3,700
| 2/
6. Decoy Discrimination. The NIKE-ZEUS system is designed

to perform decoy discrimination a2t each battery. Information
‘from the tzrget tracking radar and an associated decoy diserimi-
nation radar constitute inputs to a decoy discrimination computer
at the battery. The computer programs through each possibllity
for discrimination, performing most tests similtaneously. OQut-
side of the atmosphere; discriminetion could result from exami-
nation of signal amplitude, fluctuations in echo amplitﬁde from
the same target from pulse to pulse {any amplitude fluctuations
due to scintillation or tumbling rate), or variations in echo

as a function of transmitted frequency. Within the atmosphere

2/ For a discussion ol decoy discriminstion problems see
Enclosure "D".

E Enclosure "a"
WSEG Report No. 45




- = L L4 [ = = L *J L " -]

s EFINEMIC eNeBat ACT ow/ -
ECRET J '

nr LCarD DATA g

/

the degree of ionization, the spectrum znalysis of re-entry

rediztion (including the infrared reglon), and aerodynamic

slovwdown azre amonz the possible discriminztion tests. The phenom-

enad which will be utllized and the mechanization of the diserimi-
nation have not yet been specified pending further tests. How-
ever, the eguipment to provice necessary inputs has been specified.
Prior to diserimination, each target tracking radar will track the
center of a "cloud" of undiscriminated targets, whether decoys or
re-entry bodies. Coverage of the volume through which suen 2z
cloud passes would reguire a dizmeter of 25 n.mi. and extend .
from 50 to 250 n.mi. in range, exceeding the field of view of the
tzrget-tracking radar. The problem is solved in twe steps.
Adéitionel wide-angle coverzge 1s obtained from the decoy-
Giscrimination radar slaved to the TTR tracking mount. The DDR
has its own transmitter and receiver circuits and provides range
and angle error signals to pesition the TTR. Each signal Irom
the DDR is resolved in range within 40 yards (resolution to ten
yards could be provided if desirasble) and carried in a separate
digitzl range gate. Second, the DDR beam width is varied from
five degrees at 300 n.mi. to 20 degrees at 75-n.mi.‘range to
maintain coverage of the 25-n.mi. dlameter terget zrray. Because
of this broad beam, the decoy diserimination radar employs higher
peak power, & longer pulse and lower frequencies than the target
tracking radazr to zttain comparable range czpabllities. The
initial decoy discrimination computer utilizes approximately 100
tracking gates and can perform up to.100 sepsrate diserimination
tests simultaneously. This equipment 1s modular, and additional
data processing eguipment could be added to increese to any

required capacity.

7. A possible sequence of decoy discrimination by the NIKE-
ZEUS system is as Tollows: the TTR-DDR radars are locked onto a

SRS gy
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target and decoy cloud based upon data received from the FAR and
LAR. Indivicdual trecking range units are distributed among those

targets having larger signel zmplitudes and all out-of-the-

gtmosphere discrimination technigques zre applied to the radar
responses. Unless complete discrimination has occurred, the TTR
is now locked on a parcicle near the center of mess of this cloud.
As re-entry occurs, the veloeity histories of the particles zare
zscertained and compared. Tnose particles having very low bal-
listic coefficients are dlscriminated as lizght decoys, anéd from
the ballistic coefficients and other charzcteristics of the re-
maining particles, the numter of potential targets is consider-
ably reduced. &t this point, the TTR 1s slewed to the closest
or earliiest of these remaining targets, other TIR's are slewed to
the other targets and missiles which have been previously launched
are redirected, or additionzl missiles are lzunched to the indi-
vidual remeining targets. Launch time is automatically selected
with consideration %to the resulting intercept altitude (ground
ffects), number of targets remaining, and required missile

maneuver time. The salvo size to be fired against each target
will be determined as a function of the operational relilabllity,

' the number of missiles remaining in the stockplle, and the number
of targets remaining after discrimination. Consideration is
being given to the use of a precursbr burst a2t altitudes up to

3/
the maximum range of the missile as an a2id vo discriminstion.

One version of the presently planned warhezad could produce =

“pef cent of the energy relezsed as X rays if
g
~ desired for such purposes. Meteorites are removed as &z discrimi-

vield and up to &

nation problem in the R&D model by gating out z2ll new targets in
the 50 to 75-n.mi. zltitude zone.

3/ 300 n.mi. is tne maximm apogee of the Wingless NIKE-ZEUS
missile.
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o. Communications andé Control. An extensive communicaticons

system 1s a vital portion of the NIKE-ZEUS system. The network

reguires long-wire lines, redundaney in switeching and rouvting,

high relizbility, and great flexibility. Trunk lines to lorward

acguisition radars will be severzl hundred miles in lenztn. Other
elements of the system azre interconnected by shorter lines. The

ta sent from an acquisition racdar includes position and velocity
coordinates, guality of datz, time, and wvhether the data pertains
to 2 single target or a2 "cloud." The message will recuire approxi-
mately 200 bits and the contractor estimates the totzl time re-
guired to send the 200-bit messzge (including coding, decoding,
switching, transmission delay, and fault-checking) will, in 99
per cent of the czses, be lower than 0.4 seconds.% Tne data
system design is based on a2 tit transmission rate of 750 bits per
second. In theory = message can go to any portion of the system
from any other portion in the manner of direct-dialing long -
Gistance telephone comimunications. In practice, most of the
messages will follow a more consistent routing. For example,
the FAR rmst decide that 2 target exists, is hostile, and will be
of interest to one or more addressees. The Ballistic Target
Assigner =zt the LDC must operate on such messages from the FAR
(or LAR) to assign targets to those batteries having the highest
engagement czpability for that target and wnich are not previously
fully committed. The data from 2 LAR is the primary source for
BTA operations. Target assignments zre based primerily on pre-
dicted impact points and predicted times of intercept, with
priority to those targets constituting the greatest threazt from

both considerations. Since track data is passed through 211 LDC's

ﬁ/’NIKE-ALuS TEngineering Concept Review," ARGMA, 3-6 March 1959,
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hzving batteries within range to Intercept the target, the

-.-,..

essignment process may proceed simultaneously zt more than one
2TA. Eowever, when an assignment to a2 battery is made, z clziming

message is sent to other IDC's. Cormmunications of terget messages

to the battery from the LDC (3TA) ineclude tags of impact priority
en? the time parameter. Following each engagement, thes bzitery
reports results to the BTA which holds this information as part
of its Hostille Tergets Summary. Salvo sizes are defermined at
that time on the basis of the total remaining missile inventory
for 211 batteries controlled by that LDC. Assignment of 2
nostile target to z battery, includiﬁg coordination with othér
IDC's, is expected to be completed in less than one second. The
IDC mazintzins displzys for monitoring 211 ftarzet battery essisn-
ments, and monitoring personnel mey view the progress of engage-
ments from the stendpeoint of any defended point by pushing an
appropriate button requesting a survey from that point. Veapon
assignment 1s normally an aﬁtomatic funetlion, but z manuzl over-
ride is also provided. The indlvidual firing batteries zlso
have equipment and displays, termed the Battery Control znd

Monitofing Group, for monltoring individual engagements.

9. Self-Provection of the System. Design of NIKE-ZEUS
structures and eéuipment has teken into consideration the neces-
sity for protection of the system from nuclear-burst effects.

11 elements of the battery are being designed to withstand 5 psi

overpressures. In the case of the TTR, this involves a2 rzdome of

polyester glass pressurized at 5 psi. At the local defense

o/ tIfective range ol a NIRE-ZBUS battery at present 1s limited to
about 75 n.mi. by system zccuracy. The current BTL estimate of
over-all accuracy, as briefed to WSEG at AOMC on 22 July 1959
is a 5 = D = z = 150 ft. This means that 99 per cent of

the re 1ablé missiles will miss by less than 550 feef at
75-n-mi. range. The new missile has zadequate maneuverability
and about 60 sec. time of flight to this range. The 550 ft.
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level, the IDC building is being designed to withstané 10 psi.
The LAR ané FAR receiver hemispheres are the sofiest elements of
the system {assuming adequate communications hardening). These
are estimated by the contractor to withstand 2.4 psi from over-
hea¢ burst and 3.3 psi from low angle of incidence. The 2.4 psi

overpressure would resuli from thei #: NIKE-ZEUS werhead burst

at 17,600-foot altitude or from a 10-MT hostile warhead burst at
60, 300-foot altitude a2t the zenith of the radome. For these
reasons and for consicderations of safety to the populztien,
NIKE-ZEUS planning considers 20,000 feet their minimunm szfe
altitude for engagement. Moreoﬁer, the LAR/IDC is to be sited
within the periﬁeter of the NIXE-ZEUS defenses with provision for
Input of remote LAR deta to the IDC as regquired. All sensory
elements of the NIKE-ZEUS system azre protected by the system
tself except for the FAR. Additional hardening of the FAR and
LAR antennas to 5 psi 1s under consideration. The contractor
considers this hardness attalnable by incrgasing the density of
the loaded-foam blocks constituting the antermz without changing
their dielectric constant. Fire unite (batteries) comprising
any given loczl defense will be separated to recduce the likelihood

of their simmultaneous destruction.

RELATION OF NIKE-ZEUS TO ICEM DEFENSE

10. Currently Avsllable Svs*ems. By decision of the Secretary
| o/
of Defense, the Army was assigned responsibility for "research

and development work on local zcquisition and target tracking
. radars" and the "defense missile for the active portion of the

ICBM defense system." This has resulted in the NIKE-ZEUS

Memoranaun lor the Secretary of the Army and the Secretary
of the Air Force, "Anti-ICBM Program,"” Office of Sesretary of
Defense, 25 April 1057.
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cevelopment To date. The same decigion directed that the Air
Force develop the "advanced acquisition radars required for the

active defense system" and development of the "early warning

system." Thus the Air Force has developed and is currently
instelling the BMEWS system for early warning. No other ezctive
enti-ICBM or anti-IRBM defense system is currently aveilatle

or in dGevelopment.

11. Defense in Depth. The BMEWS system which provides desirable

ezrly warning to NIKE-ZEUS, as it does to other elements of the
defense and retzliatory forces, is zt present the only forwerd
extension of the ballistic missile defense system. Other concepts,
such as MIDAS &nd active systems for engagement of IC3M's during
the propulsion and mid-course trajectory hazve been proposed. The
NIXK=-ZEUS, which 1s essentvizlly a2 terminzl system, would be
compatible with other systems which operate earlier in the bal-
listic missile trajectory. 'Based upon current thinking in air
defense, 1t would appear desirable to have defense in depth
against bellistic missiles (i.e., extending the duration of the
batfle in both time and space). In this concept, NIKE-ZEUS
would be the "clean-up" system required to engage those targets
which evade the longer range or earlier engazgement systems. The
U.S. Alr Force has study contraéts for consideration of such

1/
anti-ICBM systems.

12. Growth Potentizl. Experience with earlier NIZE systems

indicates that improved performance of many components of the
NIXE-ZEUS system should be expected with the passage of time.
For example, the decoy discrimination radar which would initizlly

7/ For exsmple, Convair "Systems Study in Defense Against Ballistice
Missiles," Tech. Report A0-37-59, 1 December 1053-31 May 105Q.
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employ a 20-megawatt, 20-microsecond pulse transmitter glving
+5 db signal-to-noise ratio azgainst & 0.l-scuare meter terget at

a range better than 600 miles, should improve to 60 megawatts and

50 mieroseconds giving the same performance against a target
having 2 cross section of only 0.0l-square meter. The introductién
of MASERS 1s zlrezdy contemplzted in the receiver systems of the
erget tracking racers for greatly improved performance. Peak
power of the acquisition radars is expected to increase from 5
negawatts to 20 megawatts, &and higher acguisition radzr fre-
guencies may be sought to eliminzte blackéut gffects and beam
bending due to nuclear bursts. The wingless configuration of
the NIKE-ZEUS missile z2lready represents a growth from the original
winzed design, but it has z specific impulse (Isp) of just over
220 seconds. There is no rezson to believe that an even higher
performence missile with higher specific impulse fuels could not
ule ately be developed if required, as the state of the missile
art and needs of the system progress. The greatest irmediate
requirement for growth is probably in the field of decoy dis-
crimination. All of our studies have shown that traffic handling
capacity, set largely by the number of TIR's in each battery, is
a e¢ritical problem. Successful development of an appropriate
electronicelly phased array antenna to replace the TTR's plus
an increase of computer capacity could guite abpreciably

enhance the traflfic capacity.

13. Application to Other Targets. The NIXE-ZEUS system is

designed primerily to counter ICZ2M and IRBM targets. The Wingless
NIXE-ZEUS missile has maximm ordinates up to 400 n.mi. znd the

guidance system 1s readily adepteble to use as an anti-satellite

system. For such an zppliceation, 1t probably would be desirable
to 2dd an zdditional propulsion stage. In the opinion of the

a single-phase to & two-phase
NIRRT
Nl
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jet head control engine would be the only major change to the
basic missile reguired to attain a substantizl anti-sztellite
capability. No substantlal research and development effort 1s

currently going into the antl-zirborne aspects of NIKE-ZZTS, es

a result of an Army decision fo concentrete available R&D fimds
on the anti-missile missile system., However, such an anti-zir-
craft applicetion could be developed. The NIKE-ZZUS csystem,
preferably with acquisition capabilities extended to cover
lower zltitudes of approach, could answer much of thé threat
from boost-glide, zir-lzunched bzllistic missiles and other zir-
tosurface missiles. DBecause of the capablility of the ccomputers
to back-track the trajectory, the system may zlso prove to be of
some value In anti-submarine warfare by cquickly locating those
submarines which have launched bsllistic missiles, Its useful-
ness will depend unon the aceuracy of location, which has not
been znalyzed in this paper. DBecause no other active anti-IC3M
system has reached its state of development, the NIXZE-ZEUS effort
hes been directed primarily toward meeting the bzllistic missile

threzt.

. OPERATIONAL CONSIDERATIONS

14, Alert Requirements and System Mzintenance, Tne NIKE-ZEUS

system is belng designed for continuous operation. Those elements
(such as the missiles) which are not so operated are available
with less than 30 seconds warning., Most elements of the system,
such 2s acquilsition radars and computers, displays and communica-
tions in particular are in the continuous operation category.
Three shlelded caps which rotate with the acquisition radar
receiving anfenna are to permit maintenance to be performed while

that radar is in operation and the antenna is rotating. Trouble

o/ Acquisition data accurate to within one beam width (12 mils)
is required for designation to, and acquisition by, the NIKE-
ZEUS TTR. In the hemisnher%cal LAR designs the unceruainty
in elevation is 4 mils at 3~ and 12 mils at 0.5° elevation as
a practical limit on target acquisition. These low angles are
not expected to occur 1n the ballistic missile cases,

!
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glarms and maintenance consoles are to be provided for 211 oper-
ating equipments. Self-checking programs and fault-loczting

indicators characterize the entire system, which shouléd operzte

more like a commercial television station and telephone network

then like the more familiar military radars and military racdios.

Trie TTR/DDR end MIR are &ll to be completely automztic znd self-

checking. They c¢an contihuously exercise and check themselves

at all times when not in zectual engegement. Shut-down of a

TTR will inevitably reduce traffic cepacity proportionzlly {(i.e.,

by one-thiré in a nominal bzt vs). Recdundancy of compuiers and
's, and provision for input to an IDC of 21l reguired LAR data

from a remote source instead of the assceizfted LAR, will give the

individcual defenses and batteries a capability for continuocus

operation in the event an individual radar must be down briefly

for mechanical repalr. Such down-time would usuzlly be scheduled

on a defense-wide basis to minimize the reduetion in de;ense

potential. NIKE-ZEUS missiles require a minimum of 15 seconds

of warning prior to lift-off. Of this total, 13 seconds is

required prior to = "fire" signal. Run-up time for the gyroscopes

and filament power for the transmitter are the l13-second limiting

élements in zlerting the launching area. One second is then

regquired from MIR designation fo acceptance of =z missile. A

further one-second delay is necessary after the "fire" signal

has been given to ignite the hydraulic power supply, uncage

the gyro, activate the bzttery and ignite the booster squibs

for lift-off. In summary, NIKE-ZZUS requires no externazl warning

but would be more effective il such externzl warning is evallable.

15. Early Warning from FAR on ICEM's. 1In the event that BMEWS

for any reason feails to provide early warning of zpproaching
ICBM's, the FAR's should augment warning of the NIKE-ZEUS batteries

by as much as 100 seconds or more (for the lower re-entry angles)

Egﬁﬁﬁ Enelosure “A"
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beyond LLR coverage. The amount of such 2dditional welrniing 1S
greztly dependent upon re-entry angle of the ICBM trzjectory,

raczr cross section of the target, and geographicsl deployment of
the FAR's relatlve to the LA&R and batteries. Such warning can

be transmitted to other elements of the NORAD system throuzh
communications planned to pass such information to and from
NIKE-ZZIUS units. 1In such a case & to 7 minutes of warning might

be available to "backstop" BMEWS. The purposes of the FAR radars
from the NIXE-ZEUS point of view are that they increase krnowledge
of the type and spacing of the attack, provide side zas well zas
frontal aspects of targets (which will assist in detecting re-entry
bodies desigred to appear small head-on), and perhzps to assist

in decoy discrimination. FAR's also will greatly compliczte

an enemy's jemming problem because of their freguency and geographi-
cel spread from the LAR's, znd may clrcumvent blackout eflfects. on
the LAR's pecause of the different target aspects afforded. LAR's

alone vould provide only 150 seconds of warning against IC3M's,

16. Personnel Requirements. So much of the NIKE-ZEUS equipment

is sutomatic that engagements could be performed with very minimal
.crews. However, the contimious maintenance of equipment, the
simultaneous meonitorship of all displays within seconds after
alerting, and ready availability of human decisions for possible
overriding of the equipment are deemed Important by the system
designers. Hence, the tentative military manning strengths for
the purpose of cost analysis have envisioned three shift operations
‘(plué usual allowances for leave, administrative supervision, and
logistic support). Nominal totals of 100 military personnel each
per FAR, LAR/LDC, and Battery are the only estimates currently
available. Additionzal civilian contractor maintenance personnel
will be reguired, possibly beginning with numbers equzl to the mili-

tary upen activation, but Dossibly Dhasing downward at later dates,
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The bulk of the military and civilian personnel reguired must be

highly trained personnel of well-above-average intelligence.

17. beeting the Sea-Launched Bzllistic Missile Threzt. The

recduced accuracy of the LAR at very low elevation angles could

be a limiting factor in engagement of sea-launched missileé;/
S

Fowever, by reference to the POLARIS ballistic trajectories

it is evident thet more than six mimuites of warming should be

available from the LAR on the shortest range trajectory

“these are not

in accuracy. The re-entry velocities and maximum decelerztions

for short range are much lower than for ICZM's

The FAR's would not contribute materizlly to NIKE-ZEUS coverage

of SIEM trajectories because of their geographical locations
to the north, but the nature of. the other elements (LAR/IDC's
and Batteries, including TTR/DDR's and MTR's) should permit
engagement of sea-launchedé missiles with at least as much
effectiveness as ICBM's of comparable radar c¢ross sections. In
fact, the lower velocities would more than offset factors of two
to five in radar cross sections,which might exist between ICEM's
and SLBM's, and would result in higher engagement capecity

ageinst the SLEM's.

g/r“The‘Fleéf*Ballisfic NMissile Program, POLARIS FY 1959-1950,
Revised 10 March 1959," Navy Bzllistic lMissiles Committee,
page 70.
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18, Total Program Costs. Through the first full year cf com-

plete operationzl deployment for z 60-battery prograz (9 FAR,

25 LAR-LDC, 60 batteries, and 3,612 anti-missile missiles) total
program costs have been estimated for WSEG by the Army &t approxi-
mately $9.2 billion, Corresponding totzl program costs for z
120-battery program (9 FiR, 35 LAR-LDC, 120 batteries, and

6,612 AMM) are estimated by the Army at about $14,6 billion.

These costs are based upon providing zn iInitizal operating capa-~
bility in September 1063 and malting the last unit opersztionel

in FY 66 and FY 69, respectively, Details zre presented in

Appendix "A" to this Enclosure,

19. Breakdown of Program Costs, Included In the total progran

costs are $1,5 billion for RDT&E (Research and Development Tests
and Evaluation) for the 60-battery program and $1.6 billion for
RDT&E in the case of the l1lz0-battery program. Totzl investment
costs are estimated at $7.012 billion and $11.54 billion respec-
tively for the two programs. Totazl operating costs from FY 1964
through the end of FY 69, the first full year of complete opera-
tionalldeployment, would zmount to $0.6 billion for the 60-bat-
tery program and $1.4 billion for the 120-battery program.
Thereafter program annual operating costs, which we consider
low by a factor of two (for the reason stated zbove and ampli-
fied in parzgraphs 11 through 13 of Appendix "A" to this Enclo-
sure) are estimated by the Army at $330 million for the 60-bat-

tery program and $571 for the 120-batitery program.

20, Types of Expenditure., An analysis by WSEG of the Army

cost data shows that approximately half of the total program
costs for NIKE-ZEUS are represented by the procurement of unique
support equipment and spares (other than missiles and spares).
These data are contzined in Table II, Appendix "A" to this

Enclosure, -
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21, Unit System Costs. The breakout of investment and anmuial

operating costs for the individual FAR, LAR and LDC, and indi-
vidual NIKE-ZEUS battery are detailed in Table III af Appendix "A"

of this Inclosure, The per-unif investment costs in ﬁillions

are $72 per FAR, $62.25 per LAR and LDC, and $72.61 per tattery
for the 120-battery program, Per unilt costs are sliightly nigher,
gs mignht be expected, for the smeller 60-battery progrzm., Annual
operating costs were estimated by the Army at between $2.2 miliion
and $3.7 million for each of theée elements {single FAR, LAR-IDC,
or bzttery) in beth prozrams., However, these annual gperziing
cost estimates, for lack of data, had to comit severzl larze

costs. As 2 result, WSZG estimates they are low by a factor

of two or nore.

22. Total Investment Costs and Total Opersting Costs. The

total investment costs have been estimated at $7.012 billion for
the G0-battery program and at $11,5L4 billion for the 120-battery
program. Thus the battery-slice investment cost (total divided
by 120) in the larger program is just over $96 million. The
total anmmual operating costs, which we consider low by a factoer
of two (for the reason stated above and amplified in paragraphs
11 through 13 of Appendix "A" to this Enclosure) have been esti-
mated a2t $330,1 million for the 60-battery program and $571.1
million for the 120-battery program., These annual operating

costs ere effective when the force level is fully operational.
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APPENDIX "A" TO ENCLOSURE "A"

ESTIMATED NIKE-ZEUS PROGRAM COST

PURPOSE
1. To illustrate the approximate cost of a NIKE-ZEUS anti-

missile xdssile progrean.

SCOPE

2. Cost estimates will cover two progranis:

a. 9 Forward Acquisition Radar (FAR) units; 25 Local
Defense Centers (IDC) and Local Acguisition Radars {IAR);
60 Batteries; 3,000 tactical anti-missile missiles (AMM)
and 612 non-tactical missiles.

b. 9 FAR; 35 IDC/LAR; 120 batteries; 5,000 tactical

AVM!s znd 512 non-tactical nissiles.

3. Estimated total program costs are shown in terms of obli-
gations through the first full year of complete system opera-
tional deployment. Also shown 1s the average cost of a battery,
local defense center, and forward acquisition radar detachment

within each progran.,

SOURCE
4, Cost estimates furnished WSEG by the Army Staff are shown

in Exhibits A through E.

SUMMARY

5. Takle I surnmarizes the yearly obligations required for
both prograns in terms of conventional (complete round fundings),
and lead-~time funding. Conventlonal funding usually.requires the
obligation of 21l money for & given gquantity of end items within
the fiscal year authority is granted to obligate. This funding
method does not preclude the obligation of funds for long lead-
tine components of end ltems. It does require that all funds
Tor all components of a stated quantity of end items be obli-

gated at one time.

S ﬁ.if'h:o
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TASLE I

TOTAL PROGRAN COST (Obligations)
(Millicns of Dolliars Tarougn rairss rull
Year of Couplete Operationzl Deployment)

Prosrer cost includes zll RDTE, Constructiion,
procureiient of unlque eguipzent and misziles,
and laintenznice znd oneration.
60~Eattery Progren
! I0C - Septenber 1523
Cumilative
Force Ilevel ! | Total $ By Type of Funding
FAR~-LDC-2try Fiscal Year Cenventional Leaﬁ—Ti:e
- 59 and 285,40 2E5,40
Prior ¥rs
-- €0 437.00 427,00
-- 61 2284, 20 1519.1°8
- 62 302k, 21 2339.49
- €3 1040, 34 242,53
Lo 7-12 64 421,68 1085,12
2-21-35 65 300.61 5k4.53
§-25-50 6€ 269.59 302.61
9-25-60 67 240,82 240,89
§~25-60 TOTAL 9203.85 9203.£5
120-Battery Progran

I0C -~ September 1953

- 59 and 285,40 285,40
Prior ¥rs

| == ! 60 437.00 £37.00
-- 61 2224 .20 1518.1¢
- 62 3024,21 2339.49
- 63 2678.42 o’1k4 .04

4o 7.12 64 2177.77 2292.15
8-21-35 65 2039.,63 2178.21
| 9-35-63 66 | 565.61 1361.95
9-35-91 67 377.49 602.60
9-35-118 68 361.22 400.93
9-35-120 - 69 340,24 340. 24
4479-35-120 1 TOTAL 14,571.19 14,571.1¢
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6. The other method of funding does not require the obligaticn
of 211 funéds for a given quantity of end items within one year fron
authbrity to obligete. Instead, the total obligetion is spread
over a number of yearé to cover, first, the crdering of lcong lead-
time components of an end item and, finally, the ordering of very
short lead-tixe components., For the two methods, the totel amount
expended {checks issued) in any year and the total ccst of the
wnole progran will not vary substantially because of thes Tunding

method,

7. By program, Table II summarizes the Army's estinzte of the
ZEUS system cost by major tyve of expenditure through the first
year of totzl unit deployment, The costs shovm here are thnose

illustreted in Table I,

8, Details on conventional and lead~-time funding on the 60 and
120 battery programs, as furnished VWSEG by the Army, are to be
found in Exhibits "&" - "D", pages 34 to 27,

9. Table III shows an approximate average cost for eacn type
of unit within each of the designzted programs after the entire
system becomes fully operationzl, Thé investment costs, with
the exclusion of R&D, are those incurred during the development
and deployment years covered in Tables I and II. The annuzl
operating costs represent the estimated requirements tvo maintain
the system in the years following the cut-off date in Tables I
end II. A detalled breakdovn of the investnent and annual opera-

ting costs for each system unit mey be found in Exhibit "EY,

page 38,

.GENERAL COMMENTS

10, The Lrmy believes the data submitted to WSEG includes the
major costs associated with the NIKE-ZEUS system. However, ac

this stage of system development there are a number of elements
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TASLE I1

APPROXIMATE TOTAL COST OF PROGRAM

5Y MAJOR TNre OF

EXPENDITURE

(Millions of Dollars)

(Throvgh First Year of

Pull System Deployment)

COST ITEM PROGRAM
60 - 120-
Battery Battery
Investment
RDTE and Support R
Construction 1492,34 1556.74
Unigue Support Equipment, .
Spares 4180.05 6663.80
VMissiles, Spares 1425.00 2354.00
Base Construction 140€6.70 2512.60
TOTAL 8504.09 13,107.14
Program Qverating Costs
Faclility maintenance;
missile, unigue equipment
mzintenance; operation of
communications 623.74 1431.77
GRAND TOTAL $ 9127.83 $ 14,538.91
NOTE: Total cost varies slightly frox that shown in

Table I because inputs for missiles and unique
support equipmenu represent a2 totzl of a2 series
of averages for each type of unit in the program.
For the composition of each program, see

paragraph 2.
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for which accurate cost aata do not exist, These omissions are
2utlined in p "“aph 19 of this paper. The major omissions zre
in the {ield of tactical unit and depot maintenance training,
construction of the communication network, personnel pay, and
depct level maintenance., It is anticipzted that in the near
Tuture the Army will be able to furnish more complete cost data

covering the major cmissions,

11, It 1is possible the annual operating costs may be in
practice at least double those shovm in Table III. For example,
ZEUS annual operating costs shown represent about 5 pasr cent of
the investment cost, whereas for other missile systems (TITAN,
IMINUTEMAN, AJAX, HERCULES) annual costs vary from about 10 to

17 per cent of thelr respective investment cost,
P P

12, Another indicetion fhat the annual operating costs are
lower than they will be in practice is the amount shovm for re-
placement parts for missiles and unigue eqguipment., Cost estimates
for other solicé propellant missile systems (MINUTEMAN, POLARIS)
have shown that the total annual cost for all maintenance, repairs,
and replacement for missiles runs at least 20 per cent of the
missile investment c¢ost., This item, as part of the annual costs
shown in Table IIT, only amounts to about.5 per cent of the in-
vestment in missiles, [LINUTEMAN and POLARIS cost estimates
have also shown that totael annual cost for maintenance and
rerlacenent of unique support equipnent will run at least 10
per cent of the investrent cost, In the annual operating costs
shown for all system units in Teble III, this iten only repre-

sents about 3 per cent of the investment in wnique equipnment,

13, If the percentage factors used in MINUTEMAN and POLARIS
were applied to the ZEUS annual costs shown in Table III (and the

back-up data in Exhibit E), the annual operating cost for a ZEUS
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T~ TABLE III

NIKE-ZEUS UNIT SYSTEM COST WHEN FORCE
: L=VvEL FULLY OPERATIONAL
(Millions of Dollarg)
(R&D Excluded)

60-Battery Progran
cosvqT
No. 11 Unis
Uni ts Per Unit 211 Unizts
(Force Annuzl Lmnual
Unit Level) Invest Oper Invest Oper
FAR g 72.00 3.4 648 30.6
LDC/LAR 25 65.32 3.1 1633 77.5
Btry 60 78.84 3.7 4731 222.0
TOTAL XXX FXX 7012 330,12
120-Battery Progranm
FAR 9 72.00 3.4 648 30.6
LDC/14R 35 62.25 3.1 2179 108.5
try 120 72.61 3.6 8713 L32.0
TOTAL T XXX 11. 540 571.1

NOTES: a. The annual operating costs represent an estimated
amount to support the system during the yeers fol-
lowing the cut-off date 1in Tables I and II, The
investment costs are incurred during the years cov-
ered in Tebles I and II. As an investment item,
R&D is excluded because data are not available for
prorating this cost to different types of systen
units. Totzl R&D for all units ot each program 1s
shown in Teble II.

See Exhibit "E" for System Cost Details.

It should be noted that the investment costs sub-
stantially refiect the majJor initizl system cost;
however, the annuezl costs may, in practice, at least
double those shown, See paragraphs 11l-14,

oo
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battery would be over $11 million, and over $7 million for an 1LDC
anc 2 FAR unit, { appears reasonable to tentatively conclude,
uncil more complete cost estimates can be developed, thzt znnual

costs for the FAR's and LDC's will at least double thosz shown in

Table III, and in the case of the batteries, this woulé be a very

conservative estimate,

14, Although the investment costs shown in Table IIT will be
higher when more complete estimates are developed, we bzlleve
most of the major items are included and that future estimates

will not substantially change those given in this paper.

ASSUMPTIONS

15, For either program the Initizl Operational Capability (IOC)
cbjective is Sepiember, 1953. The IOC represents 1 FAR, 1 IDC,
and 3 batteries each with 50 missiles and launchers coperational
on site, TFor the 60-battery program, the objective is to have
211 units operational within FY 1965, ané in the case of tﬁe
120-battery program, within FY 196Q, To meet elther of these
objectives a quarterly production rate of unique equipment for

1 FAR, 4 IDC, 7 batteries, and 425 missiles has been assumed.

16, The typical NIKE-ZEUS battery is composed of 3 Target
Tracking Radar; 3 Decoy Discrimination Radar; 10 Missile Tracking

Radar; 50 Anti-Missile Mlssiles and 50 launchers.

17. Training ané depot maintenance buildings will be inherited

from other prograns,

18, All land for tactical base sites must be purchased by

the government.
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QUALIFICATIONS *“2?1-:

19. For the total program cost in Tables I and II, and the
average cost per wnit ol the ZEUS System in Table III, the cost

elements not represented are:

Investment Items Excluded

y/
2. Cost of nuclear warheads,

b. System capabllities other than ballistic missile
defense, For example, possible anti-satellite capability,
¢. Nuclear power sources which may be found desirable

at remote FAR sites,
d. Chemical, bacteriological protection, if reguired,

€. Hazrdening of base sites for blast and/or fallout
= 3

if required,

Production of training and depot maintenance egquipment,

i)
*

. Construction of off-site communication network,

lon

. Production of standard (non-unigue) organizationzl

Iy

equipment for the ZEUS units, i.e.,, vehicles, etc, It is
possible that enough staﬁdard equipment exists for
a;location to ZEUS units without the necessity of
additional initial purchases,

Annual Operzting Items Excluded

1. Personnel costs are not included in the program
oblligations in Tables I and II because the organization
of the ZEUS units has not been established; however,
100 men per unit is an epproximate figure and 3780 dollars/
man/year is the Army average per capita CONUS pay and
allowance cost based on FY 60 budget. Using these data,
personnel costs were estimated and included in the average

unit cost (part of annual operating - Table III),

1/ For warhead costTs see Estimated Costs of CONUS Air Defense,
WSEG, 22 June 1959, TOP S=CRET-HD.
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J« Treining of replacement personnel is excludec in
211 tables. It is anticipated that training require-
ments, both of an investment and annual nature, will bpe
avallable in the near future when a trailning progras will

be more fully developed by the Army staff,

k. In all tables annual replacement and maintenance
of standard organizational equipment -- probzably z minor
item ~- is not included. Also excluded is cost of re-

rlacing depot malntenance equipment,

20, The chiel cost elements included and which should represent
the major cost of the system are:

Investment Items Included

a. For Program Obligations in Tables I and II, all
RDT&E and 21} construction regquired for R&D facilities,
Also procurement in support of R&D is included.

b. In Tables I, II, and III, procursment of the
specified number of tactical and non-vactical missiles,
It is zssumed that during the development and deployment
yéars covered in Tables I and II, all the non-tacticzal
missiles were used for proof firings, englneer-user tests,
and annuzl battery training firings, In Table III, an
annual expenditure of one non-tactical missile per
bzttery for practice firingé is iIncluded in annual opera-
ting costs.

¢. In Tebles I, II, and III, procurement of all unigue
support equipment with spares, _

d. Base construction 1in Tables I, II, and III, inclu-
ding maintenance facilities for local (organizational)

maintenance, Base construction includes land acquisition,

site preparation and faclllties, troop housing, and family

housing.
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Annuzl Overating Items Included

€. Personnel costs, excluded in the total program
¢cost in Tables I and II, were estimated and included

in the average cost for 2 system unit in Table III.

f. Operation and maintenance costs for base
facilltles. Included in 211 tables are follow-on
spares for maintenance of misslles and unigue suppire
equipment; rental of off-site commnications, and generzl
maintenance costs for base facilitles which may run about

5 per cent of the base investment cosct.

21l. Although the totzl program cost through our selected
cut-off date is chiefly sensitive only to the size of the
brogran, the amount required for obligetion in an& particular
year is only valld within the context of the stated essump-
tions regarding IOC, quarterly production rate, nethod of

funding and, of course, size of the progran.
/

Appendix "A" to
_ Enclosure "A"

78% - 67 - WSEG Report No. ‘I-]'5

R B s 31 e
BN
AL

Y



"}{\FS& .‘_A-

T
(/{/VVJA&/’
EXHIBIT "A"
NIKE.- ZEUS
9 FAR's 25 LDC's 60 BATTERIES 3,612 MISSIIES
INITIAL OFERATIONAL CAPABILITY (IOC) SEPT 63
PROGRAM FUND REQUIREMENTS
(In Millions of Dollars)
Conventionzl, Complete Round Funding
DEVELOPMENT OFERATIONRAL
FISCAL -
YEAR | roTe=®| MCA | TOTAL FEMA MA | oxMA TOTAL | TOTAL
50 & | 235.65| 25.20 | 250.9k 2k L6 .00 .00 2L L5 | 235.ko
Pricr
€0 239.00 { 61.00 | 300.00 | 137.00 .00 00 | 237.00 | k37.00
61 324.50 | 15.00 [ 339.50 |1570.30 | 37h.koO .00 | 19hk,70 | 2284.20
62 218.00 7.50 | 205.40 (2255.41 | 539.%0 2.50 | 2792.81 {302k.21
63 | 125.00{ 3.50 | 125.50 {13b1.Lo | Ls9.%0 | .84 | 2810,8% |10ko.3k
&k 85.00 3.50 92.50 | 193.28 32.80 [103.10 | 3295.18 Lol .63
65 55.00 | 2.50 | 57.50 '_89.70 .00 {153.51 | 243.11 | 300.61
&5 Y7.00f 1.50] 48.50 | b48.18 .00 {172.51 | 221,08 | 269.59
67 37.00 | .50 38.50 | 20.34% .00 [181.98 | 202.32 | 240.82
TOTAL [1371.15 {121.19 |1kop.34 |5681.07 [1Lk05.70 {623.70 |7712.50 |9203.85

NOTE: Last Major Item Operatiomal bih Quarter, Fiscal Year 1956

E/Ehese figures do not include cost of providing SAGE with ZEUS deta

on elr supported targets or providing within the NIXKE-ZEUS system
arn air defense capebility ageinst eir suppovted tergets.

RPN
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EXHIBIT "B"

NIKE-ZEUS

0

INITTAL OPERATIONAL CAPABILITY (IOC) SEPT 63

PROGRAM FUND REQUIREMENTS
(In Millions of Dollars)

Lead-time Funding

FAR's 25 LDC!'s 60 BATTERIES 3,612 MISSILES

DEVELOPMENT OPERATIONAL
Fggggr. ROT&E2/| oA | TOTAL | PmMA wa |omw | rorar! rorar
2.8 1 ;
Prior | 235.65-| 25.29| 2050.94 ol L6 .00 L0 2hAu6 ] 285,40
&0 239.00 | 61.00} 300.00] 137.00 .00 00| 137.00 ] 437.00
61 32+.50 | 15.00| 332.50f 805.28 | 37k.bo .00 | 1179.68 | 1519.18
62 218.00 | 7T.ko| 225.k0| 1571.69 | 539.90| 2.50 | 211Lk.09 {2339.ko
63 126.00 | 3.50] 129.50| 1849.59 | 459,601 9.84{2319.03 | 24k8.53
6k 89.00 | 3.50| 92.50]| 857.72 32.80 | 103.10 | 993.62 [1086.12
65 | 55.00 | 2.50| 57.50| 333.72 .00 § 153.k1 | L87.13 | 54k.63
66 k7.00 | 1.50| uB8.50} 81.20 .00 | 172.91 | 25k.11 | 302.61
67 37.00 | 1.50{ 38.50| #20.11 .00 181.98 | 202.3G | 240.89
TOTAL p371.15 [121.19| 1492.34 1 5681.07 |1405.70 {623.74% {7711.51 {9203.85

NOTE: Last Major Item Operationel bih Querter, Fiscal Year 1966

_g./ These figures do not include cost of providing SAGE with ZEUS data
on air supported targetis or providing within the NIXKE-ZEUS system

an air defense capability against air supported targets.
'b/ Scme funds not related to ZEUS Program.
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EXEIEIT "C"
- NI3E-ZEUS
S FAR's 35 1LDC's . 120 BATTERIES 6,612 11ISSILE

TNITIAL OPERATIONAL CAPABTLITY (I0C) SEPT 63

PROGRAM TUXD REQUIREIMENTS
(In ¥iliicns of Dollars)

Cenventionzl, Complete Round Funding

DEVELOZMENT OFZRATIONAL
FISCAL
YEAR | romess/ | mca | Toran PEMA A | et TOTAL|  TOTAL
1
59 & ) ,
Prier | 235.65 | 25.23 250.¢9h | Zh.h6 .00 00 ) 2h.LAl 225.kp
60 239.00 61.00] 300.00 | 137.00 L00 .00 | 137.00] %37.00

Al 324,50 15.00{ 339.50 |1570.30 374 .10 .00 [1o4k 70| 228k .20
&2 218,00 7.40| 225.5%0 |2236.k2 539.20) 2.50 |2798.31] 202L.21
63 125.00 3.50! 129.50 |1576.67 5582.L0 9.85 {2548.92| 2578.k2

Bk 89.00 3.50] 92.50 {1506.65 173.20] 105.39 | 2085.27| 2i77.T7
65 55.00 2.500 57.50 [132k.29 | bk59.60( 198.2h {1982.13f £2039.63
&6 k7.00 1.50| 48.50 { 161.97 { 103.10{ 252.0Lk | S517.11} S65.41
67 37.00 | 1.50| 38.50| 55.56 00| 283.43 | 338.99] 377.49
88 36.40 1.50 37;90 33.16 00| 290.16 | 323.32| 381,22
62 35.00 1.50] 36.50{ 13.58 .00] 290.16 | 303.7k 3h0.2%

TOTAL [1LL2.55 124.,19]1566.74 {9060.08 |2512.60 1431, 77 [300k 45|14 57,19

NOTE; last Ttem Operational 1st Quarter, Fiscal Year 1959
E-/ These figures do not include cost of providing SAGZ with ZEUS data

orn eir supported iargeis or providing within NIXE-ZEUS system z=n
gir defense cepability ageinst elr supporied tergets.
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EXHIBIT "D"
NIKE- ZEUS
9 FAR's 35 LDC's 120 BATTERIES 6,612 MISSILES
INTTTIAL OFERATIONAL CAPASILITY (IOC) SEPT 63
PROGRAM FUND REQUIREMENTS
(In Millions of Dollars)
lead-time funding

crspn DEVELOPMENT OPERATIONAL
YEAR | ROTeE /| wmca | ToTAL | PEMA MCA | osMa TOTAL|{ TOTAL
29 &

Prior | 235.65 | 25.29] 260.94 | 2h.Lb .00 00|  2h.k6| 285.40
60 £39.00 | 51.00f 300.00 | 137.00 .00 .00} 137.00] 437.00
61 324.50 | 15.00| 339.50 | 805.28 | 374.bO .00] 1179.68| 1519.18
62 218.00 7.4%0] 225.40 | 1571.60 539.90]  2.50| 2114.09 ) 2339.kg
63 126.00 3.50] 129.50 {2112.29 | 562.40f  9.85| 268L.5h| 281k .0k
6k 89.00 3.50] 92.50 16;1.06 473.20] 105.39] 2199.35) 2292.15
65 55.00 2.50} 57.50 {1462.87 | L55.60 | 198.2k| 2120.71| 2178.21
66 17 .00 1.50( 48.50] 958.31 | 103.10 | 252.04] 1313.45( 1352.95
67 37.00 1.50] 38.50 | 280.67 .00 283¥h3 564.10] 602.60
68 36.h0 1.50] 37.901 72.87 .00 | 230.16| 363.03| k00.93

- 69 35.00 1.50| 36.50] 13.58 00 | 290.18] 303.74( 3k0.2k

TOTAL |1442.55 |12k.16]1566.74 {9060.08 | 2512,60 |1431.77] 13,0045 (14,572, a0
NOTE; Last Major Item Operational lst Quarter, Fiscel Year 1959

&/ These figures do not include cost of providing SAGE with ZEUS data on
air supported targets or providing within the NIFE.ZEUS system an air
defense capsbility agairst air supvorted targets.
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EETRIT "E"

ESTIMATED AVIRAGE SYSTEM COST FOR 60- AND 120-

BATTERY PROGRAM

COST PER UNIT
£0-Btry Progrem 120-Biry Pregranm
COST ITEM
Biry 1LnC FAR Bty LDC FAR
Investoent
50 Missiles, itiel Spares 23.75 - - 18.70 - -
Unique Equip., itial Spered 38.53(55.20] 54.25 | 36.27| 52.091 34.25
Base Construction 16.56 1 20.12 | 17.75 | 16.6k1 10.261t 27.75
lanéd Acguisition (.30) [ (o) { (Lo2) | (.30) ] (Lok) | {.co)
Site Preperation a3y L) [ Gar) ] (Ges)y (G) g (.aT)
Troop Housing (25.50)] (9.55)l(:6.92) {{15.47} (3.59) (16.52)
Farily Housing (k1) | Ga) 1 (esT) | eka) | (Ls2) | (.57)
tendard Org. Ecuipment K K UK K .| K [6:¢
Initiel Treining =né Equip. UK UK U UK UK UK
Depot Mzintensnce Eguipment w [9::¢ UK L8 874 6.4
Camunication Hetwork UK UK UK UK UK
TOTAL 78.84 |65.32 [72.00 | 72.61 |62.25 | 72.00
Annuel Cnerating _
Persomnnel Pzy, Allowance .378 .378 | .378 .378 | .378 | .378
Missile Replacement Parts .120 - - + 100 - -
Unigue Eguip. Replacement _
Perts B850 ]1.210 (1.090 .860 11,280 11.090
Bese Operation end
Meintenence 828 506 | .888 832 { .508 | .888
Rentel of Communications 1.035 {1.036 [1.036 [1.060 |1.060 |1.0680
Depot Meintenznce w UK I w UK w
Replecement Training 914 8::¢ i ::¢ 94 K
Training ﬁri_ngs?:/ 475 - - .39k | - -
TOLAL 3. 72T B.lSO 3.362 [3.624 |3.126 {3.416

a/ Fumber per yeer nct known,
ing firings will be reouired.

There is a possibility that

no znnusl train-
Cost shown for cone nop-tacticel migsile

may over-siate probable actuzl cost by significant emoumt.

ROTES;
5C enpti-missile

1. Bettery coarposition is 3 TTR, 3 DDR, 10 MIR, 50 launchers with
missiles,

2. For both progrems, unigue support equipment production rate to
equip 7 betteries, 4 LDC and 1 FAR per gquarter; missile pro-
duction rete et 425 per quarter.

3. For the 60-btry program, totel missile production assumed is
3,000 tactical missiles and 612 non-tactical for proof firings,
engineer-user tests, and ennusl prectice firings through the
cut-off dete in Tebles I end II.
totel missile production assumed is 6,000 tacticel and 612 non-

tecticel.

For the 120-battery progran,
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4. Average missile unit cost for the quantity produced, without
wverhead, is 475,000 dollars for the 60-battery prograz and
304,000 dollars for the 120-battery program. Except for wer-
head, rissile wnit cost includes &ll cosis associsted with
the pu_chase of the complete unit including adsption kits,
initiel spares, and transportation.

5. Initiel spares represent about 15 per cent of the unit ecs.
for missiles and unigue eulipment.

€. Per site base construction essumes 246 acres for a baiiery,
37 aecres for a LDC, and 35 acres for 2 TAR site at $1,000
ber acre. Construetion covers zll costs, except possitle
hardening, and includes bases for 2 betteries, 1 EDC gad 35
FiR sites & éfor the 60 bat»e*y progren azd 6
- for the 12%-battery

proa*am

T. Personnel Pey and allowences have been calcvlated on the besis
of 100 men per urit at 33,780 per men year.

8. Anmual base operstion, maintensnce calculated on basis of
5 per cent of investmeni value of the base.

Q. Anrig) rerntal of comminications is a very arproximate
guess because site locetion has nol besr esigbliished.
Sigpral Corps believes about $17t million per vear for the
120-battery progrem and $97.L4 million per vear for the
€0-battery program is the present best estimase. Total
anmial cost has been prorated evenly for all units cof the
system.

10, Replacement parts for migsiles and unlque equipment (fcllow-on

spares), as part of totz) enmusl maintepancs cost, zre es
calewlat 4 by the Army staff.
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ENCLOSURE "B"

THE POTENTIAL VALUE OF THE NIKE-ZEUS SYSTEM IN DEFENSE
QF POPULATION AND POPULATION CENTERS

THE PROBLEM

1. The objective of this Enclosure is to evaluate the potential
contribution of NIKE-ZEUS to the protection of the population and

population centers of the Unlted States.

INTRODUCT ION

2., NIXE-ZEUS can potentially contribute to the defense of both
the population 1tself and the industrizal capacity of the U.S.
Because the effectiveness of NIKE-ZEUS in defense of population
depends greatly upon U,S. civil defense posture, the discussion
will be conducted in three phases,., First the general effects on
our population of various nuclear atﬁacks will be treated, together
with the dependence of the results on passive defense measures,
Second, the potentizal contribution of ZEUS in the a2bsence of pas-
sive defense (fallout shelters) will be discussed, Finally the
potential contribution of ZEUS in the presence of fallout shelters
will be treated, In this last case tﬁe contribution of ZEUS to
the defense of industry will be treated simultaneously with the

" defense of population.

DISCUSSION

VUILNERABILITY OF U,S., POPULATION

3. The major weapon effect for production of population casual-
ties 1s radiocactive fallout from ground burst nuclear weapons, at
least until such time as a very extensive and effective fallout
shelter program has been implemented, The use of air burst weapoﬁs

in the time period considered must be regarded as highly unlikely,

except to deliberately minimize population casualties, for the

following reasons:

: fe - ;liz
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a, An air burst at optimal height is only more effective for

blast than 2 ground burst for targets of hardness less than
about 15 psi;

b. The beneflts of optimal zir burst can only be achieved if
the hardness is kﬁown with some precision, and this requires
z more sophisticated ond less relizble fuzing system thzn for
2 ground burst;

¢. For soft targets the kill probzbility is already essen-
tially unity even for ground burst weapons for ICRM's with the
charzcteristics estimeted for the USSR in 1965-70;

d. The bonus advaniages created by ground tursi, which in-
clude destruction of hard components of z generally soft
complex and disruption and denial of the use of areas for a
period of time, are denied by cholce of zir burst; and

¢. The world-wide fzllout 1ls meximized by air bursts.

4, The extreme vulnerability of civilian populations to redioc-
active fallout hés been shown in previous VWSEG studies.i/g/ It
is probably most convincingly demonstrated by purely statistical
calculations in which weapon delivery within large subareas of
the country is assumed to be completely random. To indicate
this wvulnerzbility fatalities have been compuﬁed on this basis
for an unprepared population with no speclal shlelding (essenti-
211y the present situation) in whigh only moderate use is made

of existing dwellings for shelter.

I/ WSEG Research Memorandum No, 5, "Simple Formulas for Calculat-
ing the Distribution and Effects of Fallout in Large Nuclear
Weapon Cezmpaigns {with application), by Hugh Everett, III,
and George E. Pugh, dated 9 January 1958, UNCLASSIFIED,

2/ WSEG Report No, 18, 1956, TOP SECRET, '
The method of computation used here is glven in WSEG Research
Memorandum No, 5, The shielding factors assumed zre identical
to those used for the "unprepared case'" considered in that
document,. The differences in the results obtained are pri-
marlly due to recent increases in the estimated total radio-
activity per megaton (D,A.S,A, 528).
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5. Figure 1 presents the results of this calculation, Three"

targeting doctrines have been chosen as illustrative of tie range
cf rozsible results.

2., Targeting for which weapons are delivered uniformly at

random over <the enfire U.S. The population fatalities result-
ing from this attack approximate the fatalities which would
result from an attack with major emphasis on retaliztory bases
together with some limited targeting of control centers and
principzl cilties,

b, Targeting in which weapons zre delivered to regions in
proportion to the populatlcon in the region, which is roughly
typical of an attack concentrated upon the industry and com-
munication and transportation facilifties of the U.2.

¢, Targeting which seeks to maximize population fatalities

by distributing the attacking weapons optimzlly for this

purpose.

6., It is important to no£e that, while the model which serves
as & basls to the calculation assunes that the weapons are de-
livered at random within each stzte of the U,S., the numbers of
fatalities do not change significantly for an unprepared popula-
tion even if the principal cities within the states are directly

targeted, for the range of attack levels considered here,

7. In order to 1llustrate the point that these curves remain
generally valid (in the absence of fallout shelters) even for
direct clty targeting, total casualties for a campaign which at-
tacked cities only, with the objective of meximizing urbsn casu-
altles, were calculated, The results are compared in Figure l-A

- with the results of random attacks proportionil to populstion
density and optimized to maximize fatalities, With respect to

4/ This campaign cannot pe validly compared to the uniform case
since the geographic distribution of yield as well as the
objective of the attack are so different,
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FIGURE 1

EFFECT OF VARIOUS TARGETING DOCTRINES AND ATTACK LEVELS
ON UOTAL CASUALTIES IN U,S,A.

FIGURE 1-A

COMPARISON OF TOTAL CASUALTIES FROM DIRECT CITY ATTACK
IT: DOM AREA MO
{Unprepared Case)
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expenses, for thirty sguadrons of éixty'missiles each, is given

es $105.7 million per squadron, or about $3.25 million per

migsile,

S R

-

S;jfho. If we accept these figures for systems cost as being

gapproximately accurate, and measure costs for MINUTEMAN missiles

-

and NIKS-ZEUS batteries at the rate of $3.25 million, and $01 [/ ' -
Sy
million respectively, then we conclude that the cost of one NIKE-",

A=
A

ZZUS battery in a system of about 120 batteries is approximately
equal to the cost of 28 MINUTEMAN missiles in a system of about

30 sgueadrons.

i:r)Ml. If one or more NIKE-ZEUS batterles are being considered

2s a means of defense for z number of MINUTEMAN missile sites,

| S
it

we can inguire as to the relative effectiveness, in terms of ;f“Y/’
'_k
(9-—/

survival of the total MINUTEMAN forece, of the installation of '

these batteries versus the instzllation 6f 28 more MINUTEMAN
migsiles for each of the proposed NIKE-ZEUS batteries, The
cost of the two proposals is considered to be about thzs same,

from the analysis of the previous paragraph.

Qj;be. To make the comparison, we suppose that The MINUTEMAN
force 1s attacked by ballistic missiles, in such a way that

the optimum use of NIKE-ZEUS batteries, as defined 1h paragraph
21, 1s possible, That is, saturation of the traffic-handling
capability with cluster warheads or decoys does not occur,
Efficient use of the incoming enemy missiles is assumed in that
we suppose that the enemy aims a sufficient number of missiles
at the defending batterles themselves, to assure himself of a
high probability of penetration, before aiming at the MINUTEMAN

sites being defended,

Enclosure "C"
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L3, The NIKE-ZZUS batieries are %o be hardened to 5 pei, znd the
MIDIUTIMAN sites are to be hardeneé to‘ We suprise that *

tne cnly means of incapacitetion of a MINUTTHAN missile is through ¥

fllustrztes this point for z verievy cf wezpon chearacteristics,

1 - - 2 . S A ——r ——

LL  The enemy tzciic chosen then is to fire &f ezzh NITT-IZUS
o mgnr tam i d) e Mmooz apabkdasrad o et el o st | S e a0 P W Rk T K PN
CE2TTEr WoVWAL € N2 ZCnAeVet & LLEn PTOLECLlLINY CL Denstraiilen .

eneny to fire the maximum possible number of missiles to achieve

this desired probability, In the previous section, we have shown

that this meximium nuwaber the enemy can be reguired to fire {0 as-
1f of 90 per cent probadilily of penetrztion of z NIE-

ZZUS battery is 28 missiles, -If n batteries zre present, 286n

=

7ill pe Tthe mexinmum required to assure 90 per cent progability of
penetration of eazch battery. t excepting for missiles of ex-

tremely large vield, 28 missiles can expect.to destroy at most 28
MINUTEMAN sites. Table II shows, for example, that an B-MT mis-

sile with a l-n.mi. standard deviation (CEP = 1.18 n;mi,) hes a

probability of .45 of destroying 2 100-psi point target and a
probability of .99 of destroying & 5-psi point target,

. U5, We can conclude that for the two systems cf equzl investment

-
-
-

.

hes
cost, n NIKE-ZEUS batteries and 28n MINUTEMAN missiles, the

(v}

2 L
T

cost to the enemy to reduce the MINUTEMAN force level to any given
guantity is greater if the 28n extra MINUTEMAN missiles have been
installed than if the N NIKE-ZEUS batteries have been instzlled,

/]
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7 46, Annual operating costs for the two systems are aifficult to ..
compare, since reliable estimates of 1ife expectancy are not avail{rS}
able, The annual operating cost of a NIKE~ZEUS battery in a 120- ¥

battery system, excluding FAR costs but including z proporiionate

share of the LAR annual operating cost, but excluding training and
some other factors, is about $4.5 million, The annuzl cost of
operating a squadron of MINUTEMAN missiles will then be about
$25.7 million, from Enclosure "D" of Second Annual Review, WSEG
Report No, 23, If these costs are included with system costs and
the systems are amortized over five years, the number of MINUTEMAN
missiles which can be purchaseé and operazted for a five-year peri-
od, for the cost of the purchase and operatlons of a NIXE-ZEUS

battery for the same period, drops to twenty missiles,

'12‘47. On the basis of this argument, it might appear that for
the purpose of increzsing the surviving MINUTEMAN force level,
the use of NIKE-ZEUS to defend MINUTEMAN sites is 2 comparable
measure to the construction of more MINUTEMAN sites for fixed
cost., In this case, the relztive evaluation of the two compet-
ing systems would depend on other considerations, such as total
amount of fallout delivered, etc, However, under the conditions
of attack previously stated, the destruction of twenty MINUTEMAN
missiles exacts a greater cost in enemy missiles than the destruc-
tion of a NIKE-ZEUS battery for any missile that cannot exact 2
kill probability of very nearly one against a 100—péi point

target, For an 8 MT, 1 n.mi. standard deviation missile,

3/ The cost estimales submitted to WSEG by the Army are tenta-
tive in nature and, because of the present stage of system
operationzl planning, do not include 211 possible cost ltems.
The investment cost is reasonably complete and probably rep-
resents a major portion of the initial one-time ouflay.
Annual, or recurring, operating costs are not as complete
and could possibly double in practice those used here in
the analysis. See Appendix to Enclosure "A",
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for example, on2 missile has & probability ef 0,45 of desiroying

2 100-pei point farget, and 4 missiles have a2 probabiiizy of 0.92
g the terget, so that 80 missiles would be “equired

o azchleve 90 per cent probasili:1 of destruction to eszzh of 20

point tTeargets, as compared w:tn a meximun of 28 to achieve 90 per

cent Trooedillity of destruction te thD-NTKE-vas battery. Also,

o Gegredatlion in the performance of the NIHZ-LZUS bzitery which

conls result from enemy traffic-handling saturztlon technisgues,
will Ifuriher increzse the degree of the discresaney indiczied,

such higher periormznce T harcness of WINUTE-*

MAN mzy no longer offer a satisfactory ue*edse of these instealla-

ticons, ™o counter this event, IiIncreased hzrdness and the imple-
mentatlion of & mobilitTy concept heve been propesed, No approved

Air Force plans or cost figures exist for either of these concepts,

Y -
vy, 49, ZTerly estimates indicate that the sysfem costs for 2 mobile
MINUTZMAN would probzbly be less than twice that of the fixed G

herdened missile, The moblle missile m;ght sulfer some degrada~ fo
tion in reliapility and accuracy over the fixed missile, Let us :23
suppoese that for 2 fixed system and operation cost, Tixed MINUTEMAN
sites, or NIKE-ZZIUS batteries to déefend them, or mobllis MINUTZMA
missiles, can be purchased in the ratio 20:1:10, -?or a2 fixed cost
then, we could obtain 20n fixed MINUTEMAN missiles, or Eé(n-x)
fived missiles end x NIXE-ZEUS batteries to defend them, or

20(n-y) fixed missiles and 10y mobile missiles. The cost in
very high performance énemy ballistic missiles to destroy the mis-

siles in these three cases is 2 minimum of 20n In the first case;

}j, /'
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miesiles to achiev

zuanticy which would perhaps be expende

iezve 0%
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mobile
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Missile

relizble znd repid intellizence system, the thnird

missi
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(¥3)

if the enemy mustc use

e high probabiliiy of destruction of -z NIv:s-
in the third cese, 20{n-y) plus 2n w:=iown
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Ur.less the Soviests head
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T_TAN grstems, The TITAN system, iike the MINUTZVAN system, will
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point tergets, with either 1 or 3 TITAN

C missiles in § se
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51, Some of tThes

-

~
pases, and so woul

used in delending
of NIKE-ZZUS delen

compared with the

consist of €

Tre 1lzftfer

4]

guefrons will
Tne ezrly ATLAS sguadrons will

consist of
[V

sguagrons will

ceret

e sguadrons will be locezted near SAC bomber

& presumzbly be protected by the same battieries
the base., Eowever, we will compute the value
se to hardened ATLAS znd TITEN squadrons as

value of constructing extra ATLAS or TITAN

missiles, for increasing surviving force levels, ignoring any

other

" 52, ATLAS costs

-~

gre given in WSZG

targets which the NIK=-ZZUS batteries might defend,

for the legter, seperetecd, 100-psl squzdrons

SAR Report 23, Appendix D", as $143.9 million

ser sguadron system cost, and $21.4 million annuel operating

expense, zn annual

.zmortized over 5y
separated sguadrons
;
J

cost of about $50 million, for z system

ears., TITAN annual costs for the later,

are the same. Using the same comparison
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missiles to achieve high probability of destruction of NIK=-
ZZUS battery; and, in the third case, 20(n-y) plus an unknown
quantity which would perhaps be expended in an attempt to find
mobile missiles. Unless the Soviets had zvailable a highly
reliable and rapid intelligence system, the third case would
leave 10y mobile missiles in locetions unknown to the Soviet,

frorm which they could be lzunched, or removed to other locztions,

Other Missile Systems

1  50, The a2bove enelysls can elso be zpplied to the ATLAS énd
TITAN systems. The TITAN system, like the MINUT=MAN system, will
consist of 100 psi point targets, with elther 1 or 3 TITAN
missiles per point. The later sguadrons wlll consist of 9
missiles 2t 9 separate points. The early ATLAS squadrons will
be hardened to 3 and 25 psi. Later squadrons will consist of

O missiles in © seperate 100 psl sites.

Q;\51- Some of these sguadrons will be located near SAC bomber
bases, and so would presumably be protected by the same batteries
used in defendlng the base. However, we will compute the value
of NIKE-ZEUS defense to hardened ATLAS and TITAN squadrons as
'compared with the value of constructing extra ATLAS or TITAN
missiies, for increasing surviving fcrece levels, ignoring any

other targets which the NIKE-ZEUS batterles might defend.

{ij\52. ATLAS costs for the lazter, seperated, 100-psi sqguadrons

%are given in WSEG SAR Report 23, Appendix "D, as $143,92 million
per squadron system cost, and $21.4 million annual operating
expense, &n annual cost of about $50 million, for a system
amortized over 5 years. TITAN annual costs for the later,

separated sguadrons are the same. Using the same comparison
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2s belere, we have that for a fixed five-year cost ve ¢2n procure

one TITAN or ATLA S squadron for slightly more than thes cost of

Two NIrZ-CZUS batteries,

°3. As glready shown, the cost in enemy missiles to pereirztie

gzch of two NIXZ-ZZUS bz rieg with G0 per cent protztiliiy is

22 missiles. A calculztion from Table IT shows that for & l-n.mi,

54, The reiztive value of the two proposed methods for increas-
ing surviving force levels would appezr to depenéd to an extent on

tne performance characteristics of the ztvecking missile, The

-2

ess then that
-58

the period through 1966, but is not less than estimates of our

standzrd deviation of 1 n.mi. (CZP = 1.8 n.mi,) is

o
=8
Ul

zotributed to USSR bellistic missiles capabilities by NIZ-11

£)

own capability for this period, and should not be excluded from

the realm of possibility for the years 13965-70,

DEFENSE OF SAC BOMEER BASES AND OTHER INSTALLATIONS

54, The uncertalnties in the U,S, retaliatory posture and in

(33

ne gize znd nazture of the enemy bellistic missile threat, in

tne 1965-70 period, have been discussed in previous sections of
tnis Pnclosure, This threat will probebly consist of both SLRBM's
and ICR's, In this section we will indicate in more deteil the
ballistic missile threat to SAC bomber fofces, control centers,

end other militery and civilien installauions important in a

‘Enclosure "¢"
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retaliatory role, In generzl, these forces and installations
divide into those for which early warning 1s important, such as
the SAC ground alert force, and those for which it is less import-

ant, such 2s the non-alert force, some government centers, etc.

SLAY Threat

56, The principal threat from submarine-launched missile attack
stems from the fact that such an attack couwld probably be deliv-
ered with virtuszlly no warning, 1f no adeguate system o subnmzrine
detection and control were avallable., With IR detection equip-
ment availzable to detect missile lazunchings before burnout near
our coast, the meximum warning time wowld be the time of flight
of the bpallistic missile, less identificztion and communication
delay, This time of flignt varies from a2bout four_minuteé for a

100-n.mi, course to eleven minutes for = 1000-n,mi., course,

\ :_\\ 57. According to the 1963 SAC bomber bzse deployment, about - =
~ LT
50 per cent of a2ll SAC bases will be within six minutes time of e

2>

t
¥
el

ballistic missile flight of the 100 fathom line off the U.S.
coast, Even with IR warning this time fz2lls Just on the lower
edge of the present 5-15 minute period after warning within which
the SAC ready-force could be launched,

;k[ 58, If the NIKE-ZEUS system meets its design reguirements, and

\\Can operate effectively without FAR or other warning, 1t night
offer a valuable means of defense against the SLBM threat. This
system could be especlally valuable in defense of those SAC bomber
bases near cocastal waters, The system could serve to shoot down
incoming eneny missiles, and to provide some delay time befofe
the enemy could achieve penetration, The éffectiveness of the

system in accomplishing both of these objectives would depend not

only on the force level of attack against the system, but also
upon the traffic saturation capabilities of the attack, through

Enclosure "C"
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the use of cluster warheads, decoys, and close spacing of incoming
missiles, The price of 28 enemy missiles, for a high probability
of achieving penetration, which NIKE-ZEUS could exact 1if the
enemy did not have such a capability, could thus be greatly

reduced, as has been shown elsevhere in the paper.

58, However, 1f the enemy &id or could not develop and deploy
the necessary forces to achleve traffic-handling saturatvion of
NIXT-ZEUS, through a submarine-launched missile attack, the NIKE-
ZEUS system could perhaps ralse the price of successful attack
througn this means beyond the a2bility of the enemy to pzy. For
example, the maximum cost of okbtaining 90 per cent probability of
penetration of each of 30 NIKE-ZEUS batteries, without traffic-
hendling saturation, would be B840 missiles, or 28 missiles per
battery., For 60 batteries, 1680 missiles would be reguired,

Such a2 large force level would increase the number of missile-
launching submarines that would have to Be deployed, with the

conseqguent greater probabllity of giving strategic warning,

2%2:2H%6T\Use of air alert for SAC bombers would 2lso serve as a

v means of preserving the ready-zir force from surprise SLBEM autacg?

Costs for air zlert for the FY 1964 programmed force of 16 B=52 75;

': x \E"

wings are given in WSEG Second Annual Review, Report No, 23,

f. Enclosure "D". These costs, including extra investment and

Lew

operating costs for the XC-135's supporting the bomber force,

are given in Table IV,

TAZLE IV
COSTS FOR AIR ALERT, 16 B-52 WINGS (1964) .

‘éh-Hour Sorties Aduitional Investnent Additional Annual
- Per Day for 16 Wings Cost for 16 Wings
Per Wing (million %) (milliion $)
6 19,2 720
12 711 .8 . 2074.6
' : 18 : 1438,0 3357
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1_H61. Bombers on air alert nave a2 high probability of being zble .
to f1y a retallztory mission even.under the circumstance that

the WIKE-ZEUS system would fall to prevent the destruction of SAC
ground forces by surprise attackL However, NIKE-ZEUS would have
capabllity to defend non-alert ground forces, citles, ete., which
air z2lert forces could do only indirectly through the tnreat of

retalistion.

ICBY Threat

i2.62. A large ICEM force launched from the USSR or its satellites
ageinst CONUS would probably be detected by an operating BITW
cystem, which would provide at least [ifteen minutes warning ttne: 
©o any CONUS site, 1f communication delays were not excessive,
This time would probably be sufficient to a2llow the ground ready
force to escape ICBM zttack, Thne remaining twe thirds of the
bomber force could not be launched on 2 rgtaliatory mission for

several hours after werning, although dispersal of part of this

force in a shorter time might‘be feasible,

Ei 63. Protection for other installations which cannot escape
ICEM attack couvld be provided by NIKE-ZEUS, however, Targets
such as government control centers, Army bases, etc., could not
easily be protected by other means, in many cases, The ability
of the enemy to penetrate these defenses would depend on the
traffic~-handling saturation technicues he cowld employ and the
force levels he could use in his attack. Levels reguired %o
achieve 90 per cent probzbility of penetration of a'NIKE-ZEUS
battery could vary from one missile with a cluster of.several‘
warheads and decoys, to 28, a variation in force level which

includes probable USSR capabilities in the period 1965-1970,
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SUEARY AND CONCLUSIONS

6L, In this Enclosure we have e;amined the potential coniribu-
tion of NIKE-ZEUS to the defense of the various portions of the

CONUS retaliatory system for the period 1965-1970.

65. The NIKE-ZEUS s&stem was examined to determine the firing
procedure that would maximize the number of ﬁissiles wnhich the
enenmy must send into the defensive area of a battery to achieve
80 per cent probability of penetration, This meximum is twenty-
eignht missiles, 1f no traffic-handling saturatvion 1s employed,
Saturation technigues such as cluster warheads, decoys, or close

missile spacing in fTime, could reduce this nunber greatly,

66, In examination of the value of NIKE-ZEUS in the defense of
hardened MINUTEMAN sifes, we examined the surviving MINUTEMAN
force levels under Two procedures of approximately equal cost
for any given enémy threat magnitude and characteristics:

a. Construction of more hardened MINUTEMAN sites
b, Deployment of NIXE-ZEUS to defend a number of these
sites, |
For all reasonable estimated enemy missile characteristics and
any force magnitudes, procedure 2 resuwlts in a considerably

greater surviving MINUTEMAN force level than procedure b,

Yy 67. A similer examination of ATLAS and TITAN sites, on the
same basis, leads to the conclusion that the relative merlts of
procedures a2 and b to increase surviving ATLAS and TITAN force
levels cepend on other factors, such as the enemy threat in
yield, CEP, decoys, cluster warheads, etc,, over reasonable
estimates for these characteristics in the period 1965-1970,

~
!
J

. 68, The NIKE-ZEUS system may offer a defense of the SAC ground

ready-force from SLEM afttack, in the absence of extenslive alr

Enclosure "C"
VISEG Report No,. 45




- '{:r o Ny N kel
el _BEPEmy g AT
== gt jfw’* i Vﬂ*-‘*""‘
alert or of an adequate method of submarine detection and control,
The system may also offer a defeqsé of SAC non-rezady forces, '
control centérs, and other retaliatory instzllations, frex SL3M
ané ICZ attack, Waether this is the most economical method of
defending the reteliatory capabllities has not been examined,
The effectiveness of NIKE-ZEUS for this purpose cepencs on the
chearacteristics of the enemy threat, particularly with regzrd to
his possible development and use of decoys and cluster warheads

s a2 means of penetration,
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ENCLOSURE "D"

ESTIMATED CAPABILITIES OF A.NIKEJZEUS FIRING UNIT
AGATNST POSSIEBLE ICH: AND Irngdll THREATS

PROBLEM

1., To make reasonable estlimates of weapons effectiveness para-

meters {e.g., coverages, simultaneous and extended engzazenent
czpacities, dscoy diserimination cepabllities) which e %ipical
NIKE-ZEUS firing unit might azchieve against possible bzllistic
missile threats (i.e., types of warheads and decoys) in the

Dost-1964 period,

SCOPE AND METHOD OF APPROACH

2. The necessity of considering decoys of various types as an
element of the ballistic missile threat reguires ciassifiéatiom
cf the ZEUS firing unit as presently deéigned into several models
of differing capabilities. The eflfectiveness of these with
respect to possible threats 1s discussed in 2 general way,k/so
that realistic coverage and éngagement cepacities against particu-
lar threats can be roughly estimeted, Such consideraztions are

applied to selecting reasonable parameters for 2 simple simulation

model, indicating whereln epproximations are made.

DISCUSSION

INTRODUCTION

3. ZEUS firing unit capabilities in terms of effectiveness
parameters such 2s engegement capacity and coverage zare sensitive
tc threat characteristices like yield and CEP only'to the extenc
that these may interact with and affect the more difficult-to-
predict threat characteristics of decoys, cluster warhsads, or

ECM. Of course, both types of threat characteristics, as well

1/ Tnis Is necessary to set the stage {or detailied intercept
calculations, wnich can then establish effectiveness para-
meters quantitatively, We have not made such czlculations,
but in some cases have anticipated thelr results for the pur-
poses of this project, since in many instances the inaccu-
racles involved 2re minor in comparison to the uncertainties
of realizing the postulated condlitions. -
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2as additional factoré which enter Wwhen system deployment is
considered, will determine the effectiveness of an attack agsinst

g given terget in a specific situation.

L, There is some uncertainty both as to what may be technically

and economicelly feasible for advanced threats, and as to what can
be achieved by some schemes of decoy reccgnition. Since the ZEUS
design 1s sufficlently flexible to incorporate schemes whose
evaluation is not now complete, and since any determination of
the 1likelihood of particular enemy threats (as opposed to their
Teesibility) must be associzted with tenusus arguments involving
intent and strategy, it seems desirable to develop the ZZUS
effectiveness perameters for several combinations pf a few
limiting ZZUS capeblility levels against a2 few limiting cases of
possible threats, pointing out the assumptions made and indicating
whether these correspond to proven capabilities, present state-
of-the-~-art capabilities, or extrapolated.state—of the-art possl-
bilities. Table I gives an outline of the areass considered from
this viewpoint.

2/
5. Continuing studies of the ZEUS system zre being conducted

to determine the optimm bomposition of & firing unit (i.e., the
‘number and ratio of TTR's, MIR's, and missiles) as well gs the
optiﬁum deployments and firing doctrines for these units, for
various assumptions. As inputs, these studies use ranges of
perameters (such as missile reliability, TTR recycle times, num-
ber and values of defended areas, enemy ICBM stockﬁile and
arrival rates, etc.) wnose actuzl values are strongly dependént
on our technical capabilities, the value of the defended objects,
and the enemy threat characteristies. It is necessary to select

compromises in system composition and firing doctrine (including

salvo size) which cover a large range of threzts fairly well

Z7 By BIL, AONC, and NORAD.
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TABLE I

ZEUS Decoy Discriminztion Capability
(in order of increasing potentiazl for

o

1

:3. For

- a/,.

Threat Types—/(Ln onder
of protable eases of teche
nical achieverment

improved effectiveness parameters)

1. Those based on re-entry phenomena

2. Slow-down (no doubt of

o

feasibility and range of
application)

. Slow-dovm plus ionizetion,

amplitude, infrared and
optical or other phenomena
(further experimentation
required to establish
feacibility and range of
application).

2. Those based on out-ol-ztmosphere
phenomena

foo

o

lo

"Stand out" phenomena from
trajectory anzlysis (seem
difficult and applicable
only to special situations)

Signature from scintillation,
spectrum analysis, polariza-
tion, ete. (further eyperimenta-
tion required to determine
range of applicabllity). Prob-
ably effective against tank
fragments, but bzlloon
camouflage of warhead and
decoys {veilling) might invali-
date these outside the atmos-
phere unless {c¢) were success-
fully employed.

. Use of precursor burst (per-

haps desirable to destroy or
detect light decoys). Use of
such bursts (or of other mis-

1. Slow warhead (low bal-
listic coefficient,
g . U =200 15 £t
= =%
D
h_gh “adaﬂ cross-section, .
= 0.5 m®).

a. Flus fragmentzd
tankage

b. Plus frzgmented ftenk-
aze and telloons.,

¢c. Plus --agmanued tank-

age, Dbalioons, and
hezvy decoys.

2. Fast warhead (high
ballistic coefficient,

=

o

1000 1b ft-a; low
radzar cross section
0.02 m?)

&. Plus frazgmented tank-
age and belloons.

b. Plus fragmented tank-
age, bzlloons, and
heavy decoys.

3. Multiple or cluster war-
head (high ballistic
ceefficients, low radar
cross sections).

Plus fregmented tankage
and bzlloons.

sile aids) for more sophisticated

tests, including nuclear effects,
against heavy decoys is problem-

eticzl, but now appears to reguire -
excessively complex instrumentation,

2/ Each of the three threat types indicated 1s subject to

two further classifications--whether low or high re-entry
angle, and whether ICEBM or sea-launched IRSM, Electronic

countermeasures are considered
paragraphs 19-25).

el
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rzther than to optimize the system against piarticular threats.

Thus, throughoutlour considerations we shall use the firing unit
» .

cemposition of 3:10:50 (No. TMR's or DDR‘S:MTRJS:A&ETS)E/aﬁd,
in accordance with the ﬂiscussiﬁn of paragraph &4, shzll arrive at
limiting values for the capebllities of such a composition.
Cbviously chenges in this firing unit composition which modify
the elffectiveness perameters of single firiﬁg units could heve
rmuch the same over-all effect as changes in the number of units
c¢eployed, zlthough the former procedure c¢ould have cost zdvantages
over the latter. As the ssturztion aspects of the threat become
more serious {e.g., with cluster warheads), it mzy be desirable
to iéE;ease the number of TTR's, MIR's, and missiles per firing

2

unit, as well as the number of firing units allocated to a

local defense center.

MODELS CF NIRE-ZEUS FIRIMNG UNIT CHARACTERISTICS

€. In attempting to narrow down the number of representative
models of z ZEUS firing unit (of fixed composition) which must
be considered6in illustrating representsastive decoy discriminetion
capabilities,—/ 2 reasonable division eppears to result in
three models:

a., Model A relying only on atmospheric slow-down. The

capabilities of this model can be stated with assurance, and

3/ A TIR (ana slaved DDR) is regquired to track each target engaged;
thus, the number of TTR's and their "tie-up" or recycling time
will 1imit engagement capzacity in & simultaneous or saturztion-
type attack., The number of MITR's determines how many ZZUS mis-
siles can be directed in & szlvo against & sinzle target (fire
capacity), and thus grestly influences kill probability. In-
protracted attacks, the total number of missiles available may
be 1imiting. :

ﬂ/ The seme composition zs 1s used for funding purposes. Salvos
of three missiles each will z2lso be assumed, since this is
consistent with the %:10 ratio of TTR to MIR's.

é/ We understand that compatibility for using twice the number of
TTR's, MTR!s, and missiles (per firing unit) that we have
assumed is being built in the system (with moduler type design,
this i5 not difficult).

&/ Hearly all such capabilities will be found in the firing unit
since orniy 1ts radars {TTR and DDR) can have the resolution
znd observation time recguired.
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there is no doubt that they:are attainable, Its chief weak- .
nesses are that it can 1ntéfcept cnly below discrimination
zltitudes (e.g., 200,000 £t), and that it must fire on as

many heavy decoys as the enemy can include which have reason-

eble radar cross seﬁtions and bazllistic coefficients large
enough to fall in the warhead category. If represents 2
minimum capablillty for ZEUS against a decoy threat.Z/

b. Model B having the capabilitles of Model & plus at least
one further successful criterion8 based on re-entry phenomena
which are sensitive to the welght of the re-entering body.
This model would require the enemy decoys to epproach the
welght of the warhead, or, practically speaking, would
eliminzte any necessity of firing on decoys, but would still
not permit intercepts outside the atmosphere. Thus the
coverage of the full 75-mile horizontal range would still

be subject to launch—before-discriminétion uncertainties

if cluster warneads were employed in unpredictable fashion.

7/ Tnis minimum capadllity retains its limited eifectiveness out
to meximum horizontal range (conservatively limited at present
to 75 n.mi., by guidance accurazcy and lethal radius). This is
accomplished by launching missiles before discrimination to-
ward the arez in which the diserimination will occur, with
obvious uncertainties in the number of missiles which should
be launched. There is little doubt that lazunch before dis-
crimination will always be utilized, since it may Iincrease
engagement capabllity by one object with no risk of wasted
missiles, or by three obJects with risk of waste of two salvos
if these are dispatched to a single cloud which proves to
contaln no decoys or no element of a cluster warhead, If
missiles were not launched until discrimination indlcated how
many were needed, the azrea which could be defended would be
reduced in size, In this reduced area around the firing unit,
whether launch is before or after discrimination, there is a
chance (for slower warheads, smaller re-entry angles, or IRBM)
that a single TTR can gulde two szalvos to intercept before
minimum acceptable altitude 1s reached.

§/ Or perhaps several complementary criteria, including those
based on optical and IR phenomena. Although resolution is
achieved in angle optically and in range by radar, preclise
angular measurement by radar of the range-resolved obJects
(as provided for ZEUS) would allow correlation between the
two types of data to be achieved easily 1f the optical in-
strumentation were on the ground with the radar. The scheme
would be subject to weather uncertainty, however,

, . Enclosure "D"
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The attainment of the criteriz required to realize the capa-
tilities of Model B appears possible but not certain, and
further re-entry decoy tests are required to determine if
these criteria can be coun@erﬁeasured.

c. Model C having the cépabilities of Model B plus =z
variety of radar signature tests (perhaps éombined with pre-
cursor burst) for the out-of-the-atmosphere, If these were
successful, the system could be effective to 1ts maximum
range against decoyed threats, would have improved traffic-
handling capability for saturation attacks {due to possi-
bility of intercepts beginning zt 75 miles zlititude), and
would then represent the maximum cepabllity for ZEUS as
now conceived.g/

7. The extracfion of the information required by Model C
(which includes 211 capabilities of Models A and B) is primerily
a2 matter of data processing, and the type of facilities necessary
for this are to be provided in the ZEUS system. The incorpora-
tion of as many criteriaz as can be proven will at least'compli-
cate the enemy's problem and result in capabllities against
likely threats somewhere between that of Model A and a2 completely
successful Model C, We shall denote our best estimate of such
capabilities as Model D. These models, together witﬁ the threat

models to be discussed next, are summarized in Table II.

MODELS OF ICBM AND IRBM THREAT TECHNICAL CHARACTERISTICS

8. In attempting to narrow down the number of representative
models of ICBM warhead and countermeasure threats which need be

considered, we shall rule out maneuvering warheads and maneuvering

9/ Because radar signatures would have to be attalned at greater
ranges than for re-entry discrimination, a greater incentive
would exist for use of ECM against the DDR by the enemy (see

paragraphs 19-25).

Enclosure "D"

;ggggggb. LX/ﬁprb - 15 o WSEG Report No. 45



s o |
i (/t/vQ/“ >
TABLE II

_.F\'\'-‘-;"'-,"'
ta :h LES ‘}.
1y
A} 1

SUMMARY OF POSTULATED MODELS

2

ZEUS CAPABILITY MODELS

1.

Model A

Assumes only zerodynamic
slowdown discrimination
cen be successfully em-
rloyed against decoys.
Gives & minimum cepabllity.

Model B

Aszssumes zerodynamic slow-
gdovm plius &t least one
cther re-entry pReNOMEnsn
can be employed azgainst
gdecoys in such manner as
to force them to &pproach
warnead weights, Does not
permit interception out

of the atmosphere,

Model C

Assumes out~of-ztmosphere
decoy discrimination 1s
succassful either through -
use of precursor bursts

or other misslile assists
in space (Model C71) or by
means of radar or other
signature (Model CE)

Mocdel D

Our best estimate of
actual capabilitlies likely
to be attained by ZEUS.
These will be greater than
those found for Model A4
and less than those found
for Model C.

THREAT MODELS

v/

1.

Model A

Sloy ICBM warhezds (B = 200 1b,
f£=2) of medium radar cross-
section (g = 0.5m2).

Model B

Fast ICBM warheads (8 = 1000)
of low radar cross-sectiosn
(6 = .02).

Model C

TRBM warheads (B = 700,

5 = 0.1) with 1000-n.mi,
maxXimum range.

Model D

IRBM warheads (8 = 700,

b = O.l) wlth 200 n.mi.
maximim range.

Model E

Cluster warheads for ICEM

having 10 subwarheads of
200 KT yield each,

a2/ All ZEUS models assume design specifications are met.
In terms of physical equipment all models are identi-

cal,

They differ in assumptions as to the degree of

success reallzed by the various means of decoy dis-
crimination which are incorporated.

b/ All Threat Models may be accompanied by fragmented

tankage, balloonss and heavy decoys in appropriate

numbers (see text

- 146 -
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decoys. The ZEUS -command guldance system-1s a closed loop with

sufficiently'short time constant éo that the ballistic warhead
would have to exceed the AMM maneuver capabllity {greater than
20 g below 100,000 feet) either for a considerable time or at 2
rather precise moment (two to four seconds before intercept) to
degrade kill probability appreciably. The cost of the former
would appear excesslve in payload compared to other uses that
might be made of 1t, and the latter (wnich might be accomplished
by a drag skirt) would have a low probabllity of occurring at

the proper tTime.

Decoys

g. Chaff; balloons, and most tank fragments are-z class of
decoys called light decoys which cannot be expected to deceive
atmospheric slow-down discrimination, but may be effective
ageinst out-of-aztmosphere discriminatlion: Chaff would zppezr to
be the poorest of these aerodynamically as well as from a radar
signature viewpoint, in addlition to having unsolved problems cof
dispersal out of atmosphere. Tank fragments can be obfained
relatively easily, but probably can be discriminated out of
atmosphere. Balloons have only a small weight penalty, If
they were designed to appear and behave like nose cones, or
were used in the "veiled" threat to cover the nose cone as well
as decoys, out-of-atmosphere discrimination would seem to re-

quire precursor bursts and/or techniques not now feasible,

10, In order to overcome discrimination by atmospheric slow-
down, "heavy" decoys must be employed. When these are designed to
survive and match the ballistic coefficient of the closest feas-
ible nose cone, and at the sane tine exhiﬁit comparable radar cross

section out of atmosphere, the relatively restricted nunbver vhich

Enclosure "D"
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can be included per warhead, plus the possibility that other re--
entry. phenomenélg/may still 2llow .them to be discriminzted, make
the more eXxpensive multiple or cluster varhead z possibility.which
must be considered, especlally if_industrial areas or population

rather than hardened bases are the targets.

11, In zttempting to assess technical characteristics of future
enemy threats, &ll positive intelligence information and such as-
pects of the eneny's problem as are different from ours should be
considered in order to avoid simple mirror-imaging of our own of-
Tensive development program, It is generally believed that if an
attack were initiated by an enemy he would give high priority to
striking our offensive forces, and 1t seems rezsonable that in any
event he would desire to stockplle missiles capable_of the'accuracy
required for this, Since the Russians appear to have had a more
leisurely approach to the sclution of re-entry problems, and are
kmown to have experimented with ablating nose cones, their early
nose cones could be of the ablating type with fairly hizh ballis-11
tic coefficlent (say B = 700) coming in at relatively high angles‘ﬁ
{around 450). This migﬁt be the only type developed in order to
obtain large stockpiles more guickly, On the other hand, 1f Rus-
sian psychology leads to the developmernt of missiles primarily for
ﬁlackmail or retaliatory purposes, fast re-entry bodies might seem

advantageous only in case they were expected to encounter ballistic

10/ In thig erez particulariy (re-entry gas-~-dynamic phenomenaza includ-
ing dissociation, ionizaflon, radiation, and plasma effects)
present knowledge 1s incomplete, preventing z clear picture as
to whether the complicated phenomena teking place in the region
bpelow where bzlloons burn up can best be utilized by the offense
or the defense, TFundamentally these phencmena would seem to
complicate the offense’'s problem by providing further parameters -
which must be matched between decoy and nose cone, some of
which may be difficult t8 matgh between unequal masses,

‘;L/The higher angles (30-60"; 23~ is minimum energy trajectory for
a 5500-n.mi, ICEM) and "slicker' missiles (B > 200) give less
time for terminzl defense action and less error from terminzal
atmospheric conditions, However, higher angles glve longer
total flight times and more warning from BMEWS-type systems,

- Enclosure "D"
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missile defense of population: In any everit, threats No, 1 and

Mo, 2 of Tablg I aﬁpear to bfacket,the reasonably expecteé values
fer nose cone ballistic coefficiepts. In our models we shali con-
sider each of these limiting valués for ICBEM's and shell choose
for IRBM's an intermediate value of g = 700 with 2 radar cross

2

"section o = 0.1 m“, In both IRBM and ICEM threats we shzll con- -

sider two possible re-entry angles -- 22%0 and &50.

12. Having established the primary perameters B, ¢, ané re-entry
angle for what we shzll call Threat Models A (slow re-entry 5500-
n.mi., ICRN), 3 (fast re-entry 5500-n.mi. ICEM), C (intermediate

vy 1000-n.mi. IR3M), and D {intermedizte re-entry 200-n.mi.

i
11
]
1
3
[Ne)
]

IREM, it remains to endow these with reesonable countermezsur
cepebilities, The enemy's objective is to provide éecoys ﬁhat
must be {ired upon because they cennot be recognized, or to delzay
the recognition of these to as low altitudes as possible, Perhaps
100 tank fregments ol controlied size and'appreciable cross section
are obtainable a2t a weight penalty of 200 pounds (uncontrolled
fragmentation might cost 35 pounds). These probably will be used
with 21l Threat Models eﬁen though ZEUS should be able to discrimi-
nzte them by radar signature (they will slow down and burn up on
re-entry)., There may be a few bonus heavy decoys (e.g., motor znd
instrument components) which will survive re—entry but which also
czn probably be discriminated by radar signature. Thus with ZEUS
as designed, tank fragments, etc., would seem to constitute pri-
marily a nuisance which would not decrease the effective meximum
range of intercept (75 miles) if they can be discriminated by
radar signaturé beyond about 125 miles (for missile launch before

discrimination) or about 300 miles (for launch after discrimination).

12/ In the absence oif intelligence information of high confidence,
the defense (especialiy of population) probably could not af-
ford to assume that only the fastest obJect in a decoy cloud
was & nose cone if there were zlso other objects with ballistic
coefficients which were stlll nose cone possibilities, This at
least partially nullifies the advantage & slow re-entry body
might be expected to have from the greater number of heavy
decoys which might accompany it. -

;3/ We shall return presently to a cluster warhead threat Model E,.
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They would, however, tie up the tfacking radar for some additionql
time, thus reducing the engagement cepacity under certain conditions
of sustained high density attack (Eee paragraphs 36-38).

' 1/

13. More serious in reducing unresiricted coverage arnd fire-

power would be the inclusion of belioons of & type which could not
be discriminated by signeture. Since these could be discriminated
by eerocymanic slow-~dovm between altitudes of 300,000 and 400,000
feet, they would have a similer but less severe effect_in reducing
coverage and engagement capacity as do discriminable heavy decoys
(see pzragraphs 36-35). However, it is possible that a precursor
turss could lessen this degrzdetion considerevly by either destroy-
ing balloons or imparting sufficient momentum to them outside the
atmosphere to enable their recognition as light decdoys. Such bzl-
loons might be obtained for two to five pounds each, including
ejection mechanisms, on all Threat Models, There would seem little

15/
oint to including more than 100 cf these if properly dispersed,

'g

since this would probebly be sufficient to accomplish as much &s

a larger number,

14, Heavy decoys are made heavy by the requirement for re-entry
survivel as well as for approximetely matehing nose cone aerody-
namic slow-down and out-of-ztmosphere rader cross section. They
have (1) the disadvantage of weight over balloons, (2) the advan-
tages of being less susceptible tb destruction or discrimination
by precursor bursts, and of delaying recognition by eserodynamic
slow-down to lower altitudes (QO0,0bO‘feet for 8 = 20), and (R)
the hope of preventing discrimination even at low altitudes (for
g8 > 20). Whether this hope can be realized depends on re-entry

cross section, signature, and radiztion phenomena not now fully

14/ We shall use the term "unrestricted coverage” to refer to
coverage attainable with launch after discriminztion (see
footnote 7).

15/ Unless it seemed profitable to attempt to saturate the DIR
tracking capability in order to relieve the requirement for
heavy decoys to mateh radar signature and cross section out
of the atmosphere.
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understood, and must await further tests, Meanwhile we can only
give-some estimates from pre—desién studies of the weight penalty
required for decoys which might do a fair job of matchinz zero-
dynamle and radar characteristicé outside the atmospnere, Ring,
cone, and dart shapes seem to be preferred, with weighu estimates
for the best of these varying from 20 to 200 poundé.ég{ Since the
rzdar cross section tends to decrease with increasing baliistic
coefficlent B, and since some decoys with lower £ could be in-
cluded with high 8 nose cones, the decoy weight penalties asso-
cizted with high £ nose cones are perhaps not as great by com=
parison with low £ nose ccones as might be expected, We shzall
somewhat arbitrarily select for our Threat Models A and B750 and
75 pounds respectively as the average welight reguired per heavy

decoy, incliuding ejection mechanisms, safety and arming devices,

etc,

15, In the speculative area of the welght which might be devoted
to decoy countermeasures per ICBM, we need be nc more accurate than
in guessing the welght per decoy, since the purpose of the esti-
mates 1s to zllow determination of & reasonable figure for the
number of heavy decoys per nose cone =-- 2z figure which probably
should be parameterized agzinst weizht in any case, I we choose
2,000 pounds as the weighﬁ allocated to decoys per ICEBM, 600 of
this might be allocated to balloons and tankage fragmentation,
giving esbout 20 and 30 heavy decoys per ICEBM for Threet Models B
and A respectively. For the IRBM space and weighﬁ are mcre costly,
and by compafison about filve heavy decoys for IREM for Threaf
Model C appear reasonable, with perhaps twenty=five balloons. It
is empnasized thet These are purely illustretive copedility estl-
mates bzsed on untested pre-cesign studies andé an arbdbitrary weight

devoted to decoys.

15/ The spread and in particular the lower limit here are sensi-
tive to the still undetermined discriminstion capabilities in
the transition reglon from outside to inside the sensible
atmosphere,

P l/“’l/— j‘M Enclosure "D"
_SE8maT - 131 - WSEE Zepert Mo, 45
SHEN
e

I‘}P'l’f--;‘i

| :: . ‘:-—!""



[Fans - g SN Lol  REE T T e T o e P

WWI954

S Do
. A e

- .“_.'_; - .
T N R

Cluster Warheads

16, Two possible reasons for employing several warheads in.:z
cluster would bpe to obtain an impact pattern giving more Llast

jamage and local fallout casualties per totel yield ageinst soft,

. extended targets, and to provide an alternatiye or assist to decoys
in saturating active defenses, According to & pre-design stuly
by Convair,QZ/ to eject the warheads at any time other than alter
buranout and tefore separation while the misslle 1s still under
vernlier rocket control may prove excessively costly in welgnt,
complexity, and reliability. To solve the prolLlems cf accuracy
for individual warheads in a clusier ey a2lso prove difficuls,
However, even without these refinements, the advantegzes of

ciusler warhcads against a sesturable defense sysien may be con-
. 18
51derable.—4/

17. On the basis of tested warheads and an over-all weight
allowance of 2000 pounds, DASAEQ/ gives the estimates shown in
Table III as being within U,S, capability to develop now., In
these estimates it was assumed that the nuclear system weight

iz the total allowable

should not exceed approximately =
cluster warhead weight 1n order to permit inclusion of material
required for zerodynamic shape and re-entry body protection,
Necessary auxiliary devlices are included; neutron shielding or
provision for re-entfy attitude control ere not, With no further
testing, it is projected that the yield of the XW-54 could bve

increased : =2 with the accompanying numbers in Table III

remalining the'same; With further testing, future possibility

estimates range to g

17/ Semi-annual Technical Summary Report, 1 December-31 Mey 1959,
ARPA Order No, 37-59, Alr Force Contract No. AF 18(600)-1843,

18/ These are bought at a price of fissionable material almost
proportional to the number of sub-warheads, Heavy decoys, if
successful, would probably be the least expensive method for
saturating the defense,

19/ Commication from Defense Atomic Supoort Agency (DASA).
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capabilities for 2600 pound.total-weight. These represené about
the maximum nuclear system ylelds per unit weight which may Ee
expected without a major scientifie breakthrough., In 2ll cases
{(with or without further testing) approximately twice the indicated
number of sub-warheads could be achieved for 5000 pounds toval |
weight,

TABLE IIX

DASA ESTIMATES OF POSSIBLE SUS-WARHEAD COMBINATIONS FOR A
2000 PCUND CLUSTER WARHEAD WEIGHT USING TESTED WARHEADS

Number

Suv-warheads/Cluster vpe Weight ggg;gé/
3 | 410 1b
3, ¥/ 325 10
7 : : 205 1b
6, 142/ AW=-54 50 1b

a/ Per sub-warhead,
Q/ The two numbers correspond to different packaging.,
18, Should the Soviets choose to develop cluster warheads now,

it might be reasonable to ascribe to them an operational cazpability
oy the time NIKE-ZEUS becomes operational similar to or greater
than that given in Table II -- greéter if their missllies were
capable of supporting higher payloads, During the 1965-70 period,
they could probably rezlize a cluster warhead with ten sub-
warheads of 200 é& yield each, This we shall designate as Threat

Model E, and use in illustrative calculations in Enclosure "B"|

Electronlc¢c Countermeasures and Camouflage

19, Although side-lobe Jamming of ZEUS-type radars.from airborne
Jammers within line-of-sight would be technically feasible, it
makes llttle military sense in view of the desire to preserve the
surprise element which 1s one of the most attractive attributes of
ballistic missile attack, in view of the uncertainty of survival

against aircraft defense, and in view of more profltable misslons

“BECHRp=="" Enclosure "D"
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that surviving elrcraeflt might nerform. Jamming without line-of-
sight access 1s lmpractical. Hence, to be most effective,'ECM
efforts will be confined to jaﬁming from the nose cone or accom=-
panying decoys. Although problems of weight, relizbility, and
complexity seem {o favor decoys over ECH as a penetratlion zid, ECH

in addition to decoys might be included in advanced threzts.

20. Even with average jammning powers of i

i

wwatts at X-band, 1t
appears that the Jjammer would have to be within a few hundred feet

21/
of the ZEUS missile to hold off burst order or other commands,

The cistance between the Jjammer znd missile would actuzlly be about

: feet at the time of reception of burst commeand from the MIR
because of the fixed delzay in the burst circuit. Thus jarming the

missile communication link 1s not a profitable tactic for the enemy.

21, Jamming of forward and loczl zcquisition radars, because of
their tunzbility would require either barrzge jamming or automati-
celly tuned spot jammers to cover . ' . Since either the
forward acguisition or one of perhaps severzl local acquisition
radars can furnish acguisition date to a2 firing unit, it is un-
likely that all available acqguisition date sosurces ¢ould be
similtaneously jammed. Even 1f it were, angle information on the

Jammer could still 2llow the TTR to acqulre,

22. The TTR will rely on pulse-to-pulse frequency shift over
the entire 5250 to 5750 mcps band to force barrage Jamming over
this range. The TTR's chief contribution to decoy discrimination

is to place the DDR on the decoy cloud; it can do this by angle

20/ Jamming from low level satellites also seems not especially
attractive because of coordination problems among others (ZEUS
anti-satellite capabilities, if developed, might be used
against satellites during hostilities).

g}/ In the atmosphere, thls distznce might be decreased further
by attenuatlon by the ionized surroundings of the ICBM, or
by impairment of the efficiency of the radiating device by
re-entry effects,
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tracking the jammer. " To allow full ranée intercept, the. TTR need
overéome the jamming at =z mind mum range of 125 miles (provided the
DDR functions noermally); this could be done against a 200-watt
Jammer (0.4 watts/mc) for a 0.1 me cross section targst. If re-
entry discrimination (with attendant restrictions on coverage and -
firepower) were reguired, the Jjammer would have to exceed 2000
watts 1n order to lower burst altitude, il indeed the problems of
survival and radiation through ionized layers on re-entry could be

solved,

23. Enemy jamning probably could realize its meximum elfeciive-
ness when directed against the DDE. This 1s expected to employ
initizlly a2 20-megawatt, 20-microsecond transmitter {(zverage power
LO kilowatts) in the 1270-1400 mcps region, with capability of
eventual increase to 60 megawatits and 60 microsaconds {range reso-
lution of better than 40 yards by Chirp technigues). As the decoy

o L
o) 200 to

cloud decreases in range, the beam wldth changes from 5
maintain a 25-mile dliameter field of view., To attain full 75-mile
coverage, this radar is required to overcome jamming af 2 350-mile
range for launching after discrimination, and zt 175 miles for
launching before discrimination., Pulse-to-pulse frequency change
1s employed, and z2galn interference with re-entry d;scrimination
may be difficult because of Jjammer raediztion problems in this
region.gg/

24, In summzry, as long as decoys are able to restrict the ZEUS

intercept coverage and firepower, 1t eppears that ECM of the power

22/ One tactlc against such jamming might be the use of a modifi-
cation similar in principle to the PARADE system developed by
Sylvania for NIKE-HERCULES whereby two TTR's could use passive
triangulation to fire precursor bursts at the jammers. Another
ionger lead-time CCM might be development of a phased-array
antenna to allow use of multiple narrow beams for the DDR, If
this same antenna could perform the functions of the TTR's and
MIR's, appreciable improvements in simultaneocus engagement
capaclity might result,.
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required to further hamper the defense might be impractical. Ir

effective solutions to the out-of-atmosphere decoy precblen become
available, cdevelopment and use of ECM would appear prcfitable to

the eneny, and an ECM-ECCM battle would result.

25. Related to ECM in that 1ts purpose isAalso to reduce effec-
tilve rader range is the use of camouflage naterlal to decrease the
radar cros§ sectlon. Such materizl cannot be expected to survive
I‘e-entr:,r;ELr 1ts welght penalty would be less 2t TTR freguencles
than a2t DDR or LAR and FAR freoquencies (MTR's track z beacon; FAR's
end LAR's may track decoy clouds). It could give apprecizble re-
duction (10‘db or more) in the comparatively large cross sections
corresponding to the side aspects of the nose coné. However, the
smaller nose-on cross sections are the ones employed in discussing
Z=2US czpabilities, since these are more pertinent to the end-game,
and since with careful shaping (not inconsistent with obtaining
high 3) the side-aspect cross sectlons can be made to approach the
nose-on values. To some extent these two methods of reducing cross
section (shaping and camouflage) which employ different principles
are alternatives, and it appears doubtful that camouflage material
can be used to appreciably reduce the nose-on or side-aspect cross
section over that obtained by careful shaping and assumed in Model
B. 8Since range decreases only as the fourth root of cross section,

it does not appear likely that the obtainable reduction in TIR or

DDR range would seriously degrade the ZEUS system.

Effects of Nuclear Bursts

26. By creating what is essentliz2lly an artificial ionosphere,
high altitude nuclear bursts give rise to attenuation, refraction,

and reflectlion effects which could degrade ZEUS performance, The

23/ In normal course of development we may expect modifications in-
creasing ZEUS radzr powers, particularly if 1its anti-satellite
capability were to be developed and implemented,

24/ There may be problems of survival at launch for lower frequency
camouflage, '

{4
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relizbility of prediction of the magnitude and duration o these
effects has been greatly impfoved over the past year as'a resultc of
clarification of theoretical interpretations and comparison with
incomplete experimental data from tests, However, until gaps 1n
experimental knowledge are filled, and further clarification ol the
relative importance of the contributions of‘various phenchena at |
cifferent altitudes in establishing electron concentretions is pro-
vided, such estimates can only be considered preliminary., The fact
that the BTL and RAND estimates may agree within a factor of two is
not a valid reason for accepting elther as being precise to better
than an order of magnitude, conslidéering the range oI phenomena

involved.

27. In view cf the uncertainty of the basic dafa from.which el-
fects on the ZEUS system must be calculazted, a logiczl zpprozch
might reverse a cause and effect calculation procedure to set up
first the effects which can be tolerzted, and then see how the
estimated effects compars with these (this is possible at least
for simpler effects such as blackout and ray-bending); There seem
to bé several general types of effects -- loss of signal from ab-
sorption or reflection (blackout), ray-bending and path-length
effects due to refraction (affecting position accuracy), auroral
clutter and ARGUS noise, and finally perhaps more subtle effects
resulting from time fluctuztions of these, At present it is con-
sidered by BTL that blackout probably represents the most serious
of these, All effects decrease with the sgquare of the freguency,
and hence will degrade the FAR and LAR most, the DDR and TTR less

by factors of 7 and 100 respectively.

28, In connection with the FAR and LAR, a criterion has been
used consisting of the distance osver which 10 db attenuation is
experienced 10 seconds after burst, Ten db is an estimate of the
attenuation (fading) that could be tolerated on a typical estab-
1ished track without loss of track. It would decrease initilal
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detection range by 4§ per cent; however, during 10 seconds the ICEM

will have traveled only 40 miles) and initial detection range will

than rapldly increase. A4 lapse of acguislifion data fcr this time

would be of marginal concern to the system -- far less, e.g., than
) 25/
having to walt for re-entry discrimination. Using current in-

terpretations of data, BTL calculates that a ZEUS burst i

250,000~-foot 2ltitude would crezate 2z 25-mile maximum cdistance for
10 db attentuation (two-way) at 10 seconds, and an 8-mlile distance . -
at 125,000 feet.26 Above and below these altitudes the éffects
zre believed to decrease in magnitude and/or time. These distances
correspond to angles between about 5 and 350, depencing on range of
burst (from 20 to 75 miles; the worst cases of 22° for 125,000-ft
gltitude and 350 for 250,000-7t altitude correspond to bursts dir-
ectly above the LAR). However, in planned deploymen:t a target
would have to be blacked out from at lezst a FAR and LAR (separa-
ted by roughly 500 miles) simultaneously to prevent zecquisition,

and in most cases from several LAR's as well,

29, The same sort of data indicate that a TTR with its normal
time constants probably would have no difficulty in maintaining
track on another target in the burst vicinity since at TTR fre-
quency a decreasing 10 db attenuation would be reached in 2 second
about 2 mile from burst, and the target will have moved 2 com-
parable distance in the same time., A 4-mile diameter, 10 db, 10-
second blind spot to DDR's wilil exist about the burst. A precursor

burst would probably be {90 high to give this effect. Bursts in

2>/ Acgulisitlon should take place at minimum ranges of about 125,
200, and 275 miles for re-entry discrimination, out-cf-
atmosphere discrimination, and precursor burst (if done by TIR
terminal guldance), respectively. If a TTR were available,
acquisition would be accomplished at maximum TTR range (400
miles on a 0.1 target with a traveling wave tube (TWT) re-
ceiver; 600 miles with MASER)., Precursor bursts for the more
stringent case {as far as engagement capacity is concerned) of
high angle re-entry would be too hi to cause serious black-
out {according to present knowledge).

26/ These distances will have shrunk to the order of a mile after
100 seconds. :
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the region from mid-intercept to maximum ranges would exist if
extra-atmosgherié diécrimiﬁation_had been successful, but TTR's
(not susceptible to bdlinding) would already have been zssigned to
other warheads in the clougd, 1fiany. There is a chance that extra-

atmospheric discrimination of at least parts of a following c¢loud

could be interfered with for a time of.the order of 10 seconds
(objects would traverse the lL-mile distance in a éecond). In de-
ployments of more than one firing unit this could be minimized by
assignment doctrine, If the initizl burst had to await re-entry
discerimination, again it could not interfere with discri:ipation
within the cloud, but might delay out-ol-atmosphere discriminztion
of a fellowing cloud appropriately timed and positioned. If extrz-
atmospheric discrimination had not sufficed for the first cloud, it
might not also for the second. In this case only an appropriately
positioned close-following cloud {szy the order of 1l0-seconds
separation) would be in danger of evading discrimination due to DDR
blackout, znd this might be_avoided by proper firing unit assign-
ment. If only one firing unit were availlable, then the 35-second
recycle time of a TTR-DDR combination which we use in.a later
section to arrive at engagement capacities might In some cases be
increased to perhaps 50 seconds, with corresponding reduction in

steady state engagement capacilty.

30. Ray-bending prhenomena seem to have recelved less attention
in general than blackout phenomena, The LAR pointing error from
this source can be up to 5 mils (0.30) before requiring z search
by the 10 mil (0.6°) TTR beam when locking on 2 éingle object. A
decoy cloud Subtends mich larger angles, and which object the TTR
locks on initially i1s not important; however, since the TTR beam
subtends only 3 miles et 300 miles range, TTR search before lock-on

might be required even here if bending errors exceeded 5 mils (a

spiral TTR search might 2lso be required for "low-altitude" anti-
aircraft capability using the hardened LAR), Potentially this
5 mil tolerable error before search is réquired could be increased

to 45 (2.5°) by employing the 5° DDR beam. Thus there seem to be
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ways of solving ray-bending effects on the acquisitiorn problem to

the extent that blackout as discussed above then becomes the

bottleneck.

31. The other possibility of.degradation due to ray-bending
stems from the different freguencies of the TTR (5500 mcps) and
MIR (9000 mcps). 8ince the square of the fréquency ratio is
roughly 3, the final errorgZ/ due to the different bending oif MIR
and TTR rays will be about 2/3 the larger deviation (that oL the
TTR). At the maximum range of 75 miles the ZEUS system is expec-~
ted to have & miss distance standard deviation of 150 ft (compared
toc & kill radius of 800 ft against & shielded warhead), It would
thus seem deslirzble to 1imit the error introduced by rey-bending to
about 150 ft or 1/3 mil, thus allowing a TTR ray-Y%ending of zdout
1/2 mil (0.03o or 1.7'). Present calculations seem to indicaie
thet ét these zltitudes the TTR bending will be less than this
value, but further considerztion of the effects of B-ray concentra-
tion by magnetic fields at high zltiftude 1s needed. 1In generzl, it
is expected that position errors resulting from path-length veria-

tion (due to phase velocity changes) would be less than those due

to angular displacements,

32. There appear to be large variations in estimated magnitude
of auroral clutter and ARGUS noise, aside from the sensitivity of
these effects tTo location., Perhaps the most ARGUS noise might
reasonably be expected to do 1s to prevent full rezlization of the
maximum ranges expected with the low-noise MASER amplifier of the
TTR, Although both effects may be worse for the LAR and FAR,
clutter effects, at least, are gated out by the same circuits that

exclude meteors in the 50-75 mile altitude region.

33. We are not familiar with work done specifically on the

degradation of radar data (e.g,, interference with Chirp operation

27/ ITf both TTR and MI'R rays were bent the same anount, missile
and target would be brought together by the commend system
with no final error resulting from the egual deviation of the

beams.
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or range accuracy) and possible system effects (e.g., interference
with track-while-scan or analvtic prediction) from the t}ansient
and perhaps fluctuating nature of the changes in the dielectric
propagation media. Perhaps theee are of importance only for a few

seconds immediately after burst.

34, All our considerations above have been based on interfer-
ence to NIKE-ZEUS from its own bursts. We would not expect such
high-altitude bursts from enemy warheads unless it were with the
deliberate intent of degrading the active dsfense (or some other
military system depending upon electiromzgnetic phenomena).gg/
Although the enemy surely would use higher yileld bursts than that
of the ZEUS warhead for such purpose, still the p?ecise timing
which appears to be required to make such z tactic effective, and

the number required to overcome depleoyment factors, make it doubt-

ful the enemy would place much reliance. on such a measure,

35, In summary, 1t appears that nuclezr effects as presently
estimated would result in only moderazte degradation of the ZEUS
system from its own bursts under near-saturation conditions, and
would be difficult fer an enemy to utilize profitably., However,
present estimates are subject to feairly large uncertainties of
data and lnterpretation, belng based on z few tests with incom-
plete instrumentation, and involving large numbers of competing
phenomena whose relative importances are not fully understood,
Thus any decisions of high confldence regardéing ZEUS effectiveness
in a nuclea: environment must aweit results of further high-
altitude nuclear tests. Consideration is being given to increas-
ing the FAR and LAR freguencles, should the effects prove more

serious than anticipated,

25/ Pointing out thal such bursts can hamper or knock out elec-
tronic systems (BMEWS, communications) 1s not to say that they
would have a high pay-off value to the enemy. I 1s pertinent
here that high-altitude bursts against other systems would
1ikely have liftle effect on ZEUS defense,
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ESTIMATION OF ENGAGEMENT CAPACITY AND COVERAGE UNDER COUNTER-
NZASURE CONOITIONS ’

36, If the engagement capacity and coverage of a fire unit (of
given capability) against a threat (of given characteristics) can

be determined, comparatively simple assumpticns as to kill proba-

bility and salvo size will allow various measures of defense effec-
tiveness to be applied. Early BTL studles considered engagement
capacity from the standpoint of "multiplex" cperation wherein the.
virtually unsaturable local zacquisition radar furnisheé ézta for
early missile guidance and the TTR's were reguired to track for
nly about 12 seconds immediaztely befeore intercept, giving & maxi-
mum TTR recycling time (including slewing to target, etc,) estima-
ted as 24 seconds. Thus, with 3 TTR's per firing unit, an inter-
cept could be made every 8 seconds. By permittiné interéepts zt
maximum range on down to 2 minimum altitude, 2 certain number of
ICBM's {up to perhaps 9, depending upon their ballistic coef-
ficlents znd upon how much of their trajectories lay in the field
of fire) arriving simultanesusly could be engaged. As the time
spacing of ICBM's was increased from zero (simultaneous) to 8 sec-
onds (corresponding to the maximum-steady state engagement rate),
the number of ICBM's a firing unit could handle (or the number of
times the TTR's could be used before intercept took place below the
minimum zltitude) increased (from 9) to the limit Imposed by the
number of avallable missiles, In addltion to carrying out a repre-
sentative traffic analysis to determine these numbers, these
studies zlsc gave zn approximate method for determining the expec-
ted number of ICBM's engaged in the practically impertant case of
attack by a fixed number of ICBM's normally distributed with a
given standard deviation in arrival time.gg/ Perhaps the easiest

wzy to improve on this approximation method and to establish confi-

dence limits would be Monte Carlo sampling with a digital computer,

One approach in this direction is discussed in a following section.

29/ An example typlcal of such calculations gives a firing unit
engagement capacity for 29 missiles in a Gaussian attack of
one minute standagd deviatlion,
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37. Such ezrly studles ignored 1ight decoys which would reduce
meximaim range (this might be justified for low re-entry angles and
launch before discrimination), and assumed that heavy decoyé would

have to be engaged, thus diluting the effectlve engagement capacity.

Later studies clearly recognize the complications which decoy
countermeasures could introduce into the muitiplex mogz of opera-
tion a2s & result of the necessity for use of the TTR znd slaved
DDR for discrimination of light decoys outside the atmosphere and
of heavy decoys inside the atmosphere, These complications in-
crease the recycling times by varying amounts on the one hand and
reduce the number of decoys which have to be engazged on the other,
Obviously a traffic analysis of n ICBM's normally distributed in

errival time, each accompanied by decoys, becomes z complicated

w

ffair. Howsver, approximate analyses can still be made for the
simpler cases of simltaneous arrival and constant rate (steady
state) arrival, and something can be sald about cases of nearly
simultaneous arrival. For these purposes it is convenient o dis-
cuss separately the following two cases: (1) ZEUS Models A and B
(these are considered together Dbecause they have si mllar engage-
ment capacities and coverages with respect to objects fired on --
they differ in that Model A will waste missiles on some heavy de-
coys, whereas a successful Model B will not), and (2) ZEUS Model C
with precursor burst discrimination (or other disc:imination neans
which must be brought near the enemy missile). For each of these
cases, launch before discrimination is considered standard opera-
ting procedure. However, the reduced capabilities of launch after
discrimination will be discussed as a matter of interest and a

- simpler starting point, glving a lower 1limit on effectiveness

parameters.

ZEUS Mocdels A and B

38. When launch is delayed until re-entry discrimination is
completed, TTR recycle time consists of about five seconds slew-

ing, four seconds smoothing, eight seconds ftracking for-

//M
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discrimination, with the remainder being determined by the timeu-
of flight of the salvo to intercept., For heavy decoys, inteéercepts
can be made out to 10 to 25 milés radius, with the lerger radius
corresponding to slow re-entry ICBM;S (Threat Model A) and IRBM's
(Threat Models C and D), and the smzller radius corresponding to
fast ICBM's (Threat Model B). Discrimination comes so late
(a2round 200,000-foot zltitude) that only with slow re-entry
bodies, i1 a2t all, can the TTR's be used more than once against
simultaneous decoy clouds to intercept at acceptable altitudes.
Thus 2 minimum simultaneous engagement capacity of three is
indicated for =z standard firing unit. However, there is 2
separation time, less than the recycle time,ég/ for which objects
f5llowing the initial "sirultaneous" group can still be inter-
cepted above minimum acceptable altitude of intercept (often
taken to be 30,000 feet). Thus for “"nearly simultzneous" clouds
(and perhaps for cluster warheads of large extent), a "nearly
simultaneous" engagement capacity of six can be attained in

some cases. The steady state engagement capaclity for intercepting
slow ICBM's at 25-mile range would be about one every twelve
seconds {corresponding to é recycle time of 35 seconds); for

- fast ICBM's at 10-mile range, one every 9 seconds (28 seconds

recycle time).

39, For the normal situation of launching before discrimination,
time of launch and trzjectory can be selected so ;hat, for the
latest expected discriminztion time.of the nearest object in a
cloud (corresponding to the lowest expected discrimination élti-

" tude of this object -- e.g., 200,000 feet for B = 20), the salvo

30/ This separation time is less than the recycle time by the time
required for the object to travel from earliest possible inter-
cept to minimum acceptable zltitude., This latter time is thus
dependent upon a traffic analysis as well as ZEUS and threat
model characteristies, It is important in calculations assum-
ing a distribution of arrival times, and we shall denote 1t as
"engageable" time v, '
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will have 15 seconds maneuver time afier discrimination and before
possible intercept of the object;'assuming it had infinite ballis-
tic coefficient (no slow-dovm), - The 15 seconds will aliow coverage
of 2 cloué of zt least 25 ﬁiles'diameter anyvhere within the 75-
mile maximum range.‘l For actuzl warheads of finite B, somewhat
more than 15 seconds may occur between discrimination ant inter-

cept, allowing & slightly larger coverage znd higher intercept

(Gepending on geometry).

40, Recyecle time for this normal situstion would be zbout 32

t of

[11]

seconds (5 + 4 + 8 4+ 15), or not greatly different from <h
the launch efter discrimination case; in fact, for most threzts,
the two cases are the same in the "unrestricted" area around the
battery. Thus egain there would be no opportunity for a second
chance at objects in a simultanecus threat except perhaps for slow
re-entry bodies or IRBM's (especizlly at low angles). Agein there
is a "reservolr' time which determines how nearly simultaneous

the threat must be before a nearly simultaneous engagement czpaclty
of six can be achieved, The steady state engagement éapacity
would be roughly one every ten seconds as before. However, for

the area outside that immediately around the firing unit (and up

to 75-mile radius), attainment of the nearly simultaneous engage-
ment capacity of six, as well as the above steady étate rate, are
dependent upon rescricting salvos to less than three missiles or

increasing the MTR:TIR ratio to allcw multiplex operation,

EUS Model C

41, A ZEUS Model C which could successfully discriminzte decoys
cutside the atmosphere using radsr signature without precursor
burst or other missile aids could more néarly approach the engage-

ment capacities and 75-mile coverage radius calculated in the early

317 Except that when these coverages are on either flank of the
firing unit, they are sgueezed in the flank dimensilon,
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studies for the case of no decoys. It would fall short of these

in an extended high-level attack, however, to the extent that
“tying up" the TTR's for decoy discrimination outside the atmos-

phere increased the average recycling time. For a less extended

or simultaneous atftack in which all decoys could be discrimineted
by the time it became necessary to use the TTR for finzl tracking

32/
pefore T5-mile intercept, the engegement ceapacities zné 75-

53/
mile coverage radius of the early studies could be rezlized.
We have seen,however, that such discrimination methods probably

can be defeated by balloon decoys.

k2. Should out-of-ztmosphere discriminztion by precursor burst
or other missile aids prove to give high confidence discrimination,
these would prove equally as effective as the radér gsignature
method of the preceding paragraph in maximizing the simultaneosus
or nearly simultaneous engagement capacities. This is agaig!be—
cause discrimination could be accomplished beyond the range;EJre-
quired to assure 75-mile maximum range intercept, zllowing the TTR
to achieve z recycling time of 24 seconds (uncomplicatéd by further
discrimination requirements) to be emﬁloyed over a time "reservoir”
determined by the time required for the simultaneous objects to
trzvel from altitude of initial engagement to minimum zacceptatble
intercept (with multiplex operation to place missilés in proper
trajectories prior to take-over by guidance from TTR data). The
steady state engagement capability would agein be comparable to

that of the preceding paragraph, assuming that the final TTR

32/ Tnis time would correspona to a range of about 300 miles for
launch after discrimination, 125 for launch before discrimina-
tion in the ICRY case, and to lesser ranges corresponding to

. the lesser speeds 1ln the IRR case.

23/ This again assumes adeguate MIR's (depending upon the number
of missiles per salvo) to allow multiplex operation.

L/ Precursor burst is possible to 400-mile maximum range of mis-
sile. As in footnote 31, it might be required out to 125 or
300 miles. For ICHBM, this requires detection by LAR or FAR
at 500 or 1200 miles respectively.
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guldance time for the precursor burst plus the subsequent dis-

erimination time is comparable to that of the radar signature
alone case., However, it 1is not now apparent that this kind of

out-of-atmosphere discrimination can be developed into such a

high-confidence method that missiles could be used effectiively

without waiting for re-entry discrimination.

ZEUS Model D

L3, As long as re-entry phenomena constitute the most reliable
sources of discrimination, it would zppear reasonable ToO use out-
olf-atmosphere techniques {including precursor bursts) in the
initial stage of an attack (before re-entry pnenomena are avail-
able). Thereafter, these out-of-atmosphere techniques might be
used only whenever TTR's were not tied up with re-entry cdis-
criminagtion, unless the initial use showed that an appreciable
number of decoys were eliminated which would not have been
eliminated upon re-entry (as could be the case with heavy de-
coys whose signature mzatched in but not osut of the atmOSphere).
Assuming that the out-of-atmosphere dlscrimination leaves enough
unéiscriminated objects that we must await re-entry discrimina-
tion before committing missiles to targets, the chief advantages
of Model C would be to eliminate decoys which might not be |
eliminated by Models A or B. Thilis would not increase engagement
capacity as we have been using the term (i.e., to indicate the
number of objects which can be taken under fire), but would make
ZEUS Model C more effective than Model B in the éame way that B
is more efféctive than A -~ by reducing the number of undié-
criminated decoys among the objects fired on. Thus Model C would
take some of the burden off re-entry discrimination as well as

complicate the enemy's decoy problem. This composife use of

Models A, B, and C in such a realistic way we have called

-

Model D,
!,r; '
i/ )
[/w
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REPRESENTATIVE NIKE-ZEUS SIMULATION MODEL

L, Heving discussed the generzl behavior of severzl ZZUS
capabllity models as related to several threat models or types

of threats, we can now select a simulation model of “he NIKE-

<ZUS firing unit in action zgeinst inconing enemy missiles arnd
deceys with some confidence zs to its appliéability. It would
heve been more satisfying to have carried out more exterzive and
precise celculations for & number of the interesting situztions
defined in the preceding sections, but for the purpcses of this
project the discussion given is perheps sufficient tc gllow the

e
v

n model

WS
9]

1
o

selection of parameter veliues for z simplified simu
wnich can give & rezsonegble zpproximation as to realistic

behavior as well z2s it can now be foreseen,

45, The simulation model assumed has been coded for the IBM-
€50, using a random sampling procedure. It applies to a number

£ incoming enenmy missiles{ ezch with or without non-discriminable
decoys (for the case of decoy clouds), or easch consisting of
ocne or more warheads (for the case of cluster warheadé). Arrivel
of a single missile and its decoys, or of the elements of a
single cluster-warhead missile, is zssumed simultaneous., Missile
arrival {imes zre zassumed ftc be 2 randpm sample from a normal

distribution.

LE, The following three constants are assumed for the system:
2. Recycle time K., This is the average minimum time
required by the TTR (and slaved DDR) between successive §a1vo
intercepts, and includes slewing, smoothing, tracking for dis-
crimination and analytic prediction, and delay between indi-

vidual missiles of a salvo.

b. Engageable time v. 7This 1s the time during which a
single warhead or non-discriminable decoy can be engaged,

beginning with earliest possible intercept {considering

' Enclosure “D"
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discrinlnation ‘decisions which must be made ), and ending with
tainment of & minimum accepuable altitude, Detazilecd applica-
tlon would reouire what has %een referred to previously as

treffic analysis (including pesition and specification of

enemy trzjectories); for our purposes we have used &z constant
velue of p.
€. Stendard deviation of arrival times o. This is the

standargd deviztion of the normasl distributlion of arrivzl times.

L7, The simulztion then examines sz la“ e nunber of samples of
rendom normel deviztes of a given size to determine the rropor
tion of samples in which z vpenetration occurs, Penetration
cccurs when z missile, or portion of the elements of z missile
{e.g., 2 warhead among severzl non-discriminable decoys), is
engageable for time v but 1s not engaged. Z=Zngagement ol z
missile element occurs if the time of arrival of the element,
plus engageable time + 1s mot less than the time of the last
previous engagement plus recycle time ¢ for all TTR‘s_of the

iring unit. No tracking time 1s assumed to be expended on &
missile thet cannot be engaged. In view of the approximetion of
constant ¢ (which zctually varies with coverage)}, and the fact
that whether thelr coverages overlap or not, all fire units of
a Local Defense Center will be controlled from that center, it
seems reasonable to treat penetration of coverage of several {ire
units &s simply involving the totzl number ¢of TIR's controlled

according to the same engagement rules as for z single fire unit,

18, Some results of this simulation are presented in Figures 1-3.
for several values of the parameters % and %; The curves show

the probability P of penetration as a function of sample size

(number of attacking missiles). Orre sigma confidence limits are

shovn, based on the binomial distribution, for 50 samples, with

standard deviation ¥50 P (1-P).
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FIGURES 1 AND 2

PROPORTION OF PENETRATIONS FOR VARIQUS SIZES

OrF MISSILE ATTACKS, WiTHOUT CLUSTER WARREAD

PROPORTION Or PENETRATIONS FOR VARIOUS SIZ:zS
Or IKISSILe ATTACKS, WITH 3-tlealZNT CLUSTeR OR
2 NON-DISCRIMINAELE DECOYS, AGAINST ON: EBATIEZRY
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PROPORTION OF PENETRATIONS

PROPORTION OF PENETRATIONS FOR VARIOUS SIZES OF MISSILE ATTACKS, WITHOUT CLUSTER WARHEAD OR
NON-DISCRIMINABLE DECOYS,AGAINST ONE BATTERY

Normal Distribution of Incoming Missiles Estimates and Estimated One-Sigma Limits Shown

i.

For Definition of p,o, v, and the Mode! Assumed, See Text
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PROPORTION OF PENETRATIONS FOR VARIOUS $IZES OF MISSILE ATTACKS, WITHOUT CLUSTER WARHEAD OR
NON-DISCRIMINABLE DECOYS, AGAINST ONE BATTERY
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PROPORTION OF PENETRATIONS FOR VARIOUS SIZES OF MISSILE ATTACKS, WITH 3-ELEMENT

CLUSTER OR 2 NON-DISCRIMINABLE DECOYS, AGAINST ONE BATTERY
Estimates and Estimated One-Sigma Limits Shown
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LG, In this project, values of & - 1 minute, H - 30 seconds,
and v = 12 seconds have been chosen to illustrate results of
various attacks. This value of v 1is fairly insensitive to

threat characteristics, and is probably quite realistic. The

vaive of v (taking minimum acceptable zltitude as 30,000 feet)
appears to be 2 gross avera.e over possible re-entry engles for
a slow type warhead (Threat iodel A) or for IRRM's {larger
values might be obtained for the shorter range IRRi's). For
intermediate and fast warheads, the value of v would only be
several seconds; however, the approximztion c¢f constant vealiue

of p is very poor in these cases both because of variztion with

he

ot

re~entry angle and variztion between the areas adjecent to
fire unit and the erea further removed toward méximum range.

For this latter area, it 1s even doubtful that intercept can

be made on fast re-entry bodies above 30,000 Teet without reducing
the volume of the cloud that can be cévered; however, wWe have

not made the necessary calculations to determine this. It showld
perhaps be recalled that, in order to be rezlistic, we have

gi&en ZEUS out-of-atmosphere decoy discrimination facilities no
capabllity for increasing either range of intercept or number

of objects which can be engaged, thus limiting its value to
assisting re-entry discrimination in reducing the number of

decoys which cannot be discriminated.

50. The chosen values of 0= 1 minute, K = 30 seccnds,
and v = 12 seconds, when applied to the simulation model, lead
to estimates of the price in missiles to the attacker to penetraté
2 NIKE-ZEUS firing unit. For an attack by missiles without '
cluster warheads or undiscriminated decoys, S0 per cent probability

of penetration is achieved with about 17 missiles. I the three

sub-warheads of a2 3-element cluster arrive simultaneously (or if

& warhead arrives simultaneously with two undiscriminated decoys)

Enclosure "D
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C0 per cent probability of penetration'of 2t least one warhead
is aclkieved with 5 missiles. For these cases the "prace” is
defined as 16 and 4 respectively, these being the increase in

cost (in number of missiles) of 20 per cent penetration probability

whicihh NIKE-ZEUS imposes, over the cost of NIKE-ZEUS does not _
defend the area penetrated. Similarly, the figure of 28 missiles
obtained in Enclosure "C'", for an attzck using no saturztion
techiniques, to give S0 per cent penefration probability,

corresponds to a2 price of 27 missiles.
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TABLE II

_PROBABILITY OF ACHIEVING 5 AND 100 PST AT ATH POINT
[SURTACE BURST)

Standard Devization Probability of Probability of
of Delivervy Error Yield - 5 psi 100 psi
1 MT .95 14
2 MT .99 ' ‘ .21
6,000 Feet L o 10 ' a2
8 MT 1.0 45
1 MT .54 .C4
2 MT .68 .06
12,000 Feet L M a7 10
8 Mr .95 L 14
1 Mmr .30 .01
. 2 MT A2 .03
8 MT .75 07
1 MT .19 .00
2 MD . 27 .01
24,000 Feet b M7 39 o2
8 mr .54 04

Q 26_. Let us suppose that P, 1s the probability that the
NIKE-ZEUS system will not be penetrated by the i-th incoming

enemy missile, for a given NIKE-ZEUS firing doctirine. We c:.lSO Q-

suppose that penetration 1s equivalent to destruction of thei

t-(w)_] 8
NIKE-ZEUS site, We have P, = .992, or 96 or 80 if the i- t

(-Gt

NIKE-ZEUS sazlvo is a 3=, 2-, or l-missile salvo, respectively.
[ G2 0"’] Ak

Then  Probability / shoot exactly k NIKE-ZEUS salvos / = Prob
bility / k-th enemy missile penetrates and no previous m_issile Li—éss\,j‘-{_,i

penetrates 7/ = (1 - Pk) (Pl Py oo Pk-l) where we recall thav/;g—_

the values P, depend on the firing doctrine chosen. The | # #& -¥ow 41D

so wikadt be
U
r. P
) Tiie CNJ-LJ;(U{U-"'
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£k (2y...7, 4) (2 - P) vhere ‘k is summed over 211 2,

for which P, #0, that is, to the point where all the missiles

zre fired,

ot

& 27. Suppocse thaet the firing doctrine chosen is the ons that

et is,

will maeximize the velue 2f s for which Pl"'Ps % .10, t:

o

gocirine mexinizing the cost to the enenmy of 9C per cent zssurance

¢l penetration, This doctrine will recquire the use of ¢t lezst

o the supply of 30 missiles in the first s selvos, &s showﬂ

and consequently, for the desirsd maeximum valuc

.vs.F_ 2 .10, then P.,...P

1 S+1
(1.e., 1 = 3), Conseguently, we may suppose I 1

i

Also, we supposs 1, < i, for J & Xk, since we wish to keep
the probability of penetratvicn with k missiles as small as

possible within the confines of the firing doctrine,

s
where 2b+2(c-b) + (s-¢) Z 48, We fire b salvos of 3 missiles

S 28. We obtain then P ...P_ = (.992)° (.98)°7° (.8)5¢ = 10,

each, then <c¢-a szalvoe of'E missiles each, and s-é salvos of
1 missile each., A little hand celculation with this formuls,
using Teble III, shows that the maximum number of enemy missiles
required to obtain 90 per cent probability of penetration 1s 28,
The firing doctrine consists of 22 salves of 2 missiles each
and 6 sa2lvos of 1 missile ezch, The probability of penetration
in the first 28 shots is 1-(.96)22 (.8)6 = .90 The proba-

bility of penetration on the 29th shot 1s 1.0, because no mis-

siles remain to be fired.

G 29, Similarly, if we wish to choose a doctrine maximizing the

number of nemy missiles required to obtain 50 per cent proda-

bility of penetration, a2 1little hand calculation from Table III

o FEIEASEEFAT At LI
' R R N e b ,
éZ;/ ' ejiiiiﬁf Enclosure "C"
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2.= X-0,Z2) 7, vhere i =1, Z, 0 3. We wiil rsssume
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shows that we must use 6 salvos of 3 missiles, &nd 16 salvos
of 2 missiles., Agzin, the ftotal reguired for 50 per c¢cznt and
100 per cent probability of penestration differs by one, being

22 and 23 respectively. We might note that if the firing doc-

trine maximizing the number recuired for 90 per cent probebility
of penstration is chosen, then 30 per cent probability of

penetration is achieved with the 17th enemy missile.

TABLE ITI
VALUES OF x* FOR VARIOUS x AND X
(.002)F (.95)¥ )
kK =1 .992 .96 .8
2 L9384 .92 Lol
3 ,g76 .88 .51
4 963 .85 A1
5 .96 . 815 .33
6 .95 .76 _ .26
7 L0435 .75 .21
e .ol 72 .17
e .93 .69 13
10 92 .66 .11
11 915 .6l .09
12 91 .61 .07
13 g0 .58 06
14 89 .56 045
15 .89 Sl Ol
16 .38 .52 .03
17 .87 .50 .03
18 a7 48 02
19 ,86 U6 01
20 .85 Ll .01
21 .8l A2 .01
22 .84 b1 .01
23 .83 . 39 .01
24 .83 .37 .00

) 30. Wnhich, if any, of the three firing doctrines examined
here might be chosen by a NIKE-ZEUS battery could depend on

Enclosure "C"
WSEG Report No. 45




-3

expected nunoer of salvos fired by NIKZE-ZEUS is then

Tk (Pl"'Pk-l) (1 - Pk) vhere "% is summed over 211 7,

for whien P, #0, thet is, to the point where all the missiles

are fired,

pose that the firing doctrine chosen is the one that

o)

Ce 2 ? . Su

will maximize the value of g for which Pl"' s

gocirine maximizing the cost to the enenmy of 90 per cent assurance

cf penetration. This doctrine will recquire the use of ¢t lezast

ol the supply of 30 missiles in the first s sezlvos, &s chown

. BN f - . - - . .
Telow, Iet P.= 1-0.Z) 7, yvhere i, =1, 2, or 3, We will cssume

and conseguently, for the desired maximum value

. 2 - : 1‘
il s 1’ Ps+1 éo’ Ps+l : 0
(i.e. i1 = 3). Conseguently, we may supposs I i, Z 4z,
et - l{ i -

Also, we suppose 1, <1 for J & Xk, since we wish to keep
the probabillty of penetraticon with Kk missiles as small as

possitle within the confinzs of the firing doctrine,

S 28. We obtain then P....P_ = (.992)° (.96)°7° (.8)%7° z .10,
where 32b+2(c-b) + (s-¢) Z 48, We fire b salvos of 3 missiles
each, then c¢-a salvo of‘2 missiles each, and s-é szlvos of
1 missile each, A little hand calculation with this formula,
using Teble III, shows that the maximum number of enemy missiles
reguired to obtain 90 per cent probability of penetration is 28,
The firing coctrine coneists of 22 salvos of 2 missiles each

and 6 sa2lvos of 1 missile each. The probabilitv of penetration
in the first 28 shots is 1-(.96)22 (.8)® = .90 The probe-
bility of penetration on the 29th shot is 1.0, because no mis-

siles remzin to be fired.

C 29. Similarly, if we wish to choose a doctrine maximizing the

number of enem3 missiles regquired to obtain 50 per cent proba-
bility of penetration, a2 little hand calculation from Table III

-J i
)
-
/ﬁ ';gaa-:-/
i d
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shows that we must use 6 salvos of 3 mibsiles, &nd 16 salvos
of ¢ missiles, Agein, the total required for 50 per cznt and
100 per cent probability of penetration differs by one, being

2z and 23 respectively. We might note that if the firing doc-

trine meximizing the number recuired for 90 per cent probability
of penetration is chosen, then 50 per cent probability of

penetration is echieved with the 17th enemy missile.

TABLE III
VALUES OF x* FOR VARIOUS x AND k

(.092)F (.9%)% (.8

k=1 . 992 .G6 8
2 .08k .92 . 54
3 .976 . 88 51
L 963 85 4
5 .96 . 815 33
6 .95 .78 26
7 QL5 75 .21
g ol .72 17
° .93 .69 13
10 92 .66 .11
11 .915 .6l .09
12 .91 .61 .07
13 .90 .58 06
14 89 .56 .0U5
15 .89 .54 | .0k
16 .38 .52 .03
17 .87 .50 .03
18 &7 ,ug 02
29 .86 46 01
20 .85 Ll .01
21 .8l 42 .01
22 .84 A1 .01
23 .83 .39 .01
24 c3 .37 .00

-I 30, Which, if any, of the three firing doctrines examined
here might be chosen by a NIKE-ZEUS battery could depend on

;e \FE = . ItAh
e vy L\ V& Enclosure "C
Y Smase "-t) LU 23 WSEG Report No. 45




N T 13 *EZE&$¥’1_~,“‘=% I

the estimate made of the enemvy'!'s intentions, 2s well as on the

{1)

nature oI tne target.

" 31. If the terget is soft for example, and it is estimeted
that the number of missiles that will be sent against the target
is small, salvos of three missiles may be used, If it 1s tihought
that the enemy wishes to insure penetrztion of the target, and
will devote 2s many missiles 28 necessary to that task, then

a salvo scheme similar to the one maximizing the number of

eneny missiles necessary to achlieve G0 per cent probability of

-
1

penetrztion could be chosen.,

i 32. The expected aim point of the enemy missile is z2lsc a
factor., If the targets protected by NI¥Z-ZEUS are hard, znd
the incoming enemy missiles are not aimed close to vulnerable
portions of the NIKE-ZEUS battery, then the firing doctrine ol
one NIKE-ZEUS missile for each enemy missile might be chosen

to maximize the expected effectiveness of each NIKE-ZEUS nmis-
sile. DBecause of this tactic, 1 the targets zre numerosus,

and hard, the rest enemy strategy would zppear to be 1o attempt
destruction of the defending battery before going after the hard
targets., Since the enemy probably cannot operate under 2z
" shoot-look-shoot doctrine he must expend enough missiles on

the battery to insure a high probability of penetration and

destruction.

33, The analysis in this section has ignored the possibdble
enemy capability in decoys, cluster warheads, and closer spacing
of incoming missiles to attempt traffic saturation, and repfe~
sents an upper bound on the enemy's penetration requirements.
Attempts to achieve traffic saturation could greatly reduce

this bound.

) Enclosure "C"
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34. Enclosure "D" gives a discussion of the tﬁaffic-handling

capabilities of NIKE-ZEUS under various zttack conditions. A
computing machine simulation of a NIKE-ZEUS battery, described

in Enclosure "D", shows the force levels required to saturzte

the system. For example, 17 missliles whose delivery times are
normally distributed with one minute standard deviation, arriving
against a battery which requires 20 seconds from engagement to
engagement, and which can terminate successful engagement cnly
during a l2-second enemy flight time, wlll have a 90 per cent
probability of at least one wezpon down on target., If each
missile arrives together with two non-discriminable decoyvs, only
5 missiles will be required to achieve 90 per cent probabllity

of one successful missile on targast.

\5:35. These reduced force levels illustrate clearly the value
to be gained by the use of tralfic saturation techniques and
non-discriminable decoys, or cluster warheads. Reduction in
force levels necessary to achieve a2 certain degree of damage té
the NIKE-ZEUS system can be very large, 1f the enemy has the
necessary technigues in missile development and launch

coordination,

DEFENSE OF THE MINUTEMAN AND OTHER MISSILE SYSTEMS -

MINUTEMAN
[Q}SS. A discussion of possible 1965 forece levels in MINUTEMAN
missiles has been given in paragraph 5, together with the
characterlistics of the system. This system is expected to com-
prise a2 large portion of the U,S. retazliatory force at this
time, and its hardness makes it relatively invulnerzsble to
attack. A possible use for NIKE-ZEUS batteries might be to
provide protection for a large number of hardened MINUTEMAN

missile sites. We will investigate the potential effectiveness

of this use in this section.
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£ 1 37. The MINUTZMAN missile is pﬁanﬁed to have a reaction time

oS
Lr 'F\

of | . ~ that is, it can be launched | a2l

signal-to-launch. However, because the missile is not reczll-

-t

b

[¢1]

1
e in cese of an unjustified launching, the decision to lzunch /}

mey not be left to low level personnel, and may have to await 2

b SRt XA ?\1

signal that arrives some time even after an attack on IIUTIM

re

i

Ascd
Czsir.

itee has begun, For strategic purposes, also, it mey

LA

atle to reserve some missiles for the threat of later use., 1In

srder to survives, these siftes may have to endure attack by low

1

gltitude aerodyvneamic miss iles and manned bombers.

b4
) 38, Sepzration of MINUTEMAN missile sites is currenily planned
to be at least 4 n.mi, to prevent multiple kills from enamy
wzapons. With this spacing, & very large number of MINUTEMAN
missile sites could be contained within the protective umbrelilsz ?

cf one NIKE-ZzUS battery (if assumed to be 75 miles in radius).
Of course other targets ceserving protection could 2lso be under
this umbrella, Xowever, in tﬁis sectlon we will investigate

only the potentizl usefulness of the NIKE-ZEUS system for defend-

ing MINUTEMAN.

.\i 29. Investment costs of the NIKE-ZEUS system, which exclude
researcn and development and annual operating costs, are given
in Appendix "A" of Enclesure "A", For the 120-battery program,
available in about 1968, the cost of 9 FAR's, 35 LAR's and

120 batteries, axcluding warhsads, is given as approximately
$11,540,000,000 or & battery-slice cost of about $96 million,

If the FAR's are excluded from this cost, the per-battery-slice
cost would be zbout $91 million, Costs for various MINUTEMAN
missile programs are given in Enclosure "D" to the Second .innual

neview of WSEG Report No, 23. The investment cost, which excludes

research and development, warheads, and annual operating
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