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POTENTIAL CONTRIEUTION:OF NIKE-ZEUS TO DEFENSE OF
TEE U,S. POPULATION AND IT8 INDUSTRIAL BASE,
AND THE U.S. RETALLATORY SYSTENW

Y

{A_U\,STATEMENT OF THE PROBLEM

‘ 1. The Weapons Systems Evaluation Group hes been regquested
"to evaluate the potential velue of the NIKE-ZEUS anti-
bailistic missile system in the defense of population centers,

retaliatory bases, and other pertinent instazllations.

2. "The study should assume:

2. Design specifications of the cystem will be nmet.
b. A date of availability of the system zbout 1964,
"The study should develop costs for various levels of defense
and, where possible, a2lternzte means of achieving similer

1/
=/
objectives should be evaluated."

BACKGROUND DISCUSSION

3. The bulk of this Report is devoted to a guantitative
analysis of the cost/effectiveness of postulated AICEM active
defenses and possible compleméntary and.alternative defense
measures. The fundamental requirement for an active AICHEM
defense 1n CONUS has been established Primarily on grounds
other than its cost/effectiveness; thus the results of this
baper serve only to indicate how such an active defense can
be employed, not whether it should be employed. Previous
WSEG studiesg/ﬁave concluded that in the budget for CONUS aip
defense, active AICREM 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 Delense 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
concept has received JCS agreement. WSEGQ anG@ CINCNORAD
reached this conclusion despite knowledge of the high cost

and technical difficulty of achieving even 2 moderate active

v o w N

defense level against ballistic missile attack,

4. The present analysis indicates that an active defense
such as could be provided by NIXE-ZEUS can protect selected
targets in CONUS against attacks in which only small numbers

v @ N o

of warheads arrive simultaneously or in which larger numbers
of warheads arrive so spaced in time as to fail to saturate 10
the defenses. Both of these cases are relevant to possib}e 1l
future attacks by the USSR or possibly lesser powers., It is 12
also shown that if the enemy is capable of delivering satura- 13

tion attacks, either by use of cluster warneads 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. This is also true of our

anti-bomber defense;, yet 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, psychological 23
and military necessity for providing some active protection 24

to the major elements of our industrizl 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 z2id the 29
U.S. in maintaining its deterrent to war. In the event 30

#" -2- WSEG Report No. 45
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deterrence fails, the purpose is to 2id in achieving a military
victory and to assist in 1nsuring the national survival.
Against these goals must be measured the contribution of any

offensive or defensive weapons system.

6. While a sizeable portion of the discussion in this
Report is pertinent to many existent or conceived defensive
weapons, it 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 is the only AICEY defense system under devel=
opment, no comparison will be made in this study with any
competitive system. Rather, other means of realiz;ng U.s.
policy are considered to ascertain whether there may exist
competltive or more efficient methods to achieve the same

national goals,

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

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

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

c. Ihcreasing the portion of our military, political
and industrial structure that can survive an attack to the
extent that this surviving industrial base can bé used by
the surviving population to successfully pursue a warlor

to insure their survival as a nation.

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

the potential contribution of NIKE-ZEUS to the achlevement of

et

(/{/W, ;‘;j - WSEG Report No. 45
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such goals by deployments to population centers, retaliatory = 1

-vv_[ |

bases, and other pertinent instal}ations. The time period of 2
interest 1s taken as 1965-1970. | 3

METHOD OF STUDY

8. In considering the problem of defending population or L
population centers, attention is first rocuseﬁ on the vulner- 5
2bility of population to the direct effects of nuclear attack 6
(blast, thermal, and nuclear radiation, including fallout). 7
NIKE-ZEUS is examined as it might contribute to the defense of 8

‘a2 population no better prepared than today's U.S,. population 9
to withstand the effects of 2 nuclear attack. 1In this con- 10
text, fallout shelters are examined to gauge their possible 11
contribution in saving pepulation relative to the active 12
defense of population centers by NIKE-ZEUS. For unprepared 13

population, first priority is given to the task of increasing 14
the numbers of people that can survive a nucleaf attack 15
because the effects of fallout so much overshadow the effects - 16
of blast for aﬁ attack involving many ground burst nuclear 17
weapons that the vulnerability of the population far exceeds 18
the vulnerability of the 1hdustr1al plant it uses. 19

10. In thé case that adequate fallout sheltering exists, 20
the potential contribution of ZEUS to the protectiop both of 21
population and the industrial bPlant is examined. Since enemy 22

reaction to any defensive measures must be anticipated, it is 23

pointed out that confidence in the attainment of ary level 24
of protection by the defense must reside to a large extent 25
in the exchange rate between offense and defense -- a measure 26
of relative costs to maintain the inltial balance if a form 27
of armament race ensues. This exchange rate concept is use- 28
ful to the extent that other than economic limitations are 29

W\xmssmm
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not exceeded. Conditions under which ZEUS provides a ravorable
initial exchange rate ViS-G-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 evaiuation of the enemy threat 4

5

1s emphasized.

11. The potential contribution of ZEUS to the defense of

6
the CONUsS-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
maximum design capability to establish limiting case arguments. 11
To examine whether any measure is competitive witp 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 alternstive of increased MINUTEMAN force levels 15
is considered. Mobility or additiocnal hardening are not 16

examined in detail since relizble 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 preseﬁtly conceived fixed

20

pending on the precise enemy threat. 21
12. Defense of ATLAS and TITAN sites is 21lso considered, 22
but in somewhat less Qetail. 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 1s considered to arise principally :rcm insufficient 27
warning of sea-launched baliistic missile attack and the 28
potential contribution of ZEUS at its maximum design capa- 28

bility is evaluated in this light. Other measures o increase 30

Spmetn -5 - WSEG Report No. 45
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the number of surviving SAC bombers are discussed, including
2ir alert and infrared (IR) warning. Protection of air bases

&5 such or the non-alert SAC bomber force is also examined.

14, Other instzllations importént-to the operation of the
U.S. retaliatory force or, more generally, to the conduet of
2 war are grouped under the term "control centers” for pur-
poses of this discussion. Such installations share charac-
teristics of retaliatory bases as iikely direct targets under
most attacks and of population centers in that they must be
preserved over longer durations of time in contrast, perhaps,

to installations containing alert or guick 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": The Potential Contribution of the

NIKE-ZEUS System in Defense of Population and Population

Centers,

Enclosure "C": .The Potential Contribution of NIKE-

ZEUS in Defense of the Retallatory Systenm,

Enclosure "D": Expected Capabilities of NIKE-ZEUS

Firing Unit Against Possible ICBM and IRRM Threats.

CONCLUSIONS

TECHNICAL CAPABTLITIES 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 tactical threat assumed.
Assuming the design specifications are metlthe following

conclusions result:

'\5%- | - 6 - WSEG Report No. 45
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2. The effectiveness of a NIKE-ZEUS battery is high
against an attack ﬁhich éonsists of single-weapon warheads
and discriminable decoys with at most three warheads |
arriving within about a thirt&-second period.

b. The effectiveness of a NIKE-ZEUS battery is consid-

erably poorer against an attack which consists of single-

weapon warheads anéd non-discriminable decoys because satura-

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

is quickly depleted.

c. The effectiveness of 2 NIKE-ZEUS battery is negligi-

bile ageinst an attaczk which consists of cluster warheads
because saturation is practically assured anq/or the anti-

missile complement is guickly depleted.

17. It is still uncertein whether non-discriminabie decoys,

weighing appreciadbly less than the zctual warhead, are

possible.

18, Cluster warheads appear technically feasible for the
U.S. today, and are under considerztion for advanced U.S.

Ballistic Missile Systems. The capability of the USSR to

develop such warheads by 1965 has not been evaluated by WSEG.

However, developments along these lines do not appear

unreasonable.

CONTRIBUTION PRTOR TO HOSTILITIES

19. NIKE-ZEUS contributes to the strategic posture prier
to initiation of an attack to the extent that:
a. It increases the USSR's tactical and technical
requirements.
b. It denies the USSR complete freedom of choice in
planning and executing his attack.
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DEFENSE OF POPULATION AND INDUSTRY

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

protection.

21. Since fallout dominzates other direct weapon effects,
protection against fallout zlone saves more lives than pro-
tection against the other direct effects alone. For compar-
able expenditurss, fallout shelters are considerably more
effective and reliable than 2 NIZE-ZEUS system for the short
term protection of the population of the U.S. from the direct
effects of a nuzlear attack. The problems of long-term
survival were not studied. Justification of NIKE-ZEUS for
population protection alone, without a decision to implement
a fallout shelter program, must rest principally on political

or psychoclogical grounds.

22, Industry located in urban centers requires active
defense if it is to survive. To the extent that this industry
is required for national survival following attack, it must
be defended. These requirements for national survival have

Tiot been studied.

DEFENSE OF CONUS-BASED RETALIATORY FORCES

Manned Bombers

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

may be desired.

24. Against a sea-launched ballistic missile attack, tac-

tical warning eppears marginal. In comparison to a massive

WSEG Report No. 45

SseEeR - - 8 -

ey Joop)

N TV R

\O 0 N oW

10
11
12

14
15

16

17
18

19

21

23
24

25
26



ICHY attack, it 1s likely that the effectiveness of NIKE-ZEUS

- against a2 sea-launched baliistic}missile attack will be -

higher because warhead arrivel rates are probably below satura-

tion rates and sophisticated decoys, etc. are less likely.
Furthermore, if the enemy increases his submarine forces to
overcome NIKE~ZEUS it would increzse the probabillity of his

early Cetection hy U.S. ASW forces.

Beilistic Missiles

25. BaseC on present schedules and cost: for MINUTEMAN and
NIXE-ZEUZ, increases in “orce levels of MINTIZIAL missiles
provids a surer and cheaper mathod (than NIK3-ZZUS defense of
a smaller number of MIWTTEMAN) to maintain confidence that a
given number of missiles will survive attack. A hobile s&s-

tem or increased hardening mey also attain the objective of

increaszd force survival, without increasing force levels.

26. Similar analyses for ATLAS hardened to i

indicate that NIKE-ZEUS is cheaper than increased force levels

only if the enemy does not successfully employ pené ion

aids.

SUMMARY CONCLUSION

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

inGustrial and military potential.

DISCUSSION

INTRODUCTION

28. The discussion that follows, after a brief description
of the NIKE-ZEUS system 1tself, initially compartmentalizes

% L WSEG Report No. 45
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the potential eontributions of ZEUS defense. Its possible
contribution to defense of population and populztion centers
is first examined, Then the question of its potential value

to defense of the retaliatory force is considered. Only after

this are the possible interactions given attention, whereby
ZEUS may render a simultaneous contribution to both missions
of defense, perhaps a unique quality not shared by the com-
petitors considered in the foregoing analyses, This seems a

valid way to limit the discussions initially since situations

\O(I)'--]O\\ﬂ-l:'wl\}'—'

where ZEUS can provide a real contribution to either purpose 10
must first be found before the question of multi-contribution 11

can capably be approached. 12

BRIEF DESCRIPTION OF THE NIKE-ZEUS SVSTEM

29. The princi§a1 components of the NIKE-ZEUS anti-ballistie 13

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

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

. intended to increase the system's capabilities against ICHRM 21
attack from the north by earlier acquisition of incoming 22
missiles. Enclosure "A" presents 2 detailed description of 23

the NIKE-ZEUS system as pPresently proposed. A nominzal battery 24
conflguration has bé;n chosen for discussion in this study. . 25
It is made up of three TTR's (including one DDR per TTR), ten 26
MTR’s, ané fifty ZEUS missiles. 27

3/ Currently uséd in most costing studies. The conclusions
of thls Report ere not felt to be restricted in any way
by the choice of this nominal battery for discussion.

% \N’ th&o "0 WSEG Report No. 5
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DEFENSE OF POPULATION AND POPULATION CENTERS

30. The concentfations oflpopulation and industrial wofth 1
found in the larger U.S. cities are [itting elements of the 2
national structure to éonsider for defense by such a system 3
as NIKE-ZEUS. The vulnerability of the industrial structure to 4
the blast effects of direct nuclear attack 1s" considerable; 57
however, the Vulnerability of present-day pOpulationu to fall- 6

¢ out from direct or indirect attack with ground burst weapons 7
is far greater. Figure 1 taken from Enclosure "B" indicates 8
the I‘atalities6 that can be expected in U.s. population from 9
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 wnich resem- 14

ble those for an attack with ma jor emphasis on retzliatory 15

bases together with some limited térgeting of control 16

centers and principal cities. ‘ 17

D. Targeting in which weapons are deliveredzto regions 18
in proporticn to the population in the ;egion; which is 1S

roughly typical of an attack concentrated upon the industry 20

and communication and transportation facilities of the U.S. 21
c. Targeting which seeks to maximize’population fatali- 22
ties by distributing the ettacking weapéns optimally for 23

~His purpose. : ) 24

4/ This 1s True of any population without fallout sheltering.

The casualty-producing potential of fallout alone is S0 large
a2s to encompass the casualties produced in an actual attack by
all combined effects. That is, almost all casualties caused
by ground burst nuclear weapons could have been caused by the
fallout alone. :

6/ Ultimate fatalities. The greatest uncertainty in calculations
of casualties from fallout is the assumed shlelding 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 is felt that uncertainty by no more than
a factor of two is probable. Of course, such changeg in
shielding and population behavior assumptions will change the
actual number of casualties calculated.

SEsEy - 11 - WSEG Report No. 45
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FIGURE 1
EFFZCT OF VARIOUS TARCGETING DOCTRINES, ATTACK I=VELS,
AND rALIOUTY SHELTERS IN TOTAL CASUALTIES IN U.SLA.
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EFFECT OF VARIOUS TARGETING DOCTRINES ATTACK LEVELS,
AND FALLOUT SHELTERS ON TOTAL CASUALTIES IN USA.
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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 numbers of

= ow oo

fatzlities do not change significantly for an unprepared popu-
lation even if the Principal cities within the states are
directly targeted for the range of attack levels considered

~N O W

here,

32. To emphasize this point, Figure 2 is presented in which 8
the fatazlities for a campalgn which attacked cities only, with ¢

the objective of meximizing urban fatalities, zare compared 10
with the results previously shown in Figure 1 for random 11
attacks proportional to population density and optimized %o 12
maximize fatalitiés.T Witk respect to total casuaities the 13
pure city attack is less efficient than either che optimal 14

random fallout campaign or the proportional campaign over most 15
of the range considered. This is due primarily to two 16
causes: first, in the absence of fzllout shelters the direct - 17
targeting of cities does not cause many more casualties than 18
does random Qelivery of the same weapons within the same state, 19
and second, the concentration of attack in those states with 20
The most city population has left z much lower level of 21

éttack on large segments of the rural population. 22

33. It is clear that a sizeable attack upon the U.S., with 23
its present civil defense posture, would result in something 24
between a major disaster in the most favorable casge showp 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

B ¥®» 3 B &

what the targeﬁing objective.

[/ The direct city targeting campaign cannot validly be compared
to the uniform case shown in Figure 1, since the geographical
distribution of yield as well as the objective of the attack
are so different.

SEsrey [/VV ,y,abf[ 10, . wséc Report No. U5
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FIGURE 2

COMPARISON OF TOTAL CASUATTIES FROM DIRECT
CITY ATTACK WITH RANDOM JXaf ALLOUT TODET
(UNPR=PLR=D CASE)

_Q% - 14 - WSEG Report No. 45
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COMPARISON OF TOTAL CASUALTIES FROM DIRECT CITY ATTACK
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34, Since an unprepareé‘population‘is 80 vulnerazble to
fallout, whateveé the precise details of an eneny attack mey
be, it seems clear that the defense of such 2 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 vulnerability
(2arising roughly from the disparity between the fallout and
blast effects of ground burst nuclear weapons) is removed.
Stated simply, people themselves are more valuable ané at
present mgre vulnerable than the industrial base they use.
Tne potential of fallout shelters is protection of the
population as such. The potential of NIKE-ZEUS is protec-
tion of both population and the industrizal plant. The dis-
cussion that follows examines and compares the potentizl
contribution of these weapons to the protection of an unpre-

pared populztion.

35. A rather elaborate shelter program has been chosen
for study. Rough costs of $300 per person sheltered§/w1th
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, haslnot been atfempted. 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 illustrate the appreclable

S/ The shelter program is described 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".
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savings in lives that can be attzined by the program con-

sidered. In particular, the effect of the fallout shelters

is equivalent in 21l cases to a reduction of the total fission

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

36. Figure 3 1llustrates the possible effectiveness of
active defense or fallout sheiters in saving population of a
U.S. city of typlecal 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 z 2000-MT ground burst fis-
sion yield 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 original expected fatzlities. Thus over 70 per

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

buted to the background faliout from weapons burst more than

75 miles from the city,.

37. The effect of fallout shelters in protecting city
populatibn for this attack is shown in Figure 3 to be far
.more significant than the active defense 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 alssc. 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.

10/ Nominal coverage of a ZEUS battery. See Enclosure "A"
" for discussion of coverage.
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FIGURE 3

RELATIVE EFFECTIVENESS OF ACTIVE AND PASSIVE
DEFENSE McASURES FOR PROTECTZ0N OF L SINGLE CITY IN AN
ATTACK DIRECTED PREDOMINATEZLY AT MILITERY TARGETS
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39. The situation depicted above changes somewhat for the
case of a significant amount of direct city fargeting to
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 dzta.

40. Enclosure "B" discusses the case of a direct attack of
a typlcal size U.S. city by an ICRM containing a cluster war-
head. Excluding background radietion from attacks on any
other targets,_fallout shelters are more efficient mezns than
NIKE-ZEUS defense to save the population of the targeted city
from the direct effects of the attack for all 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 cities.

41. 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 yields 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 populatioh of the U.S. from the direct

effects of 2 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 must be remem-

bered that the relative superlority of fallout shelters to
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ZEUS will decreazse 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. Tnis is true only to the 3
extent that an expected saving in industry is judzed worth 4
the attendant.loss of lives throvgh neglect of adequate fall- 5
out protection. However, it is felt that these guantitiles 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 confiderce that can be put in active 10
defense measures is discussed below. This 1s the exchange 11
rate -- a measure of the relative costs to offense and 12
defense when both increase theirp forces to meintain an ini- 13
N tial balance. A favorable exchange rate is necessary in 14
order that some measure of confldence can be put on the 15

expected protection provided by & 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 attacl. 20

44, In the case that the population 1s 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 inquire as to the possible 24
effectiveness of the defense that can be provided by the 25
NIKE-ZEUS system. _ 26

45. Enclosure "B" Gescribes a model descriptive of a defense 27
system that cen be szturated. As indicated in Enclosure "p", 28

a reasonable traffic capability, for simultaneously arriving 29

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

é% \ J}B)w - 19 - i:srse Report No. 45
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battery, 1s four objecésQ The NIKE-ZEUS system in general

) _ - LmcisBO0lniil -

1s saturable if the ehemy is willing Yo pay the price in

missiles required for his desired assurance of penetrating.

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 of 2 penetration for various
assumptlions of degree of slmultaneity, for cluster warheads
and for ICEM's with non-discriminable decoys, are given

therein.

47. The choice of this high confidence level sets a reason-
able price in missiles that must be fixed by the enemy to
achieve saturation of a Z=US battery. Prices obtained for
various assumed éttack-defense situations are given in

Teble I, which is taken from Enclosure "B",

TABLE T
INITIAL EXCHANGE RATES RBETWEEN ZEUS AND ICEM'S

w

-~ G U -

10

11
12
13
14
15

ICEM's per ZEUS Dollar®
Battery for 90% Eguivalent of
Reliabiliity of ICEM for Exchange
Case Penetration Rate Favoring ZEUS
Simultaneous Arrival
ICEM Capability and
10-Element Cluster wngd 0.4 240 million
Simultaneous Arrival,
No Cluster 4 24 militon

1 Minute Standard Devia-
tion Arrival, 2 Undis-
criminated Heavy Decoys L 24 million

1l 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 Table it is believed that
the USSR could produce an ICBM for less drain upon its economy
and resources than the dollar equivalent shown in the table
would produce on our gconomy and resources when spent on ZTUS
production, then the initial exchange rate is unfavorable to

ZEUS.

4G, The exchange rates listed in the Teble presume 2n
enemy with full knowledge of the capabilities of a ZEUS -
battery. Uncertzinties can tend to make some of the exchange
rates more favorable to the defense, since the enemy could
conceivabdbly increzse his requlrements to cover any uncertzin-
ties in ZEUS 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 probably have more certain knowledge of

such gross characteristics.

50. The saturation model previously mentioned has been
employed with the prices in eénemy nissiles to achieve pene-
tration from Table I to vield optimal attzck-defense configy-
rations for ZEUS defense of U.S. clties wherein the aftacker
allocates his ballistic missile force to meximize the popula-
tion fatalities (or the damage to 1ndustry)ll in those cities
agéinst & defense deployed to minimize these casualties, The
enemy's obJective against a clty is assumed zchieved 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 attack levels presupposed for

11/ The value added by war manufacture in a clity 1s 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 quite good. 1
Figure 4 illustrétes‘the béhavior typical of 211 these dasesli/ 2
for the threat of ICRI's with ten-element ciuster warheads 3
arriving simultaneously. 4

51. At most levels of atfack, the defense can inecrease with 5
at first no appreclable lowering of the payoff to the enemy 6
until the vicinity of the exchange rate limit is reached (0.4 7
ICE's to 1 ZEUS battery in this case). Then increases in 8
defense can lower the payoff appreciably. But, correspondingly, 9

increases in the attack level can ralse the payorf appreciably, 10

too. 1If the enemy can be expected to increase his force 11
levels to counteract increzses in defense -- that is, if a 12
form of arms race ensues -- it is valuable to examine these i3

1L/
initial exchange rates  to determine what confidence the U.s. 14

can put in the protection 2ffo-ded bty this defensive system. 15
The equivalent costs that must be exacted from the enemy to 16
render the exchange rate Tavoreble to the defense are shown = 17
in Table I, as previously described. 18

22. It 1s clear from an examination of thig Table that 19
certain enemy tactics, which appear possibly feasible,1 20

12/ Two penetralions are expected from an attack requiring 16
misslles for 90 per cent confidence of a single penetration,
for example; 50 per cent confidence of penetration is
attained at the 11th missile fired.

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

14/ Eventuzlly exchange rates become less and less favorable to
the defense. Increases in defense beyond the initial level
dictated by the initizl exchange rate are always less and
less efficlent because cities are then defended but not
attacked since the énemy, moving last, can reallocate hisg
forces to his advantage. However, this region of decreased
efficlency occurs at high Gefense levels relative to the at-
tacking force level which may, perhaps, be an unrealistic
situation. 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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FIGURE 4

e,

CONTOURS OF TOTAL POPULATION OF CITTES WHOSE
DEFENSE 1S PENETRAVZD #70. OPLIMAL OFFENGE
AND DFEIIST Drrllvimines
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CONTOURS OF TOTAL POPULATION OF CITIES WHOSE DEFENSE IS PENETRATED
FOR OPTIMAL OFFENSE AND DEFENSE DEPLOYMENTS
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render the exchange rate particularly unfavorable to the
defense (as, for instance, the extreme ciuster warhead simul-
taneous arrival case shown, wherein the impact on Soviet
economy would have to exceed the effect an expenditure of
$240 miliion would have on U.S. econony for each missile they
pProduced in order that the defense be favored in an armament

race).

53. For these reasons it appears that ZEUS, to the extent
that this exchange rate argument holds true,16 has prinecipal
value when the énemy acts less than optimally (in the sense
of employing decoys, or attempting to achieve simultaneous
arrival; or building cluster warheads). If the enemy mis-
calculates for whatever rezson, then ZEUS can make a peal

contribution to defense of population and population centers.

54. The evaluation of ZEUS in defense of a prepared popula-
tion ang of population centers thus reduces essentizlly to
an evaluation of the enenmy tﬁreat. Unless a2 favorabile
exchange rate can be postulated or some limit other than
econoﬁic be put upon enemy capability,.then no confidence
can be placed in the potential protection efforded by NIKE-

(ZEUS defense.

55. Some caution should be exefcised in applying exchange
rate arguments to cities or other largely non-military
targets. Such targets may be of much greater importance to
the defender then the attacker both because of their popula-
tion and their industrial installations, and therefore may

16/ The 1imits orf validity of the exchange rate argument must
be realized. 1Ir increases in enemy force levels are

impractical beyond certain limits set by other than purely
economic factors such as limitegd avallabllity of launching
facilities, inability to coordinate a larger force, or any

such reason, then, of course, the defense can realize an
advantage if 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 ang plans a pre-
emptive strike intendegd 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 & heavy eapenditure of missiles
2s would be required to penetrate the defenses. Moreover,
such a defense could also be useful as a protection against
blackmail by lesser bowers. Citiles, therefore, mey be the
most likely candidates for NIKE-ZEUS defense. However, it

has been demonstrated that fallout shelters Provide a higher
confidence of short-term protection for the population of
citles at lower cost than NIKE- -ZEUS. Therefore, 2 decision

to deploy NIKE-ZEUS for the defense of cities should logically

be accompanied by a decision to construct fallout shelters,

DEFENSE OF THE RETALIATORY SYSTEM

56. In this section examination is made of the potentizl
contribution of NIKE-ZEUS to cer: cain elements of the retaliz-
tory system for 1965-70: hardened missile sites of the
MINUTEMAN type, ATLAS and TITAN sites, and SAC manned bomber
bases. Attention is algso given to defense of other pertinent
installations which are grouped here under the term "control
centers." Inasmuch as certain cifies might be regarded ag
control centers in themselves, thét portlon of the discussion

below will be pertinent to them, also.

57+ Throughout the following discussion, the NIKE-ZEUS
battery is postulated to perform at the meximm capability
provided by its design specifications. The enemy attack is
assumed to be a quite peoor strategy -- namely, to fire its

missiles so slowly that the ZEUS battery can engage each
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separately and use its stocipile of fifty missiles in the
optimum manner to maximize the number of missiles the enemy
must shoot to achieve a 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 2gainst any NIKE-ZEUS firing doc-

trine. This then is the acgsigned 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
missiles (0.80 x 50), but such 2 defense strategy-of one
ZEUS missile per incoming ICEM 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 capablliity only permits

simultaneous handling of four objects. With a reasonable
spread in arrival times, a price of only sixteen missiles
was exacted for 90 per cent confidence by the enemy when he
aftempts to saturate the traffic-handling capability of a
ZEUS battery. However, the hiéher price of twenty-eight
will be used in the following discussion as represepting

& maximum ZEUS capability.

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

on a cost-effectiveness basis, the alternative of increased

- 26 - WSEG Report No. 45
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NMINUTEMAN force levels was examined. Enclosure "C" estimates

that about twenty MINUTEMAN sitgs could be estazblished at the
cost of 2 single ZEUS battery.lf It must therefore be judged
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 required by an attacker to achieve

his desired confidence of destroying the 354 MINUTEMAN

site, then the zlternative of increased force levels becomes
more favorable. In particuler, if the enemy is assumeé to
desire 90 per cent confidence of destroying a MINUTEMAN site
with a missile of 8-MT yield and 1-n.mi. CEP, then he would
require three per MINUTEMAN site and the ratio becomes 28:60.
The disparity becomes much grezter if the enemy threzf is not
80 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 emploving cluster wérheads. In general,
then, increased force levels and ZEUS defense are not at

all competlitive measures to increase tﬁe nunber of MINUTEMAN
sites that survive an enemy attack. Increased force levels

are far more efficient.

€0. The alternative of mobile MINUTEMAN is discussed
briefly in Enclosure "C"., If the enemy capability increases
until the survivability of fixed BT ﬁf& MINUTEMAN is 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 system
coste.
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Enclosure "C" as ten mobile MINUTEMAN to one ZEUS battery.
The efficlency of such a meaépre to increase the surviving
numbers of MINUTEMAN has not geen further examined, but in
the absence of an efficient and rapid enemy intelligence

syStem, it appears that such z measure would impose much

Cv \n = W

higher requirements in enemy force levels than a ZEUS Aefense.

61. The alternative of increased hardening of fixed MINUTE-
MAN sites has not been examined, since cost data are lacidng.
This measure, like those above, may also be an efficient 9
means to increase the surviving numbers of MINUTEMAN sites. 10

No basis for Judgment exists &t present. 1l

62. Hardened ATLAS or TITAN sites are considered in Enclo- 12

sure "C" in the same manner as MINUTEMAN sites were con- 13
sidered. Parity in the enemy force levels imposed by in- 14
qreased force levels and ZEUS defense is noted there at an 15
enemy missile capability of L MI' and approximately 1 n.mi. 16

CEP, wherein two ZEUS batteries are con51dered the equivalent 17

in cost of an ATLAS or TITAN squadron of nine missiles at 18
dispersed i i aites. Inasmuch as many of the presently 19
programmed ATLAS and TITAN siftes are within the area of a 20
SAC manned bomber base that a ZEUS could defend (within 75 21
miles), thelr defense might be thought of as a2 bonus if 22

ZEUS batteries are deployed to manned bomber bases. However, 23
if the enemy pays the price for penetration to one target 24
he can get the other for no additionzl penetration price. 25

If the ZEUS be considered to perform at less than its maxi- 26

mum capability, or the enemy threat be judged less than 27
that indicated above, then ZEUS defense is not competitive 28‘
even with increased force levels for ATLAS or TITAN. For 20
this case in general, though, the situation 1s far less 30

clear cut than with MINUTEMAN. 31

% - 28 -  WSEG Report No. 45
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63. It 1s @ifficult to assess the vulnerability of the SAC

manned bomber force through 1965-70. If a successfully
operational EMEWS be granted, the principal threat, at least
to the alert portion of the force, arises from sea-launched
ballictic missiles (SLEBM's). Enclosure "C" considers this
case in some detail. It appears that, even with infrared
warning of 5-10 minutes, ZEUS defense could contribute to
saving & portion of the alert force, especially at those
bases closer to the sea which could expect much less warning
of attack from an infrared system than those further inlangd.
ZZUS deployments to SAC manned bomber bases z2lso could
contribute to survival of the bzses themselves and perhaps
thereby a portion of the non-alert bomber force. If defense
of only the alert bomber force (considered here aé one
third of the total force) is required, then air alert for

2 limited number of years appears competitive with ZEUS
defenselg/and is, of course, a much surer means of preserving

the alert force it{self.

64. The preceding'arguments, based on the exchange rate
between offense and defense, are applicable in some part to
the situations described in this section. It should be
emphaslzed that enemy reacfion to any defensive measure
must be anticipated and that little confidence can be placed
from a long-range point of view in a defensive system handi-
capped by an unfavorable exchange rate. However, it appears
that practical limits may exist, especially, perﬁaps, where

increases 1n submarine force levels be considered. In this

18/ Air alert for one third of s 16-wing B-52 force
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Tigured on a2 per base share amounts to $67 million per year
from the figures given in Enclosure "C". This 1s to be com-

pared with the $96 million cost cited for a ZEUS battery.

If the equivalent of two ZEUS batteries were required per
base {perhaps to cope with a cluster warhead threat), then

an equal expendifure could provide almost three years of
air alert.

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

could be considered less serious.

65. Control centers share characteristics of both popula-
tion centers and retalizatory bases. ILike retaliatory bases,
they are likely direct targets under any ressonable attack
strategy, and like Fepulation centers their importance does
not decrease with the passage of time, in possible contrast
to instzlliations contalning alert or quick reacting forces.
Control centers for thess: reasons are perhaps among the mbre
attractive candidstes for ZEUS defense, zgain 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. Alternative means of protect-

ing control centers have not been exsmined.

POSSIBLE MULTIPLE CONTRIBUTIONS OF ZEUS DEFENSE

66. It is reasonable to examine here whether ZEUS defense
of portions of the retallatory forece, by reducing the fell-
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, it is not evident whether
such deployment of a ZEUS system would have actuzl payoff in
reducing population casualties. In particular, if the enemy
can be expected to maintain his confidence of destroying &

glven fraction of the defended retaliatory force by increasing

his force levels, then the over-all casualty levels in the
eveht of an attack would be higher, since the ZEUS systenm
would obtain its constant level of attrition, but against

a2 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 retaliatory force, since a number of SAC
bases are located within 75 miles of mzjor population centers.
As pointed out earlier, however, no bonus accrues if the
enemy chooses to pay the price of penetration in order to
‘zttack either target, since the other farget is then avail-

able for no additionzl penetration price.

68. Other possible interactions have been poinfed out in
earliier 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
zrea of a SAC manned bomber base, however, cannot be con-
sidered defended beyond the price of penetration for either

target.

OTHER CAPABILITIES OF THE ZEUS SYSTEM

69. Capability against air-supported weapons 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 develo?-
ment without the deployment of the sizeable force levels
concelved for defense against ballistic missiles.

70. The potential of the ZEUS acquisition radars to 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 that purpose, the LAR
rzdars of the ZEUS system might be utilized to provide a
mezsure of warning against attack by sea-launched ballistic

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

19/ 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 1965-70, then amny
wvarning provided by the ZEUS system itself to bases further
inland could be valuable, 1f the necessary communication net-
work be established. If an infrared warning system does
exlist, then the value of ZEUS for warning would lie more in
a redundant backup capability to increase insurance of

obtaining warning of attack by sea.
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NIK=-ZEUS SYSTEM CHARACTERISTICS

PROSLEM

1=
.

To develop a statement from Army and other sources of the
characteristics of the NIKE-ZEUS system. These characteristics
should include those design specificetions or ezpected perlorm-
ance values which are pertinent to an evaluation of the_potential

uses of the system.

DISCUSSION

GENERAL DESCRIPTION

2. Mzjor Comvonents and Functlons. The NIKE-ZEUS system is

comprised of misslie baitteries, escquisition ané tracking redars
for defense against high performmance, high altitude targefts. It
employs rader tracking data in command guidance throughout the
engagement .to direct 2 high performance guided m*551le designed
to intercept ballistic targets with sufficient accuracy to desiroy
their werheads by nuclear bursts. Acguisition data 1s provided by
a local acguisifion radar ssrving one.to ten or more NIKE-ZEUS
batteries, each of which may be tens of miles apert. Associated

. with each local acquisitidn rader (LAR), and its track-while-scan
radzr data processor, is a local defense center (IDC). The indi-
vidual battery includes missiles and launchers, target tracking
raders (TTR), missile tracking radars (MIR) and digital guidance
computers. & decoy discriminztion radar (DDR) is directly
associated with and slaved to each target tracking radar. The
foregoing system has an autonomous capability against a2ll ICBM
and IRBM targets. To attain the full range zgainst the smallest
ICBM targets, forward acquisition radars (FAR) are provided and

located 300 to 700 miles in advance of the loczl defended zarea.
Each FAR site hes communication links to three or more LDC's.
Ezch NIKE-ZEUS missile is provided with a nuclear warhead and

el [ SSFED

hclosure "A"

RET
e rresrums - 35 - WSEG Report No. 45

) cmcc!mvnﬂThMiPr—FNFRGYbﬂgTa@ewa hiiees



FATS . e LN T T s B

_ g UK:MUUUEILU
AS" DE?INED BY ATOMIG{NE&GYPEU

multi-stage propﬁlsian and:utilizes a combination of zerodynamic
and reaction control based upon command guidance for intercept
within or outside of the atmosphere. The entire NIKE-ZEUS system
benefits from early warning received from BMEWS and other warning
systems, and in turn is capable of supplying data to NORAD, SAC

or other zgencies.

3. Typiczl Anti-TICBM Engagement. The ICBi's are acquired by

the forward acquisition radar at a range from 500 to 1,000 n.mi.
from that radzr, as portrzyed in Figure 1. Considering the forward
deployment of the radars, it is anticipeted that initizl detections
will occur from 500 to 1,100 miles or more from the area defended,
the exact ranges being dependent upon radar cross-section of the
targets. Such early detection will provide 200 to 300 seconds of
dacz on each ICBM prior to ZEUS missile launch ageinst each. The
forward acquisition radar detects the signals in noise and passes
the signals to the zcguisition radar cdata processor. The latter
cevice correlaves the signals, initiates tracks on the targets,
stores and updates track-while-scan caztz and predicts the intercept
points for up to 200 separate tracks. Those local defense centers
czpable of engagement are provided ICEM target and intercept
position data and battery zssignments may be made. The local
defense center then acquires these targets with 1its local acqui-
sition radar and the assoc¢izted radar data processor. The LAR

and ifs date processeor, in turn, provide traclk-while-scan data on
each target (up to about 200) to the displays at the IDC. Datz 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 acquisition radar target
data. Up to this fime, the computers may lump groups of tracks

closely spaced together into 2z "eloud" (suech as =z target and
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decoy complex). Data on the track in such a case includes the

exctent of the "cloud". The NIXE-ZEUS missile is trackes continu-

ously from launch until burst and commanded by the missile tracliing

radar, while the target tracking radar zcquires the target or
target and decoy "cloud" for purposes of decoy ciscriminztion by
the decoy discrimination computer znd for generztion c¢f precise
terget data for the target intercept computer. The decoy dis-
crimination radar slaved to the target tracking radaﬁ anc having
2 beam width variable with range assists in the decoy discrimi-
netion function performed by the decoy discrimination computer.
At the proper time the nuclear wezrhead of the ZEUS missile 1s
detonatedé by computer command to intercept the target selected

from the decoy and target complex.

4. NIKE-ZEZUS Battery Composition. To meet the requirements of

lzrge traffic capacity, the target tracking radars, missile
tracking radars and decoy discrimination radars are numerous.
Although the eguipment i1s designed so that a battery may be
compbsed of twice the stated number of any of the key components,
the current NIKE-ZEUS battery coniiguration would include nine
missile tracking radars, and a tenth serving as z spare, three
target tracking radars and three associated decoy discrimination
radars in each battery. Thus ﬁp to three groups of targets ezt
the same elevation and azimuth could be f{racked simultaneously by
each battery. The missile tracker unit time shares the outp&t of
the three target intercept computers at each battery. Character-

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

using combined zerodynamic and reaction control 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 ané then
separates at about 5.4 seconds after lzunch. A sustainer solid-
propelilant rocket stage then fires, znd by providing zbout 36 g's
of axial accelerétion, increases missile velocity to 11,L00 ft/Sec
a2t burnout within about 19 seconds after launch. Aerodynamie
guidance is provided during sustainer accion by the single guidance
unit associzted with the jet head. Upon separation of the sus-
tainer or at any time it is required thereafter, the jet head 1s
further maneuvered by the same autopilot and guidance unit to
eliminate end game errors. A solid-propellant reaction motor
providing 100 g seconds of impulse exhausts for 8 seconds through
four swiveling nozzles embedded in the aerodynamic contrel surfaces
to provide exoztmospheric econtrol. A 20 g maneuver capability is
maintained above 100,000 ft. zltitude out to nearly 25 n.ml. and
above 90,000 ft. altitude to beyond 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-
rmaclear warhead for the tactical NIKE-ZEUS will be the XW-50

X-ray effects are considered =z bonus,-

- 1/ Tnis missile is described in "Proposed Canard Control NIKE-ZEUS
Missile," Report SM-35775 Douglas Aircraft Co., Inc., dated
June 1959. Initial R&D 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 give increased
range, shorter ftimes of flight, greater simplicity, reliabilifly
and growth potential and is currently scheduled for flight
testing in 1960. From a system point of view thils increased
performance is equivalent to doubling the power of the acquisi-

tion radar. JQZL)
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which may considerably extend the lethzl radius. Some design

cheracteristics of the Wingless NIKE-ZEUS missile are listed in

Table II.
TABLE II
NIKZ-ZEUS MISSILE CHARACTERISTICS
Booster Sustainer Jethead  Over-all
Length 16t 11.5"
Diameter Lz, 1" 36"
Propellant Type Polysul- Polysul- Polysui-
Tide fide fide |
Burning Time (sec) L.§ 12 -8
Max. Velocity, Burnout, 11,400 11,400
(feet per second)
Gross Weight, Teakeof?f 11,761 20,000
(1r)
Gross Weight, Burnout (1t) | 3,700
| 2/
6. Decoy Diserimination. The NIKE-ZEUS system is designed

to perform decoy diserimination at each battery. Information
‘from the fzrget tracking radar znd an associated decoy discrimi-
nation radar constitute inputs to a decoy diserimination computer
at the battery. The computer programs through each possibility
for discrimination, performing most tests simultaneously. Out-
slde of the atmosphere; discriminztion eould result from exzmi-
nation of signal amplitude, fluctuations in echo amplitﬁde from
the same farget from pulse to pulse (any amplitude fluetuations
due to scintillation or tumbling rate), or variations in echo

as a funection of transmitted frequency. Within the atmosphere

2/ ror & ailscussion of decoy aiscriminztion problems see
Enclosure "D".
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the degree of ionization, the spectrum znalysis of re-entry
rediztion {including the infrared reglon), znd azerodynzaic

slowdown zre amonz the possible discriminztion tests. The phenom-

ena which will be utllized and the mechanization of the discrimi-
nation have not yet been specified pending further tests. How-
ever, the eguipment to provide necessary inputs has been specified.
Prior to discrimination, each target tracking radar will track the
center of a "eloud" of undiscriminated targets, whether decoys or
re-entry bodies. Coverage of the velume through which suen a
cloud passes would require a Cizmeter of 25 n.mi. and extend -.:
from 50 to 250 n.mi. In range, exceeding the field ¢f view of the
target-tracking radar. The problem is solved in two steps.
Additional wide-angle coverzge is obtained from the decoy-
discrimination radar slaved to the TIR tracking mount The DDR
has its own transmitctter and receiver circuits and provides range
and angle error signals to position the TTR. &Each signal Irom
the DDR is resolved in range within 40 yards (resclution to ten
yards could be provided if desirsble) and carried in a separate
digital range gate. Second, the DDR beam width is veried from
five degrees at 300 n.mi. to 20 degrees at 75-n.mi. range to
maintain coverage of the 25-n.mi. diazmeter target array. Because
of this broad beam, the decoy diserimination radar employs higher
peak power, z longer pulse znd lower frequencies than the target
tracking radar to zttain comparable range cepabllitles. The
initizl decoy discrimination computer utilizes approximately 100
tracking gates and can perform up to. 100 sepsrate discrimination
tests simultaneously. Thls equipment is modular, and additional
data processing eguipment could be added to lnereese to any

required capacity.

7. A possible seguence of decoy discrimination by the NIKE-
ZEUS system is as follows: the TTR-DDR radars are locked onto a
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target and decoy cloud based upon data received from the FAR znd
LAR. Individual tracking range units are distributed among those

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

gimosphere discrimination techniques are applied to the radar
responses. Unless complete discrimination has occurres, the TTR
is now locked on a particle near the center of mass of this cloud.
As re-entry occurs, the veloeity histories of the particles are
ascertained and compared. Those particles having very low bal-
listic coefficients are discriminated as 1lizht decoys, and from
the ballistic coefficients and other characteristics of the re-
maining particles, the numter of potentizl ftargets is consider-
ably reduced. At this point, the TTR is slewed to the clesest
or earliest of these remaining targets, other TIR's are slewed to
the other targets and missiles which have been previocusly launched
are redirected, or zdditionzl missiles zre lzunched to the indi-
vidual remaining targets. Launch time Iis sutomatically 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 ezch target
will be determined as a function of the operationzl relizbility,

" the number of missiles remaining in the stockpile, and the number
of targets remaining after discrimination. Considerztion is
being given to the use of a precursbr burst a2t altitudes vp to

3
the maximum range of the missile a2s an 2id to diseriminstion.

h

One version of the presently planmned warhead could produce bz

"lpef cent of the energy relezsed as X rays if
i
~ desired for such purposes. Meteorites are removed as a2 discrimi-

vield and up to i

nation problem in the R&D model by gating out all new targets in

the 50 to 75-n.mi. altitude zone.

3/ 400 n.mi. is <ne maximum apogee of the Vingless NIXE-ZEUS

missile.
I I F I B o
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©. Cormunications ané Control. An extensive cormunications

system is a vital portion of the NIKE-ZEU3 system. The network

requires long-wire lines, redundancy in switching and routing,

hizh relizbility, and great flexibility. Trunk lines te forward
ecquisition radars will be several hundreé miles in lenzth. Other
elements of the system are interconnected by shorter lines. The
ta sent from an acquisition racdar includes position and velocity
coordinates, gquality of data, time, and whether the data pertzins
To 2 single target or z “cloud."” The message will require ap POroOXi-
mately 200 bits and the contractor estimztes the totzl time re-
quired to send the 200-bit message (including coding, decoding,
switching, transmission delay, and fault-checking) will, in 99
per cent of the czses, be lower than 0.L& seconds.% Tne datsa
system design is based on 2 bit transmission rate of 750 bits per
second. In theory z message can go to any portion of the system
from any other portion in the manner of direct- diasling long -
distance telephone commmnications. In practice, most of the
messages will follow a more consistent routing. For example,
the FAR nust decide that 2 target exists, is hostile, 2nd will be
of interest to one or more azddressees. The Ballistic Target
Assigner =t the ILDC must operate on such messages from the FAR
(or LAR) to assign targets to those batteries having the highest
engagement capability for that target and which are not previously
fully commitfed. The data from 2 LAR is the primery source for
BTA operations. Target assignments ere based primarily on pre-
dicted impact points and predicted times of intercept, with
priority to those targets constituting the greatest threat from
both considerations. Since track data is passed through 211 IDC's

5/ NIKE-ZEUS "Engineering 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 a2t more than one
ETA. Eowever, when an zassignment to a battery is made, & claiming

message is sent to other IDC's. Communications of target messzages

to the battery from the LDC (3T4) include tags of impact priority
enc the time parameter. Following each engagement, tne bzttery
reports results to the BTA which holds this information as part
of its Hostile Tergets Swmmary. Salvo sizes are determined at
that time on the basis of the totzl remaining missile inventory
for 211 bztteries controlled by that IDC. Assignment of 2
hostile tarcet to 2 battery, includiﬁg cocrdination with other
IDC's, is expected to be completed in less than one second. The
IDC maintzins displzys for monitoring 211 tarzet battery zssizn-
ments, and monitoring personnel may view the progress of engage-
ments from the standpoint of any defended point by pushing an
gppropriate putton requesting a survey from that point. Weapon
assignment is normally an aﬁtomatic funetion, but a2 manuzl over-
ride is also provided. The indivicual firing batteries zlso
have equipment and displays, termed the RBettery Control znd

Monitoring Group, for monitoring individual engagements.

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

111 elements of the battery zre being designed to withstand 5 psi

overpressures. In the case of the TTR, this involves & radome of

polyester glass pressurized at 5 psi. At the local defense

2/ tilective range of a NIRR-Z=5US battery at present is limilted to
about 75 n.mi. by system accuraecy. The current BTL estimate of
over-all accuracy, a2s briefed to WSEG at AOMC on 22 July 1959

is a 5 2§ = z = 150 ft. This means that 99 per cent of
the re 1ablée missiles will miss by less than 550 feet at
TS5-n.mi. range. The new missile has adequate maneuverabllity

and about 60 sec. time of flight to this range. The 550 ft.
is a _a very conservative estimate of the lethal radius of the

TEEITES: warhead against a shielded hostile warhead, so this
f“ r |
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level, the LDC building is being designed to withstané 10 psi.
The LAR anc FAR receiver hemispheres are the scftest elements of

the system (assuming adequate communications hardening). These

ere estimated by the contractor to withstznd 2.4 psi from over-
head burst and 3.3 psi from low angle of incidence. Tae 2.4 psi

overpressure would result from the i

i NIKE-ZEUS werhead burst
at 17,600-foot altitude or from a 10-MT hostile warhead burst =zt
60, 300-foot altitude a2t the zenith of the radome. For these
reasons and for considerations of safety to the populatien,
NI¥E-ZEUS planning considers 20,000 feet their minimunm szfe
altitude for engagement. Moreoﬁer, the LAR/IDC is to be sited
within the perimeter of the NIKE-ZEUS defenses with provision for
input of remote LAR deta to the IDC es required. All sensory
elements of the NIKE-ZEUS system zre protected by the system
tselfl except for the FAR. Additional hardening of the FAR and
LAR antennas to 5 psi is under consideration. The contractor
considers this hardness attainable by inergesing the density of
the loaded-foam blocks constituting the antenna without changing
their dlelectric constant. Fire unite (batteries) comprising
any given locel defense will be separated to reduce the likelihood

of their simultaneous destruction.

RELATION OF NIKe-ZEUS TQ ICEM DEFENSE

10. Currently Aveilzble Svs tems. By decislon of the Secretary
| S/
of Defense, the Army was assigned responsibility for "research

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

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

Memoranaun for the Secretary of the Army and the Secretary
of the Air Force, "Anti-ICBM Program,” Office of Seeretary of
Defense, 25 April 1957.
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cevelopment To date. The szme decision directed thzt the Air

Force develop the "advenced acquisition radars required for the

active defense system” and development of the "early warning

system." Thus the Air Force has developed¢ and is currently
installing the BMEWS system for early warning. No other ective
enti-ICBM or anti-IRBM defense system is currently availzstle

or In Gevelopment.

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 retaliatory forces, is zt present the only forwsrd
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 have been proposed. The
NIX=-ZEUS, which 1s essentizlly & terminzl system, would be
compatible with other systems which operate earlier in the bal-
listic missile trajectory. 'Based upon current thinking in air
defense, it would appear desirable to have defense in depth
against ballistic missiles (i.e., extending the duration of the
battle 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 engzgement systems. The
U.S. Alr Force has study contraéts for consideration of such

7/
anti-ICBM systems.

12. Growth Potentizl. Experience with earlier NIZE systems

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

{/ Por example, Conveir "Systems Study in Defense Ageainst Ballistic
Missiles," Tech. Report AQO-37-59, 1 December 1953-31 May 1959.
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employ =z 20-megawatt, 20-microsecond pulse transmitter glving
+5 db signal-to-noise ratio against & O.l-sguare meter target at

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

50 mieroseconds glving the same performance azgainst a target
having a cross section of only C.0l-square meter. The introductibn
of MASERS is zlready contemplzted in the receiver systems of the
target tracking radars for greatly improved performance. Peak
power of the acquisition radars is erpected to increase from 5
megawatts to 20 megawatis, and higher acguisition redzr fre-
guencies may be sought to elimincte blackéut effects and bean
bending due to nuclear dbursts. The wingless conf figuration of

the NIKE-ZEUS missile alreazdy represents a growth- from the original
winged design, but it has 2 specific impulse (Isp) of just ovepr
220 seconds. There is no rezson to believe that zn even higher
performance missile with higher specific impulse fuels could not
ulse ately be developed if required, as the state of the missile
art and needs of the system progress. The greatest immediate
requirement for growth is probably in the field of decoy dis-
criminztion. All of our studies have shown that traffic handling
capacity, set largely by the number of TTR's in each battery, is

a2 eritical problem. Suecessful development of an appropriate
electroniczlly phased array antenna to replace the TTR's plus

an increase o computer capacity could gulte aﬁpreciably

enhence the treflfic capacity.

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

designed primarily to counter IC3M and IRBM targets. The Wingless
NIKE-ZEUS mlssile has maximm ordinates up to 400 n.mi. znd the

guidence system 1s readily adaptzble to use as zn anti-satellite

system. For such an zpplication, 1t probably would be desirable
to a2dd an additional propulsion stage. In the opinion of the
a single-phase to z two-phase

NINIRL
Nipial
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Jet head control engine would be the only mejor change to the

basic missile required to attazin a substantizl anti-sztellite
capability. ©No substantial research and development effort is

currently going into the anti-zirborne aspects of NIKE-ZZUS, as

a result of an Army decislon to concentrzte available R&D funds
on the anti-missile missile system. However, such an &nti-gir-
craft applicztion could be developed, The NIKE-ZZUS csystem,
preferzbly with acgquisitlion capabilities extended to cover
lower altitudes of approach, could answer much of thé threat
from boost-glide, 2ir-launched ballistic missiles and other air-
to surface missiles. DBecause of the capabllity of the computers
to back-track the trajectory, the system may zlso prove to be of
some value in antil-submarine warfare by quickly locating those
submarines which have launched ballistic missiles., Its useful-
ness will depené upon the zccuracy of location, which has not
been analyvzed in this paper. BPBecause no other active anti-ICaM
system has reached its state of development, the NIXE-ZEUS efiort
has been directed primarily towerd meeting the bzllistic mlssile

threzt.

. OPERATIONAL CONSIDERATIONS

14, pAlert Requirements and System Maintenance., Tne NIKE-ZEUS

system is belng designed for continuous operation., Those elements
{such as the missiles) which afe not so operated are availabdble
with less than 30 seconds warning., Most elements of the system,
such a2s acquisition radars and computers, displays and communica-
tions in particular are in the continuous coperation category.
Three shielded caps which rotate with the acquisition radar
receiving antenna are to permit maintenance to be performed while

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

T/ Acquisitlon data accurate to within one beam width (12 mils)
is required for designation to, and acquisition by, the NIKE-
ZEUS TTR. In the hemisphergcal LAR designs the uncertainty
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 inﬂthe ballistic missile cases,
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glarms and maintenance consoles are to be provideé for 211 oper-
ating equipments. Self-checking programs and fault-locezting

indicators characterize the entire system, which should operate

more like a commercial television station znd telephone network
than like the more familiar militery radars ané military racdlos.
Tne TTR/DDR and MTR zre 2ll o te completely automaztic znd self-
checking. They cen contihuously exercise and check themselves

at all times when not in zctual engagement. Shut-down of a

TTR will inevitably reduce traffic cepacity proportionzlly (i.e.,
by one-third in a nominal bzt r;). Redundancy of computers and
[IR's, and provision for input to an LDC of 21l reguired LAR data
from a remote source instead of +he associzted LAR, will give the
individual defenses and batteries a capability for continuous
operation in the event an indiviguzl radar must be down briefly
for mechaniczal repair. Such down-+time would usuvzlly be scheduled
on a defense-wide basis to'minimize the reduction in defense
potential. NIKE-ZEUS missiles require a minimm of 15 seconds

of warning prior to 1lift-off. Of this totzl, 13 seconds is
required prior to a "fire" signzl. FRun-up time for the gyroscopes
and filament power for the transmitter are the 13-second limiting
eiements in zlerting the launching area. One second is then
required from MTR designation fo acceptance of a 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 battery and ignite the booster sguibs

for lift-off. 1In summary, NIKE-ZEUS regquires no externzl warning

but would be more effective if such external warning is avallable.

15. Ezarly Warning from FAR on ICEM's. In the event that BNMEWS

for any reason fails to provide early warning of approaching
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)

WSEG Report No. 45
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beyond LLR coverage. The amount of such 2ddss: ~onal vwzrning 1s
greatly dependent upon re-entry angle of the ICRWY trajectory,

racar cross section of the target, and geographical deployment of

the FAR's relative to the L&R zand batteries. Such warning can

be transmitted to other elements of the NORAD system through
communications planned to pass such information to and from
NIKZ-ZZUS 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 azre ithat they increase lmowledge
of the type and spacing of the attack, provide side a2s well 2s
frontal aspects of targets (which will assist in getecting re-entry
bodies designed to appear smell head- on), and per rhzps to zssist

in decoy diserimination. FAR's also will sreatly comslicezte

en enemy's jamming problem because of their freguency and geographi-
cel spread from the LAR's, and may cilrcunven:t blackous v effects. on
the LAR's beczuse of the different target aspects _afforded. LAR's

alone would provide only 150 seconds of wa rning ageinst ICBM's,

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

is sutomavic that engegements could be performed with very minimal
.crews. However, the continuous maintenance of equipment, the
simultaneous monitorship of all displays within seconds after
alerting, and ready availability of human decisions for possible
overriding of the equipment are deemeéd important by the system
designers. Hence, the tentative military manning sirengths 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/IDC, and Battery are the only estimates currently

avallable. Additional civilian contractor maintenance personnel
will be required, possibly beginning with numbers equesl to the mili-

tary upen activation, but possibly phasing downward at later dates.
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The bulk of the military and eivilizn personnel reguired must be

highly trained persconnel of well-above-average intelligence.

17. Feeting the Sea-Launched Bzallistic Missile Tharezt. The

recuced accuracy of the LAR at very low elevation angles coulé
be a2 limiting factor in engagement of sea-launched missiies.
Eowever, by reference to the POLARIS ballistic trajectories

it is evident that more than six minutes of warning should be

aveilable from the LAR on the shortest range trajectory .

in accuracy. The re-entry velocities and maximun decelerstions
=

for short range are much lower than for ICEM's

The FAR's would not contribute materizlly to NIKE-ZEUS coverage
of SLEM trajectories because of their geographical locations

to the north, but the nature of the other elements (LAR/IDC's
end Batteries, including TTR/DDR's and MTR's) should permit
engagement of sea-launched missiles with at least as much
effectiveness as ICBM's of comparable radar cross sections. In
fact, the lower velocities would more then offset factors of two
to five in radar cross sections, which might exist between ICBEM's
and SLBM's, and would result in higher engagement capzacity

ageinst the SLBEM's.

2/ "The FleeT Ballistic Missile Program, POLARIS FY 1959-1960,
Revised 10 March 1959," Navy Ballistic Missiles Comuittee,

prage 70.
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NIKE-ZEUS SYSTEM COSTSS .

5 bt

18, Total Program Costs. Through the first full yeer cf com-

plete operaztionzl deployment for z 60-battery program {9 FiR,

25 LAR-LDC, GO batteries, and 3,612 anti-missile missiles) total
program costs have been estimated for WSEG by the Army at approxi-
nately $9.2 billion, Corresponding totel program costs Ior &
120-battery program (9 FAR, 35 LAR-LDC, 120 betteries, and

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

Tese costs are based upon providing an initlal operaving capa-
bility in September 1063 and malking the lazst unit operationeal

in FY 66 and FY 69, respectively., Detalls are presented in

Appendix "4" to this Enclosure.

19. Breakdown of Program Costs. Included 1n the total program

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 120-battery program. Total investment
costs are estimated at $7.012 billion and $11.54 billion respec-
tively for the two programs. Total operating costs from FY 1064
through the end of FY 69, the first full yeer of complete opera-
tional‘deployment, would amount to $0.6 billion for the 60-bzi-
tery program and $1.4 billion for the 120-battery progranm.
Thereafter program annual operating costs, which we consider
low by a factor of two {for the reason stated zbove and ampli-
fied in paragraphs 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-battery 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 anmueal

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

of thls Enclosure., The per-unif investment costs in ﬁillions

are $72 per FAR, $62.25 per LARﬂand IDC, and $72.61 per tattery
for the 120-battery program. Per unit costs are slightly nigher,
zs might be expected, for the smeliler 6C-battery progrzm, Annual
operating costs were estlmated by the Army at between $2.1 million
and $3.7 million for each of theée elements (single FAR, LAR-LDC,
or bzttery) in beth programs. However, these znnual sperziing
cost estimeates, for lack of data, had to omit severel larze

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

cf two or nmore.

22. Total Investment Costs znd Totzl Operating Costs. The

total investment costs have been estimated at $7.012 billion for
the 60-battery program and at $11,54 billion for the 120-battery
program. Thus the battery-slice investment cost (totzl diviéed
by 120) in the larger program is Just over $96 million. The
total annual operating costs, which we consider low by a faeter
of two (for the reason stated above and amplified in paragraphs
11 through 13 of Appendix "A" to this Enclosure) have been esti-
mated at $330.1 million for the 60-battery program and $571.1
million for the 120-battery program, These annuzl operating

costs zre effective when the force level is fully operationzal,
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APPENDIX "A" TO ENCLOSURE "A"

ESTIMATED NIKE-ZEUS PROGRAM COST

PURPOSE
1. To illustrate the approxinate cost of z NIKE-ZEUS anti-

missile itissile progran.

SCOPE

2. Cost estimates will cover two prograns:

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 nmissiles.

b. 9 FAR; 35 LDC/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,

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

in Exhibits A through E.

SUMMARY

5., Tatle I surmarizes the yearly obligations required for
both prograns in terms of conventional (complete round fundings),
and lead-time funding. Conventional funding usually requires the
obligation of zll noney for a2 given quantity 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 items. It does require that all funds

for all components of a stated quantity of end items be obli-

gated at one tine,
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TABLE

I

TOTAL PROGRAM COST (Obligations)

(Mil113chs of Dollars Tarougn #irst Full

Year of Complete Operationzl Deployment)

Pro ren © includes zll RDTE, Consztruciion,
pProcuren: ol urigue eguipzent and misziles,
and laintenance and overation.
60-Battery Progran
I0C - Septenber 1523
Cunulative
Force Ievel | Total $ 2y Type of Funding
FAR~LDC=-Btry Fiscal Yezr Conventional Leaﬁ—Ti:e
- 58 and 285.40 2E5.40
Prior ¥rs
-- €0 437.00 427,00
- 61 2284,20 1518.12 .
- 62 3024, 21 2339.49
— €3 1240.34 24i2,.53
Lo 7-12 64 421,68 1085,12
8-21-35 65 300.61 S5L4.63
9-25-50 6€ 269.59 302,61
9-25-560 67 2ko.82 240.85
8-25~60 TOTAL 9203.85 9203.£5
120-Battery Progran
IOC - September 1953
- 59 and 285,40 285,40
Prior ¥rs
; - 60 L37.00 L37.00
- 61 2224.20 1519.1¢&
- 62 3024,.21 2339.49
- 63 2672.42 2814,04
4o 7-12 64 2177.77 2292.15
8-21-35 65 039,63 2178.21
| 9-35-63 66 | 565.61 1361.95
9-35-51 67 377.49 602,60
9-35-118 68 361.22 400.93
9-35-120 - 69 340. 24 340.24
4479-35-120 TOTAL ] 14,571.19 24,571.1¢
\/r‘;t‘(}fwﬁg‘r:l[?' Appendix “f:" to
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6. Tne other method of funding does not reguire the obligation
of 211 funds for a given gquantity of end items within one year from
authbrity to obligete. Instead, the to:al obligetion is sprezd
over & number of yearé to cover, first, the cordering of long lead-

tine components of an end item and, finally, the ordering of very

short lead-time components. For the two methods, the totzl amount
expended (checks issued) in any year and the total ccst of the
whole progran will not vary substantially because of ths Zunding

methed,

7. By program, Table II swmearizes the Army's estinzie of the
ZEUS system cost by mejor tyve of expenditure through the first
year of totel unit deployment., The costs shovm here are those

illustrzted in Table I,

8. Details on conventional and lead-time funding on the 60 and
120 battery programs, as furnished VSEG by the Army, a2re to be
Tound in Exhibits "A" - "D", pages 34 to z7.

9. Table III shows an approximate average cost for eacnh type
of unit wilthin each of the designated programs after the entire
system becomes fully operational, 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 annusl
operating costs represent the estimated reguirements to mzintain
the system in the years following the cut-off date in Tables I
and II. A detalled breakdown of the investment and annuel opera-

ting costs for each system unit may be found in Exhibit "E",

page 38,

GENERAL COMMENTS

10, The ELrmy belileves the data submitted to WSEG includes the

major costs associated with the NIKE-ZEUS system. However, at

this stage of system development there are a number of elements

Appendix A" to

Enclosure "AY
, - 60 - WSEG ERepcrt No, 45
Y,
i ". .



TASIE II

APPROXIMATE TOTAL COST OF PROGRAM
: Y MAJOR TYPE OF B rPoNDITURE

(Mlllions of Do‘larS)

(Through First Year of

Full Syvstem Deployment)

Co3T ITEM PROGRAM
60 - 120-
Battery Battery
Investment
EDTE and Support
Construction 1492, 34 13565.74
Unigue Support Equipment,
Spares 4180.05 6663.80
Missiles, Spares 1425.00 2354.00
Base Construction 140€.70 2512.60
TOTAL 8504.09 13,107.14
Program Operating Coste
Facllity maintenance;
missile, unigue equipment
mzintenance; operation of
communications 623.74 1431.77
GRAND TOTAL $ 9127.83 $ 14,338.91

NOTE: Total cost varies slightly froz that shown in
Table I because inputs for missiles and unigue
support equipmenu represent a2 total of a seﬂ*es

of averages for each type of unit in the p»
For the compos*tion of each program, see

paragraph

-

- 61 -
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for which accurate cost aata do not exist., These omlssions are
outlined in p ““aph 19 of this paper. The major omissions are
in the field of tactical unit and depot maintenance training
construction of the communication network, personnel pay, and
depot level maintenance, It 1s anticipaved that in the near
future the Army 1Will be able to furnish more complete cost data

covering the major cmisslons,

11. It is possible the annual operating costs may ve ir
practice at least double those shovn in Table III. For example,
ZEUS annual operating costs shown represent about 5 per cent of
the investment cost, whereas for otner missile systems (TITAN,
ITINUTEMAN, AJAX, HERCULES) annual costs vary from about 10 to

17 per cent of their respective investment cost.,

12. Another indiceation ﬁhat the annual operating costs zare
lower than they will be in practice is the amount shown for re-
placement parts for missiles and unicgue equipment. Cost estimates
for other solid propellant missile systems (MINUTEMAN, POLARIS)
wave shown that the total annual cost for all malntenence, repairs,
and replacement for missiles runs at least 20 per cent of the
missile investment cost. This item, as part of the annual costs
shown in Table III, only amounts to about.5 per cent of the in-
vestment in missiles. IIINUTEMAN end POLARIS cost estinates
have also shown that totel annual cost for maintenance and
replacenent of unique support equipnent will run at least 10
per cent of the investment cost,” In the annual operating costs
showm for ail system units in Table III, this iten oniy repre-

sents about 3 per cent oI the investment in unigque equipment.

13, If the percentage factors usec in MINUTEMAN and POLARTS
were applied to the ZEUS annual costs shown in Table III (a2nd the

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

NIKE-ZEUS UNIT SYSTEM COST WHEN FORCE

L=V=L FULLY OPERATIONAL
(Miliions of Dollars)
(R&D Excluded)

60-Battery Progran
CcosST
No. 11 Unit
Uni +s Per Unit All Unizts
(Force Annuzl Lnnual
Unit ILevel) Invest Oper Invest Oper
FAR © 72.00 3.4 E48 30.6
LDC/LAR 25 65.32 3.1 1633 77.5
Btry 60 78.84 3.7 4731 £22.0
TOTAL KX XX 7012 330.1
120-Battery Progran
FAR 9 72.00 3.4 648 30.6
LDC/I4AR 35 62.25 3.1 2179 108.5
oy 120 72,61 2.6 8713 L32.0
TOTAL P 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 in Tables I and II. The
investment costs are lncurred during the years cov=-
ered in Tebles I and II. As an investment item,
R&D is excluded because data are not availavle for
prorating this cost to Aiffereni types of systen
units., Totzl R&D for gll units ot each program is
shown in Table II.
b. See Exhibit "E" for System Cost Details.
¢. It should be noted that the investment costs sub-

stantially reflect the majJor initizl system cost;
however, the annual costs may, in practice, at least
double those shown, See paragraphs 11-14,
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battery would be over $11 million, and over $7 million for an LDC
ané 2 FAR unit, It appears reasonable to tentatively conclude,
until more complete cost estimates can be developed, that znnual
costs for the FAR's and ILDC's will at least double thoss shown in
Tzble III, and in the case of the batteries, this woulc ©te a very

conservative estimate,

1L, Although the investment costs shown in Table IIT will be
higher when more complete estimates are ceveloped, we bellieve
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 Operztlonal Capability (I0C)
cbjective is Sepiember, 1953, The IOC represents 1 FAR, 1 IDC,
and 3 batteries each with 50 missiles and launchers operational
on site. For the 60-battery program, the objective is to have
211 units operationel within FY 1965, and in the case of tﬁe
120-battery program, within FY 19690, To meet elther of these
objectives a guarterly production rate of unique equipment for

1 FAR, 4 LDC, 7 batteries, and 425 missiles has been zssumed,

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

Radar; 50 Anti-Missile Missiles and 50 lzunchers.

17. Trzining andé depot maintenance bulldings will be Zinherited

from other programs,

18. A1l land for tacticazl base sites must be purchased by

the government.
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QUALIFICATTONS SRR L) A

19. For the total program cost in Tables I and II, and the

average cost per wnit of the ZEUS System in Table III, the cost

elements not represented zre:

Investment Items Excluded

hve
a. 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, pacteriological protection, if requirec,

€. Hardening of base sites {or blast ané/or fallout,
if reguired,

£. Procduction of fraining and depot maintenance equipment.

g. Construction of off-site communication network.

h, Production of standard (non-unique) organizational
equipment for the ZEUS units, i.e., vehicles, etc, T is
possible that enough staﬁdard equipment exlists for
a;location to ZEUS units without the necessity of

additional initial purchases.

Annual Operating Items Excluded

1. Personnel costs are not included in the program
obligations in Tables I and II because the organization
of the ZEUS units has not been established; however,
100 men per unit is an approximate figure and 3780 dollars/
man/year is the Army average per capita CONUS pay anad
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).

For warhead c¢osts see Estimated Costs of CONUS Alr Defense,
WSEG, 22 June 1959, T0OP SECRET-RD.

Appendix "A" to
Enclosure "a"
WSEG Report No, 45




| TGV AN . -
B ) l//v%*b)évw ’

J+ Training of replacement personnel 1s excluded in

-
14 puimy

211 tables. It is anticipated that training require-
ments, both of an investment and annuali nazture, wili be

avallable in the near future when a training progras will

bte more fully developed by the Army stalfl,

k. In 2ll tables annual replacement and malntenance
of standard orzznizetional eguipment -- probabiy & minor
item -~ is not included. Also excluded 1s cost of re-

rlacing depot maintenance equipment,

20. The chief 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 all construction required for RA&D facllities,
Also procurement in support of R&D is included.

b, In Tables I, II, and III, procurament of the
specified number of tactical and non-tactical missiles,
It is zssumed that during the development and deployment
yéars coverad in Tebles I and II, all the non-tactical
missiles were used for proof firings, englneer-user tests,
and annuzl battery training firings. In Table III, an
annual expenditure of one non-tactlical missile per
baettery for practice firingé is Included in annusl opera-
ting costs,

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

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

maintenance. Base construction includes land acqulsition,

site preparation and facilities, troop housing, and family

housing.
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Annual Operating Items Included

€. Personnel costs, excluded in the total progran
cost in Tables I and II, were estimated and included
in the average c¢ost for 2 system unit in Table III.

f. Operation and maintenance costs Ifor base
facilities. Included in 21l tables are follow-on
spares for maintenance of missiles and unigue suppori
equipment, rental of off-site commnications, and general
maintenance costs for base facilitles which may run about

5 per cent of the base investment cosvt.

21. Although the totzl program cost through our selected
cut-off date is chiefly sensitive only to the size of the
progremn, the amount required for obligetion in an§ particular
year 1s only valid within the context of the stated essump-
tions regarding I0C, gquarterly production rate, method of

funding and, of course, size of the progran.
/
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EXEIBIT "A"
KIKE- ZEUS
9 FAR's 25 LDC's 60 BATTERIES 3,612 MISSII=ZS
INITIAL OFERATIONAL CAPABILITY (IOC) SEPT 63
PROGRAM FUND REQUIREMENTS
(In Millions of Dollars)
Conventionzl, Complete Round Funding
DEVELOPMENT OPERATIONAL

FISCAL ,

YEAR | rome=®| McA | TOTAL PEMA MA | oaMa TOTAL | TOTAL
50 & | 235.65 25.20 | 250.9% ok L6 .00 .00 gh. k5 | 285,40
Prior

60 239,00 { £1.00 | 300.00 | 137.00 .00 .00 137.00 | 437.00

61 | 324.50 | 15.00 | 339.50 {1570.30 | 374.kO .00 | 1oLk,70 | 228k .20

62 218.00 7.50 | 225.40 (2256.41 | 539.90 2.50 | 2793.81 | 302k.20

63 | 125.00| 3.50 | 125.50 {1341.k0 | L59.50 | 6.84 | 12810.8h |1oko.3k

&4 85.00 3.50 92.50 | 193.28 32.80 [103.10 | 325.18 Lol .62

65 55,00 | 2.50] 57.50 | .89.70 .00 [153.51 | 243.21 | 300.82

65 L7.001 1.50 | 48.5%0 48.18 .00 {172.61 | 221.09 | 265.59

67 37.00 [ 1.50 38.50 | 20.3% .00 [181.98 | 202.32 | 240.B2
TOTAL [1371.15 |121.19 likop.3h [5681.07 |1405.70 {623.74 |7711.51 |9203.83

NOTE: Last Major Item Operationmal 4th Quarter, Fiscel Year 1956

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

on eir supported targets or providing within the NIKE-ZEUS system

ar air defense ¢apability ageinst elr supported tergets.

T
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EXEIBIT "B"
NIKE-ZEUS
9 FAR's 25 LDC's 60 BATTERIES 3,612 MISSILES
INITIAL OPERATIONAL CAPABILITY (IOC) SEPT 63
PROGRAM FUND REQUIREMENTS
(In Millions of Dollars)
Lead-time Funding
DEVELOPMENT OPERATIONAL
Figgia% ROT&E2/ Mca | TOTAL | PEMA McA | oxa TOTAL | TOTAL
gzigr 235.659/ 25,2091 260.9L oL Uh .00 00 oh 46| 285,40
60 239.00 | 61.00{ 300.00{ 137.00 .00 .00 | ¥37.00] 437.00
61 324,50 | 15.00} 339.50f 805.28 | 37h.kO .00 | 1179.68 [ 1519.18
62 218.00 | T7.k0| o25.k0l 1571.60 | 539.90| 2.50 | 211L.09 | 2339.k9
63 126.00 | 3.50] 129.50(1849.59 | u459.60| 9.84 ]2319.03 |2448.53
ek 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 §153.41 | 187.13 | Suk.63
66 k7.00 | 1.50} Uu8.50} 81.20 00 | 172,91 | 25k.11 | 302.61
67 37.00 | 1.50| 38.50| =20.k1 .00 181.98 | 202.39 | 240.89
TOTAL [371.15 [121.19 | 1492.34 | 5681.,07 |1L06.70 |623.7% {7711.51 |9203.85

NOTE: lLast Mejor Item Operatiopel ith Querter, Fiscal Year 1966

e./ These figures do not include cost of providing SAGE with ZEUS data
on air supported targets or providing within the NIXE-ZEUS system
an air defense capability against zir supported targets.

'b/ Scme funds not related to ZEUE Program.
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EXEIBIT "C"
- NIE- ZEUS
S FAR's 35 1LDC's . 120 BATTERIES 6,612 11ISSILD

INTITIAL OFERATIONAL CAPARTLITY (IOC) SEPT 63

PROGPRAM FUND REQUIRENMENTS
(In ¥illicns of Dollers)

Cerventionsl, Complete Round Funding

DEVELOZMENT OFZRATIONAL
FISCAL

YEar | romssS | wmea | moran TEMA MCA | et TOTAL]  TOTAL

1

59 & i .

Prier | 235.45 25.29) 250.0h o4 L8 00 0 2k LAl 2235,k
£0 239.00 61.00 300.00 | 137.00 00 L00 | 137.000 L37.00
il 324,50 15.00{ 339.50 |1570.30 374 L0 00 | 1okk 70| 228Lk.2)

62 218.00 7.450] 225.50 | 2256.k2 539.90f 2.50 |2798.31] z02L.22
63 125.00 3.50 129.50 {1576.67 | 562.k0| 9.85 {2548.92| 2578.k2

Bl 89.00 3.52] 92.50 {1506.68 173,201 105.39 | 2085.27| 2i77.T7
65 55.00 2.500 57.50 (1324.29 | L159.80( 1g8.2b {1982.13| 2039.63
65 &7.00 1.50| 48.50 | 161.97 | 103.10{ 252.0k { 517.11} S565.60
67 37.00 | 1.50] 38.50| 55.56 .00} 283.43 | 338.99] 377.%9
€8 36.50 1.50 37;90 33.16 00[ 290.16 | 323.32 381.22
62 35.00 1.500 36.50 | 13.58 001 290.16 | 303.74] 3%0.24

TOTAL {1kb2.55 {124.19]1565.74 {9060.08 |2512.6011431,77 p300k.45114 57 .19

NOTE:; last Item Operational lst Quarter, Fiscal Year 1959
E/ These figures do not include cost of providing SAGE with ZEUS data

cn eir supported iargeis or providing within NIXE-ZEUS system an
gir defense cepability ageinst eilr supported itergeis.
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EXHIBIT "D"
NIKE- ZEUS
9 FAR's 35 LDC's 120 BATTERIES 6,612 MISSILES
INTTIAL OPERATIONAL CAPASILITY (IOC) SEPT 63
PROGRAM FUND REQUIREMENTS
(In Millions of Dollars)
Lead-time Funding

CreonL DEVELOPMENT OPERATIONAL

vEAR | ROTeE 27| wca | Torar | rma MCA | osMA TOTAL| TOTAL
59 &

Prior | 235.65 | 25.29] 260.0k | 2h.h6 .00 00| oh.L6| 235.40
60 239.00 | 51.00| 300.00 | 137.00C .00 .00 137.00] 1437.00
61 324.50 | 15.00] 339.50 | 805.28 1 37k.LO .00{ 1179.68| 1519.18
62 218.00 7.%0| 2p5.h0 |1571.69 | 539.90]  2.50| 211k.09} 2339.49
£3 126.00 3.501 129.50 {o112.29 | 562.40]  9.85) 268L.5k| 25iL.0k
6L 85.00 3.50f 52.50 16;1.05 L73.201 105.39] 2199.55) 2292.15
65 55.00 2.50 57.50 | 1462.87 | 45G.60 | 198.24| 2120.71| 2178.21
66 17.00 1.50] 48.50 ] 958.31] 103.10 [ 252.04 1313.45| 2351.95
67 37.00 1.50] 38.50 | 280.67 .00 283‘.113 56h.10| 602.60
68 36.ko 1.501 37.901 72.87 .00 | 290.16| 383.03} 400.53
- 69 35.00 1.50) 36.50] 13.58 .00 | 290.1A 303.74} 3k0.24
TOTAL |1k42.55 |12b.19{1566.74 | 9060.08 {2512.60 |1431.77]13,004.45 14,572, 10

NOTE: Iest Major Item Operational 1lst Quarter, Fiscel Year 1969

_q./ These figures do not include cost of providing SAGE with ZEUS data on
air supported targets or providing within the NIFE-ZEUS systexm an air
defense capability ageinst air supported targetis.
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E{HETRIT "E"

ESTIMATED AVZRAGE SYSTEM COST FOR 60- AND 120-
- BATTERY PROGREM

CCST PER UNIT ]
60-Btry Progrem 120-Btry Prezram
COST IT=HM
Btry 1TC FAR Btry Do FAR
Investoent
50 Missiles, Initia) Spares 23.75 - - 19.70 - -
Unique Equip., Initial Spared 38.353| 55.20 | 5k.25 | 36.27| 52.09{ 34.25
Base Construction 16.56 1 10.12 | 17.75 | 16.64 1] 10.261 17.75
lzné Acguisition (.30) { (Lo4) | (L02) | (.30) ] (.oi) {.c9)
Site Preperation (55) 1 (L) ) L3y () (o)
Troop Housing (25.40)] (9.55)!(26.92) |(15.57} (3.59) (16.52)
Family Housing (1) FGB) 1 (es) | (a2) | (Lk2) [ (.57)
tendard Org. Eguipment K UK UK UK . { K [4::4
Initiel Treining znd Equip. UK UK 04 Ux UK UK
Depot Maintensnce Eguipment jice w UK K UK 194
Coomunication Retwork T UK UK UK UK UK
TOTAL 78.84 165.32 |72.00 | 72.61 )62.25 | 72.00
Annuel Operzting _
Personnel Pzy, Allowance .378 .378 | .378 .378 | .378 t .378
Missile Replacement Partis .20 - - .100 - -
Unigue Equip. Replscement
Perts 890 11.210 {1.090 860 11,280 11.090
Bese Operation and
Meintenance 828 .506 | .888 .832 { .508 | .888
Rentel of Communications 1.03¢  |1.036 |1.036 [1.060 [1.060 |1.050
Depot Meintensnce ;.4 4.6 3¢ 6::4 UK K
Replocement Training 9::6 UK K 8.6 K 6104
Treining Firings?/ L7s | - - .30k | - -
TOTAL 3.727 [3.130 B.392 (3.62k |3.126 [3.416

&/ Ihober per yesr nct known. There is a possibility Thet 'mo enrvel train-
ing firings will be reouired. Cost shown for one non-tacticel migsile
may over-statie probzble actuzl cost by significant amount.

NOTES: 1. Bettery camposition is 3 TTR, 3 DDR, 10 MIR, 50 launchers with
5C enti-missile missiles,

2. For both progrems, unigue support equipment production rate to
equip 7 betteries, 4 ILDC and 1 FAR per guerter; missile pro-
duction rete et L25 per quarter.

3. For the 60-btry program, toiel missile production assumed is
3,000 tactical missiles and 612 non-tactical for proof firings,
engineer-user tests, end ennusl practice firings through the
cut-off dete In Tables I and TI. For the 120-battery progran,
totel missile production essumed is 6,000 tactical and 612 non-
tecticel.

Exhivit "EY to
Appendix "AY to

Enclocure "A"
M\ - WSEG Report No. 45




S T
E! \

ﬁczgk - E “‘]_9.

: ? Lt

4. Average rissile unit cost for the quantity produced, without
wverhead, is 475,000 dollars for the 60-battery prograz ant
364,000 dollars for the 120-battery program. Except for wer-
head, rissile wnit cost includes all cosis associsted with
the pu_chase of the complete unit including adsption kits,
initiel spares, and transpertatlion.

5. Initiel spares represent sbout 15 per cent of the unit ccs.
for missiles and unigue eulpment.

€. Per site base comstruction essumes 246 acres for e batrery,
37 ecres for a LDC, and 35 ecres for e TAR site at $1,000
per acre. Construectvion covers zll cosis, except possible
hardening, end includes bases for 2 batteries, 1 LDC, and 5
FAR sites & éfor the Eb batuevy nro**am and 6
batteries, :
Drogram.,

T. Personnel pay and slliowences have been celevlated on the besis
of 100 men per ucit at 33,780 per man year.

8. Anmual base operztion, mzintensnce cegleulated on basis of
5 per cent of investmenti value of the bease.

0. Anmie) rectel of cormunications is a very arproximate
suess because site location has not beern esiablished.
Signal Corps believes about $17L4 million per vear for the
120-battery progrem and $97.4 million per vear for the
Ed-battery program is the present best estimate. Total
armual cost has been prorzted evenly for a&ll units of the
system,

10, Rerlecement parts for missiles ani unigue equipment (Jfcllow-on
spares), as part of toitel annusl maiztepance cost, zre as
calewlat. ¢ by the Army steff.
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ENCLOSURE "B"

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

THE PROSLEM

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 United States.

INTRODUCTION

2. NRIXE~ZEUS can potentially contribute to the defense of both
the population 1tself and the industrial 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 popuwlation of various nuclear atﬁacks will be treated, together
wlth the dependence of the results on passive defense measures.
Second, the potential contribution of ZEUS in the zbsence 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 the contribution of ZEUS %o
the defense of industry will be treated simultaneously with the

" defense of population.

DISCUSSION
VUINERABILITY OF U,S, POPULATION

3. The major weapon effect for production of populztion casual-
ties 1s radiocactlve 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 weapohs

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

except to delliberately minimize population casualties, for the

following reasons:

Sl&i B/‘ CERL }3:-,.}-" Enclosure "B"
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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 air burst can only be achieved if

the hardness is kﬁown with some precilsion, and this requires
& more sophisticated and less reliable fuzlng system than for
2 ground burst;

c. For soft targets the kill probability is already essen-
tially unity even for ground burst weapons for ICRi's with the
charescteristics estimated for the USSR in 1965-70;

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

e. The world-wide fallout is maximized by air bursts,

4, The extreme vulnerability of civiliazn populations to rzdio-
active fallout hés been shown in previous WSEG studies.i/g/ It
is probably most convinecingly demonstrated by purely statistical
calculations in which wezpon delivery within large subareas of
the country 1s assumed to be completely random. To indicate
this wvulnerzbility fatalitles have been compuﬁed on thls basis
for an unprepared population with no specizl shielding (essenti-
21ly the present situation) in whi;h only moderate use is made

of existing dwellings for shelter,

I/ WSEG Research Memorandum No, 5, "Simple Formulas for Calculat-
ing the Distribution znd 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 are identical
to those used for the "unprepared case" considered in that
document, The differences in the results obteined 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’

ey
oy

-

targeting doctrines have been chosen as illustrative of %2 rangzge
cf rossilble 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 targeiing of control ceniers and
principzl cities,

b, Targeiing in which weapons zre delivered to regions in
proportion to the population in the reglon, which is roughly
Typical of an attack concentrated upon the industry and com-
munication and transportation facilities of the U.S.

¢, Targeting which seeks to maximize population fatalities
by distributing the attacking weapons optimzlly for this

purpose.

6. It is important to no£e that, whlle the mecdel which serves
as a basis to the calculation assumes that the weapons are de-
livered at random within each state of the U,S., the numbers of
fatallties do not change significantly for an unprepared populza-
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 casuwalties for a campaign which at-
tacked clties only, with the objective of maximizing urban casu-
alties, were calculated, The results are compared in Figure 1-A-

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

4/ Tnis campalgn cannot be validly compared to the uniform case
since the geographic distribution of yleld as well as the
objective of the attack are sco different,

schéE Z) Enclosure “B"
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FIGURE 1

EFFECT OF VARIOUS TARGETING DOCTRINES A&ND ATTACK LEVZLS
ON TOTAL CASUALTIES IN U,S.,A,

FIGURE 1-A

COMPARISON OF TOTAL CASUALTIES FROM DIRECT CITY ATTACK
IT: DOM AREA MO
{Unpreparea Case)
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expenses, for thirty squadrons of éixty'missiles each, 1s given

2s $106.7 million per Squadron, or about $3.25 million per

misslle,

T BT IR

~

7 0. If we accept these figures for systems cost as being

approximately accurate, and measure costs for MINUTEMAN missiles

-

and NIKE-ZEUS batteries at the rate of $3.25 million, and $01 ;
million respectively, then we conclude that the cost of one NIKE-a:if;’
Z=ZUS battery in a system of about 120 batteries is aprroximately Qi‘
equal to the cost of 28 MINUTEMAN missiles in & system of about

30 sguadrons.

{[ﬁ)ul. If cne or more NIKE-ZEUS batteries are beinz considered

&s a means of defense for 2 number of MINUTEMAN miésile sites,

we can inguire as to the relative effectiveness, in terms of ﬁffr;
survival of the total MINUTEMAN foree, of the installation of B
these batteries versus the installation 6f 20 more MINUTEMAN

missileé for each of the proposed NIKE-ZEUS batteries, The

cost of the two proposals is considered to be about thes same,

from the analysis of the previous paragraph,

Qi;42. To make the compérison, we suppose that the MINUTEMAN
force 1s attacked by ballistie missiles, in such a way that

the coptimum use of NIKE-ZEUS batteries, as defined ih paragraph
21, 1s possible, That is, saturation of the traffic-handling
capability with cluster warheads -or decoys does not cceur.
Efficient use of tne incoming enemy missiles i1s assumed in that
we suppose that the enemy aims a sufficient number of missiles
at the defending batteries themselves, to assure himself of a
high probability of penetration, before 2iming at the MINUTEMAN

sites being defended,

Enclosure “C"
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43, The NIKE-2=Us batteries are to be hardened to 5 ogi, znd the
' #*

o
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FIOTUTEMAN sites are 4o be herdensd to‘ We suposse

ne only meazns of incapacitation of & MINUTZHIN missile ig

o

hrough ¥

iDs1 shelter., an enemy weapon witn guffil

~eld and azcureey to give 2 high Probaoilits of it agzinst

v

arget will z2imost certainly destroy S5 psi T so
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m

-
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of a2 NIKZ-ZzZUs bettery by 2 wezpon ai- thet

-
- i

!

h
th
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equivelent to destruction, Tanl

0

for a2 veriety of wezpon characterissics,

and cestruction. The NIXE-ZEUS battery tactic is <o reguire the
eneny o fire the mazyimum possible number of missiles to achleve
this desired probability, In <he previous section, we have shovn
that this maximum number “he enemy can be required to fire o 25~
sure nimself of 90 per cent brodability of penetrziion of 2 NI=.

r

[1)]

m

ZZUS battery is 28 missiles, .If = batteries present, 28n

will be the mzximum required to assure 90 Per cent provedbility of
benetration of ezch pattery, But excepting for missiles of ex-
tremely large vield, 28 missiles can expect.to destroy a2t most 28
MINUTEMAN sites. Table IT shows, for example, that an 8-MT mis-
sile with a 1-n.mi. standard deviation (CEP = 1.18 n,mi,) has a
probability of .45 of destroying e 100-psi point terget and a
probability of ,99 of destroying z S-psi point target,

. b5, We can conclude that for the two systems of equzl Investment

_,l_'.::"
cost, n NIKE-ZEUS batteries and 28n MINUTEMAN missiles, the /=

\
cost to the enemy to reduce the MINUTEMAN force level to any given(fgfl

L ~

Quantlty 1s greater if the 28n extra MINUTEMAN missiles have been
installed than if the N NIKE-ZEUS batteries have been instzlled,

/]
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compare, since rellable estimates of 1ife expectancy are not availJrS}
able, The annual operating cost of a NIKE-ZEUS battery in 2 120- ¥
battery system, excluding FAR costs but including 2 proportionate

share of the LAR annual operating cost, but excluding training ang
some other factors, is about $4.5 million, The annuszl cost of
operating a sguadron of MINUTEMAN missiles will then be about
$25.7 million, from Enclosure "D" of Second Annual Review, WSEG
Report No., 23, 1If these costs are included with system costs and
the systems are amortized over five years, the number of MINUTEMAN
missiles which can be purchzseé and operated for a five-year peri-
od, for the cost of the purchase and operations of a NIXE-ZEUS

battery for the same period, drops to twenty missiles,

", 7. On the basis of this argument, it might appear that for
the purpose of increasing the surviving MINUTEMAN force level,
the use of NIKE-ZEUS to defend MINUTEMAN sites is 2 comparable
measure to the construction 6f more MINUTEMAN sites for fixed
cost, In this case, the relative evzluation of the two compest-
ing systems would depend on other considerations, such as totzl
amount of fallout delivered, ete, However, under the conditions
of attack previously stated, the destruction of twenty MINUTEMAN
missiles exXacts a greater cost in enemy missiles than the destruce
tion of a NIKE-ZEUS battery for any missile that cannot exsect 2
kill probability of very nearly one against a loo—péi point

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

3/ the cost estimates submitted to WSEG by the Army are tenta-
tlve in nature and, because of the present stage of system
operational planning, do not include =11 bossible cost items,
The investment cost is reasonably complete and probably rep-
resents a2 major portion of the initial one~time outlay,.
Annual, or recurring, operating costs are not as complete
and could possibly double in practlice those used here in
the analysis. See Appendix to Enclosure "a",
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for exazmple, cn= 2issile hzs & probability of 0,45 of desiroying

2 100-pcsl point target, and & missiles have 2 orobavilicy of 0f91
£ vhe varget, so that 80 missiles would be required

0 echleve 99D per cent probabiliéy of destruction to czz= of 20

point targets, as compared with 2z maximum of 28 Lo achieve 90 per

cent Probedility of destruction <o the NIHE-ZZUS batterr, Also,

- - ~ - oo - - Fad T [ -
v GeEretatlion in the performange of +he NEZ-ZEUS bait<er w

= 3

iien

4 .

w2 S Ly - 2 o~y - - P
CO-2 Tesult from enemy traific-hzndling szturaztion vecnrigues
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Tee of the discrepancy indicated

©ve Ierfresenis 2z vary advanced capabililty, However, even grezater
eciuracy and yield of Sovie: ballisktic missiles Deyond the Tigure
used for 1llustrziion here might oceur in the period 1965-70. ®or

such higher performznce missiles, ¢

MAN may no longer offer 2

[#:]

atisfazctory defense of these instella-
Ticons, To counter this event, Increazsed hzrdness and the imple-
mentation of 2 mobility concep: have been proposed. MNo zpproved

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

e¢1;u9. Zerly estimates indicate that the system costs for 2 mobile
MINUT=MAN wouwld probably be less than twice thet of the fixeq iﬁ;?l
herdened missile, The mobile missile might suffer some degrada- Qi?:;f
tion in reliabiliiy angd accuracy over the.fixed missile, ©Tet us :é;

suppose that for 2 fixed system and operation cost, fixed MINUTEMAN

sites, or NIKE-ZZUS baiieries <o defend them, or mobiis MEINUTEMAN
missiles, can be purchased in the ratio 20:1:10., For 2 fixed cost
then, we could obtein 20n fixed MINUTEMAN missiles, or 26(n-x)
Tired missiles and x NIXE-ZEUS batteries to defend them, or
20{n-y) fixed missiles and 10y mobile missiles, The cost in

very high performance enemy bzllistic mlssiles to destroy the mis-

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

Enclosure "g"
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20(n-x)+23x in the secong case, if the enemy must use 28

missiles to zchieve high probzdility of destruction of .z NTvE-

cZJ5 bzitery; angd, in the thirg cese, 20{n-y) plus 2n u~i=own

e
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movrlle missiles, Urless £

s

-

13

Telizble znd repid intellizence system, the thiré case wsu-¢
lezve 107 mobile missiles in loczticons unimown %o the Scviet,

Irem which they coulé be launched, or remcved %o othaw lccetions.

Ciher Missile Sysztems

3. The zboove gngliysis can zlsc be zopliied fo the ATLLT enmE
CITAN srstems The TITIN system, like the MINUTTVLN system, will
consist ofé oint tergets, with either 1 or 3 TITEN *

'._l
n
ct

misgiles per point. Tre «er sguadrons will consis: of c

|
-
w
wn

iles 2t 9 sepzrate points, Tne early ATLAS sguadrons will

De hazrdened to 3 and 25 psi, Later sguadrons will consist of
: +

@ missiles in 9 separat

N

)

~>l. Some of these sguadrons will be loczied neer SAC bomber

-

N
Dases, and so would presumadly be protecied by the seme batteries

‘used in defending the base, However, we will compute the value.
of NIKE-ZEUS defense to hardened ATLAS znd TITEN squadrons as
compered with the value of constructing. extra ATLAS or TITAN
missiles, for increasing surviving force levels, ignoring any

cther targets which the NIKS-ZTUS batieries might defenz,

‘\ 5z. ATLAS costs for the lzter, separezied, 100-psi squzdrons
ere given in WSZG SAR Report 23, Appendix 'D", as $143.0 million en
per squadron system cost, and $21.4 millien annuzl operatiﬁg ad ¢
expense, zan annual cost of about $50 nillion, for z system

.emortized over 5 years. TITAN annual costs for the later,

separated sguadrons are the same, Using the same comparison

/ "Enclosure "D
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20(n-%)+28x in the second case, if the enemy must use 28

missiles to achieve high probzbility of destruction of a NIK=-
ZzZUS battery, and, in the third case, 20(n-y) plus an unimown
quantity which would perhaps be expended in an attempt to find
mobile missiles. Unless the Soviets had available a highly
reliazble and rapid intelligence system, the ﬁhird case would
leave 10y mobile missiles in locztions unknown to the Soviet,

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

Other Missile Systems

'  50, The zbove analysis can zlso be gpplied to the ATLAS znd

TITAN systems. The TITAN system, like the MINUT=MAN system, will
consist of 100 psi point targets, with either 1 or 3 TITAK
misslles per point, The later squadrons will consist of 9
missiles at O separate points. The early ATLAS squadrons will
be hardened to 3 and 25 psi. Later squadrons will consist of

S missiles in 9 separate 100 psl sites,

15\51. Some of these sgquadrons will be located near SAC bomber
N~

bases, and so would presumably be protected by the same batteries
used in defending the base. However, we will compute the value

of NIKE-ZEUS defense to hardened ATLAS and TITAN squadrons as

'compered with the value of constructing extra ATLAS or TITAN

missiles, for increasing surviving fcrce'levels, ignoring any

other targets which the NIKE-ZEUS batteries mlght defend.

’.?‘52. ATLAS costs for the later, separated, 100-psi sguadrons

-
b

are given in WSEG SAR Report 23, Appendix "D", as $143.,¢ million
per squadron system cost, and $21.4 million annual oﬁerating
expense, an annual cost of about $50 million, for a system
amortlzed over 5 years. TITAN annuzal costs for the later,

separated squadrons are the same. Uslng the same comparison
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as belere, we have that for 2 Tixed five-yea» cost we co2n Frocure
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one TIZAN or ATLAS squadron for sii the cost of

TSN ey
Dl

two NIFZ-TIUS bztteries,

3. As zlready shown, the cost in enemy misgiles to pereirzie

- - .  —— . . :
>° missiles, A celewiztion from Table I shows that fa- = lan,mi,

stzndard deviztion 8T migsile, the cost cf destn

O

t(c
}

ry
[}
m
(]
]
O
'

ard ceviation L& MT, this number would climb o 54, compzrzile to

.. Bi, The reiztive vzlue of the two proposed methods for increzs-

ing surviving force levels would appear to depend to an extent on
tne periormance characieristics of the gtcacking missile, The

standard deviation of 1 n,mi, (CZP = 1.8 n.mi,) i5 less than

X that
aviriputed to USSR bellistic missiles capabilities by N13-11-5-58

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

2]

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

the reaim of possibility for the years 1965-70,

DEFENSE OF SAC BOMEER BASES AND OTHER INSTALLATIONS

\

(/" 54, The uncertainties in the U.S. retaliatory posture and ir

the size endg nazture of the eneny ballistic missile threat, in !
the 1965-70 period, have been discussed in previous sections of 0471”
this Enclosure, This threat will probably consist of both SLEM's i
and ICEM's, In this section we will indicate in more deteil the
ballistic missile threat to SAC bomber fofces, control centers,

znd other milifery and civilien installations important in a

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

ant, such as the non-alert force, some government centers, etec,

SLR] Threat

56, The principal threat from submarine-launched missile attack
scems from the fact that such an attack could probably be deliv-
ered with virtuzlly no warning, if no adequate system of submarine
detection and control were available. With IR detection equip-
ment availzable to detect missile launchings before burnout near
owr coast, the meximum warning time would be the time of flignt
of the pallistic missile, less identification and communication
delay., This time of flignt varies from about four.minuteé for a

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

| 63\5?. According to the 1963 SAC bomber bzse deployment, about - -
. el

50 per cent of 21l SAC bases will be within six minutes time of . ..

i
-

n>

ballistic missile flight of the 100 fathom line off the U.S,.
coast, Even with IR warning this time fzlls 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 requirements, and

\\Can operate effectively without FAR or other warning, it might
offer a valuable means of defense against the SLBM threat. This
system could be especilally valuable in defense of those SAC bomber
bases near coastal waters, The system could serve to shoot down
incoming eneny misslles, 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 capabllitles of the attack, through

Enclosure "g"
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' 2éi:jH%€T‘Use of air alert for SAC bombers would 21soc serve as a N{J

1)

o2
the use of cluster warheads, decoys, and close spacing of incoming

missiles, The price of 28 enemy mlssiles, for a high probability
of achieving penetration, which NIKE-ZEUS could exact if the
enemy did not have such a capability, could thus be greatly

reduced, as has been shown elsevhere in %he paper,

59, However, if the enemy did or could not‘develop and deploy
the necessary forces to achieve traffic-handling saturation of
NIKE-ZEUS, through a submarine-launched missile attack, the NIKE-
ZEUS system could perhaps raise the price of successful atiack
vhrougn this means beyond the 2bllity of the enemy to pay. For
example, the maximum cost of ottaining 90 per cent probability of
penetration of each of 30 NIKE-ZEUS batteries, without traffic-
hendling saturation, would be 840 missiles, or 28 missiles per
battery, For 60 batteries, 1680 missiles would be required,

Such a large force level would increase the number of missile-

lzunching submarines that would have to be deployed, with the

consequent greater probability of giving strategic warning,

means of preserving the ready-air force from surprise SLEM attacg#affE

Costs for air alert for the FY 1964 programmed force of 16 B-52 ‘J%gyf;
wings are given in WSEG Second Annuzl Review, Report Ne, 23,

Enclosure "D", These costs, including extra investmént and

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

are given in Table IV.

TAZLE IV

COSTS FOR_AIR ALERT, 16 B-52 WINGS (196L) .

'éh-Hour Sorties Additional Investnent Additionzl Annual
Per Day for 16 Wings Cost for 16 Wings
Per Wing {million %) (million $)
6 18,2 720
12 711.8 . 2074 .6
18 - 1438,0 3357
I/; N
/ G EORETT .
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61 Bombers on air alert have = high probability of being able’
o fly 2 retaliztory mission even .ander the circumstance uha,
the NIKE-ZZUS system would fai1 Lo prevent the destruction of SAC
ground forces by surprise autack; However, NIKE-ZEUS would have
capabllity to defend non-alert ground forces, citles, ete,, which
air alert forces could do only indirectly through the tnreat of

retaliation,

ICEY Threat

0.62. A large ICBM force launched from the USSR or its satellites

against CONUS would Probably be detected by an operating BITUS

cystenm, which would provide at least fifteen minutes warning time -
y s 3

to any CONUS site, 1f communication delays were not excessive,
Tnis time woulg probably be sufficient to allow the ground ready
force to escape ICBM attack, The remzining two thirds of the
bomber force could not be launched on 2 retaliatory mission for
several hours after warning, although dispersal of part of this

force in a shorter tinme might be feasible,

i 63. Protection for other instazllations which cannot escape
ICEM attack could be provided by NIKE-ZEUS, however, Targets
such as government control centers, Amy bases, ete., 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 technigues he could employ and the
force levels he could use in his attack Levels reouiﬁe‘ to
achieve 90 per cent probability of penetration of & NIKE-ZEUS
battery cowld vary from one missile with a cluster of.several
warheads and decoys, to 28, a2 variation in forcellevel which

includes prodable USSR capabilities in the period 1965-1970,
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SUMMARY AND CONCLUSIONS

6L, In this Enclosure we have e;amineﬁ the potential contribu-
tlon of NIKE-ZEUS to the defense of the various portions of the
CONUS retaliatory system for the period 1965-1970.

65, The NIXE-ZEUS s&stem was examined to determine the firing
procedure that would maximize the number of ﬁissiles which the
enemy must send into the defensive area of a battery to ashieve
80 per cent probability of penetration, This meximum is twenty-
eignht missiles, If no traffic-handling saturation is employed,
Saturation technigues such as cluster warheads, decoys, or close

misslle gpacing in time, could reduce this number greatly,

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

a., Consiruction of more hardened MINUTEMAN sites
b, Deployment of NIKE-ZEUS to defend a number of fhese
sites, |
For all reasonable estimated enemy missile characteristics and
any force megnitudes, procedure 2 results in a considerably

greater surviving MINUTEMAN force level than procedure b.

Yy 67. A similar examination of ATLAS and TITAN sites, on the
same basis, leads to the conclusion that the relative meriis of
procedures 2 and b to Increase surviving ATLAS and TITAN force
levels depend on other factors, such as the enemy threat in
?ield, CEP, decoys, cluster warheads, etc,, over reasonable

'estimates for these characteristics in the period 1965-1970,

~
i

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

ready-force from SLEM attack, in the absence of extensive air
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alert or of an adequate method of submzrine detection and control
The system n;y also offer a defense of SAC non-ready force S,
control centers, and other retaliatory instalilations, freom SL=HM
ané ICZE] attacli, Waiether this is the most economical me“nod of
Gefencding the retaliatory capabilities has not been examined,
The effectiveness of NIKE-ZEUS for this purpose depends on the
characteristics of the enemy threat, particularly with regard to
his possible development and use of decoys and cluster warhezds

25 a means of penetration,
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ENCLOSURE "D

ESTIMATED CAPABILITIES OF A.NIKEJZEUS FIRING UNWIT
AGATNST POSSIELE TCHi AND IRl LTDRASATS

PROBLEM

1. To meke reasonzble estimates or weapons effectiveness para-
meters (e.g., coverages, simultaneous andg extended engzgzenent
cazpacities, c¢zcoy discrimination capebilities) which 2 tiypical
NIKE-ZEUS firing unit might achieve against possible ballistic
missile threats (i.e., types of warheads ang decoys) in the

post-1954 period.

SCOPE AND METHOD OF APPROACH

2. The necessity of considering decoys of various types as an
element of the ballistic missile threzt reguires ciassifiéation
of the ZEUS firing unit as presently desﬁgned into several models
of differing capabilities. The effectiveness of these with
respect to possible threats 1s discussed in & general way,i/so
that realistic coverzsge and éngagement cepacities against particu-
lar threats can be roughly estimated, Such considerztions are

applied to selecting reasonable parameters for a simple simulation

model, indicating whereln epproximations are mage.

DISCUSSION

INTRODUCTION

3. ZEUS firing unit capebilities in terms of effectiveness
parameters such as engeagement capacity and coverage zre sensiiive
to threat characteristics like yielc and CEP only'to the extent
that these may interact with and affect the more difficult-to-
predict threat characteristics of decoys, cluster warheads, or

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

+/ Tnls 1s necessary to set tne stage for detailed intercept
calculations, wnich can then establish effeciiveness para-
meters quantitatively, We have not made such czlculations,
but in some cases have anticipated their results for the pur-
poses of this project, since in many instances the inacou-
racies involved are minor in comparison to the uncertainties
of realizing the postulated conditions. -
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as additional factoré which enter When system deployment is
consldered, will determine the effectiveness of an attack against

& gilven target in a specific situation.

4, There is some uncertzinty both as to what may be technically

and economicelly feasible for advanced threats, and as to what can
be azchieved by some schemes of decoy recognition. Since the ZEUS
design is sufficiently flexible to incorporate schemes whose
evaliuvation is not now complete, and since any determination of
the likelihood of particular enemy threats (as opposed to their
feasibility) must de associzted vwith tenuous arguments involving
intent and strategy, 1t seems desirzble o develop the ZEUS
effectiveness perameters for several combinations pf a Tew
limiting ZEUS capability levels against a few limiting cases of
bossible threats, pointing out the assumptions made and indiceating
whether these correspond to proven capabilities, present state-
of-the-art capabilities, or extrapolated.state—of the-art possi-
bilities, Table I gives an 6utline of the arezs considered from
this viewpoint.

2/
5. Continulng studies ¢f the ZEUS system zre being conducted

to determine the optimum composition of & firing unit (i,e., the
nunber and ratio of TIR's,” MIR's, and missiles) as well 2s the
optiﬁum deployments and firing doctrines for these units, for
various assumptions. As inputs, these studies use ranges of
verameters (such zs missile reliability, TTR recycle times, num-
ber and values of defended greas, enemy ICBM stockﬁile and
arrival rates, etc.) whose actual 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 sa large range of threats fsirly well

2/ By BTL, AOMC, and NORAD.
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Threzat Typesé/(in srder
of protzble easec of teche
nical achievement)

ZEUS Decoy Discrimination Capability
(in order of increasing potential for
improved effectiveness parameters)

1. Those based on re-entry phenomena 1. Slow warhead (low bal-
s1 5 ( doubt of listic coefficiert,

2. ow-down (no doubt o e aL=2
feasibility and range of B =-EEI= 200 1o ft
epplication) D -

L. Slow-down plus ionization, h1§horada§)cross-sectmon,.
amplitude, infrared and o=20.5a%.
optical or other phenomena e
(further experimentziion £ Elglscafgagmem,a
§GQUi£eg to establish enkag

easibllity and range of b. Pius fregment -
! . b. P1 regmented taznk-
epplication). aze and bellcons,
2. Those based on out-of-ztmosphere £. Plus fragmented tenk-
phenomena age, balioons, and
hezvy decoys.

2. "Stand out" phenomena from :
trajectory anzlysis (seem 2. Fast warhead (high

- difficult and applicable ballistic coefficlent,
only to special situations) s
B = 1000 1b ££ <; low

b. Signature from scintillation, radar cross section
spectrum analysis, polariza- ‘g = 0.02 m?).
tion, ete. (further exverimenta-
tion required to determine &. Plus fregmented tank-
range of applicability). Prob- age and bzlloons.
ably effective against tank
fragments, but balloon b. Plus fragmented tank-
camouflage of warhead and age, balloons, and
decoys (veiling) might invali- heavy decoys.
dzte these outside the a2tmos-
phere unless {¢) were success- 3. Multiple or cluster war-
fully employed. head (high ballistic

ceefficients, low radar
¢. Use of precursor burst (per- cross sections).
haps desirable to destreoy or Plus fregmented tankage
detect light decoys). Use of and balloons.
such bursts (or of other mis-
sile aids) for more sophisticated
tests, including nuclear effects,
ageinst heavy decoys is problem-
atical, but now appears to reguire
excessively complex instrumentation.

a/ Each of the three threat types indicated is subject to
two further classifications--whether low or high re-entry
angle, and whether ICEM or sea-launched IREM. Electronic
countermeasures are considered a secondary threat (see
paragraphs 19-25).
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rather than to optimize the system agzinst phiriticular threats.

Thus, throughouthour considerations we shall use the firing unit
» |

composition of 3:10:50 (No, TTR's or DDR's:MTEﬂs:ﬁ&EPs)E/;ﬁd,
in accordance with the iiscussibn of paragraph L, shzll arrive at
limiting values for the capzbilities of such a composition,
OCbviously changes in this firing unit composition which modify
the elfectiveness pereameters of singile firiﬁg units could have
rmuch the same over-all effect as changes in the number of units
ceployed, zlthough the former procedure could have cost edvantages
over the latter. As the szturztion aspects of the threat become
more seriocus (e.g., with cluster warheads), it may be desiratble
to iéE;ease the number of TMR's, MIR's, and missiles ver firing

2

uniet, as well as the number of firing units alliocatéd to a

locel defense center.

MODELS OF NIKE-ZEUS FIRING UNIT CHARACTERISTICS

€. In sttempting to narrow down the number of representative

0

models of & ZEUS firing unit (of fixed composition) which must
be considered in illustrating representstive decoy ciscrimination
capabilities, 2 reasonable division zppears to result 4n i
three models:

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

capabilities of thls model can be stated with assurance, and

3/ A TIR (and slaved DDR) 1s required to track each target engaged;
thus, the number of TTR's and their "tie-up" or recycling time
will 1imit engagement capacity in z simultaneous or saturstion-
type attack. The number of MTR's determines how many ZZUS mis-
siles can be directed in & szlvo against & single target (fir
capacity), and thus greatly influences kill probability., In-
procracted attacks, the total number of missiles available may
be limiting. .

ﬂ/ The same composition as 1s used for funding purposes, Szlvos
of three missiles each will 2lso be assumed, since this is
consistent with the 3:10 ratio of TR to MIR's.

2/ We understznd that compatibility for using twice the number of
TTR's, MIRA's, and missiles (per firing unit) that we have
zssumed 1s being built in the system (with modular type design,
this is not diffieult).

&/ Hearly all such capasbilities will be founc in the firing unit
since oniy 1ts racaers (TTR and DDR) can have the resolution :
end observation time required,

, Enclosure "D
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there 1s no doubt that they‘ére attainable, 1Its chief weak- .
nesses are that it can 1ntéfcebt only below discrimination
eltitudes (e.g., 200,000 f£t), and thet it must fire on as

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

able radar cross seﬁtions and ballistic coefficients large
endugh to fall in the warhead category. If represents g
minimum capabllity for ZEUS against a decoy threat.Z/

b. Model B having the capabilities of Model 4 plus at least
one further successful criterion8 based on re-entry phenomena
which are sensitive to the weight of the re-entering body.
This model would reguire the enemy decoys to approach 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-mlle horizontal range would still

be subject to launch-before-discrimination uncertainties

if cluster warheads were employed in unpredictable fashion.

Tnis minimum capabilify retains its limlited effectiveness out
€o meximum horizontal range (conservatively limited at present
to 75 n.mi, by guidance accuracy and lethal radius). This is
accomplished by launching missiles before diserimination to-
ward the arez in which the diserimination will ocecur, with
obvious uncertainties in the number of missiles which should
be launched, There is little doubt that launch before dis-
crimination will always be utilized, since it may increase
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
contain no decoys or no element of a2 cluster warhead, If
missiles were not launched until discrimination indicated how
many were needed, the area which could be defended would pe
reduced 1in size, In this reduced area around the firing unit,
vhether launch is before or after discrimination, there is 2
chance (for slower warheads, smaller re-entry angles, or IRBM)
that a single TTR can guide two szlvos to intercept before
minimum acceptable altitude 1s reached.

§/ Or perhaps several complementary criteria, including those
based on optical and IR phenomena. Although resolution 1is
achieved in angle optically and in range by radar, precise
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 if the optical in-
strumentation were on the ground with the radar. The scheme
would be subject to weather uncertainty, however.

';]
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The attainment of the criteria required to realize the capa-
tilities of Model B appears possible but not certain, end
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 2z
variety of radar signature tests (perhaps éombined with pre-
cursor burst) for the out-of-the-atmosphere, If these were
successful, the system could bes effective to 1ts maxdimunm
range against decoyed threats, would have improved traffic-
handling capability for saturation attacks (due to possi-
Bility of intercepts beginning 2t 75 miles gltitude), and
would then represent the meximum capability 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) 1s primerily
@ matter of data processing, and the type of facilities necessary
for this are to be provided in the ZEUS system. The incorpora-
tlon of as many criteriz as can be proven will at least'compli-
cate the enemy's problem and result in'capabilities against
tikely threats somewhere between that of Model A and a completely
successful Model C. We shall denote our best estimate of such
capabilities as Model D. These models, together witﬁ the threzat

models to be discussed next, are summarized in Table 11,

MODELS OF ICEM AND IRBM THREAT TECHNICAL CHARACTERISTICS

8. In attempting to narrow down the number of representat;ve

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 attained 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).
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TABLE II
SUMMARY OF POSTULATED MODELS

2/

ZEUS CAPABILITY MODELS THREAT MODELS

174

= 1, Model A | 1. Model A
Assumes only aerodynamic Slow ICBY warheads (£ = 200 1b.
slowdown discrimination f£7) of medium radar crogse
can be successfully em- section (g = 0.5m2),

rloyed against decoys.
Gives 2 minimum capability,

2, Model B
2. Model B
' Fast ICBM warheads (B = 1000)
Azsumes zerodynamic slow- of low radar cross-sectisn
¢owmn plus &t leasti one (8 = .02).

other re-entry phenomensn
can be employed zgainst

decoys in such manner zs 3. Model C
to force them to approach - :
warhead weights, Does not IRBM werheads (B = 700,
permit interception out 5 = 0.1) with 1000-n.mi.
0 The atmosphere, meximum range.

3. Model C

4, Model D

Assumes out-of-ztmosphere
decoy discrimination is IRBM warheads (8 = 700,
successiul either through - 5 = 0,1) with 200 n.mi,
use of precursor bursts maximim range,

Or other missile azssists
in space (Model C;) or by
means of radar or cther 5. Model E
signature (Model 02)
Cluster warheads for ICEM
4, Mocdel D having 10 subwarheads of
200 KT yield each,

Our best estimate of

actual capabilities likely

to be attained by ZEUS,

These will be greater than

those found for Model A

and lesg than those found

for Model C.

a2/ All ZEUS models assume design specifications are met,
In terms of physical equipment a1l models are identi-
cal, They differ in assumptlons as to the degree of
success realized by the various means of decoy dis-
crimination which are incorporated,

b/ All Threat Models may be accompanied by fragmented
tankage, balloons, ang heavy decoys in appropriate
numbers (see texts.

;
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decoys. The ZEUS -command guidance system is a closed loop with

sufficiently'short time constant 56 that the ballistic warhead
would have to exceed the AMM mazneuver capability (greater than
20 g below 100,000 feet) either for a2 considerable time or 2t 2
rather precise moment (two to four seconds before intercep:) to
degrade kill probability appreciably. The cost of the former
would appear excessive in payload compared to other uses that
might be made of it, and the latter (which might be accomplished
by a drag skirt) would have a low probabllity of occurring at

the proper time.

Decoys

Q. Chaff; balloons, and most tank fragments are-z class of
Gecoys called light decoys which cannot be expected to deceive
atmospheric slow-down discrimination, but may be effective
against out-of-atmosphere discrimination: Chaff would appezar to
be the poorest of these aerodynamically as well as from a radar
signature viewpoint, in addltion to having unsolved problems of
dispersal out of atmosphere. Tank fragments can be obtéined
relatively easily, but probably can be discriminated out of
atmosphere. Ballcons have only a2 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 natch the ballistic coefficient of the closes:t feas-
ible nose cone, and at the same tine exhiBit comparable radar cross

section out of atmosphere, the relatively restricted numbver which

L/UM Enclosure "D"
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can be included per warhead, plus the possibility that other re--
entry phenomenalo may still allow .them to be discriminated, make
the more expensive multiple or cluster varhead a possibility.which
must be considereg, especlally if_industrial areas or population

rather than hardened bases are the targets.

1. In attempting to assess fechnical characteristics of future
enemy threats, 211 positive intelligence information ang such as-
pects of the enemy's problem as are different from ours should be
considered in order to avoig simple mirror-imaging of our own of-
fensive desvelopment program, It is generally believed that if an
attack were initiaztegd by an enemy he would give high priority to
striking our offensive forces, and it seems rezsonzble that in any
event he would desire to stockpile missiles capable-of the~accuracy
required for this., Since the Russians appear to have had a more
leisurely approach %o the solution orf re-entry problems, and are
known to have experimented with ablating nose cones, their early
nose cones could be of the ablating type with fairly high ballis-11
tic coefficient (say B = 700) coming in at relatively high angles‘*
(around 45°), This migﬁt be the only type developed in order %o
obtain large stockpiles more quickly, On the other hand, if Rus-
sian psychology leads to the development of nissiles primarily for
ﬁlackmail or retaliatory purposes, fast re-entry bodies might seem

advantageous only in case they were expected %o encounter ballistie

10/1n thls arez particulariy {re-entry gas-Gynamic phenomenz includ-
ing dissociation, ionizaton, radiation, and plasma effects)
present knowledge is incomplete, Preventing a clear picture as
to whether the complicated pPhenomena tzking place in the region
below where balloons burn Up can best be utilized by the offense
or the defense, Fundamentally these bhenomena would seem to
complicate the offense's problem by providing further Parameters -
which must be matched between decoy and nose cone, some of
vhich may be difficult t8 matgh between unequal masses,

11/The higher angles (30-60 3 237 1s minimum energy trajectory for
a 5500-n.mi. ICBM) and "slicker" migsiles (B > 200) give 1less
time for terminzl defense action and less error from terminal
atmospheric conditions, However, higher angles glve longer
total flight times and more warning from BMEWS-type systems.
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missile defense of pOpulation:lg/ In any event, threats No, 1 aznd
No, 2 of Tablg I aﬁpeaé to bfacket,the reasonably expecteé values
for nose cone ballistic coefficiepts. In our models we shali con-
sider each of these limiting valués for ICHM's and shall choose
for IRBM's an intermediate velue of 8 = 700 with 2 radsr cross
“section ¢ = 0.1 mz. In both IRBM and ICEM threats we shzll con- -

sider two possible re-entry angles -- 221% zng 5s°,

12. Having established the primary perameters B, g, and re-entry
angle for what we shall call Threat Models A (slow re-eniry 5500~
n.mi, ICHii), B (fast re-entry 5500-n.mi, ICBM), C (intermecdiate

re-eniry 1000-n.mi. IRD), znd D {intermedizte re-entry 200-n.ri.

$—r cf

IREBH, it remains to endow these with rezsonable countermeasure
capabilities, The enemy's cbjective is to provide éecoys fhat
must be [ired upon because they cannot be recognized, or to delay
the recognition of these to as low altitudes as possible, Perhzps
100 tank fregments of controlled size and'appreciable cross section
are obtainable 2t a weight penalty of 200 pounds (uncontrolled
fragmentation might cost 35 pounds), These probably will be used
with 211 Threszt 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 2 few bonus heavy decoys (e.g., motor znd
instrument components) which will survive’re-entry but which zlso
can probably be discriminated by radar signature. Thus with ZEUS
as designed, tank frazgments, etvc., would seem to constitute pri-
marlly a nuisance which would not decresse the elfective maximum
range of intercept (75 miles) if they can be discriminated by
radar signaturé beyond about 125 miles (for missile launch before

discrimination) or zbout 300 miles (for launeh after discrimination).

12/ In the absence of iIntelligence 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 a nose cone 1if there were zlso other objects with ballistic
coefficlents which were still nose cone possibilities, Tnis at
least partially nullifies the adventage a slow re-entry body
might be expected to have from the greater number of heavy
decoys which might accompany it. :

13/ We shall return presently to z cluster warhead threat Model E,
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They would, however, tie up the tracking radar for scme 2dditional
time, thus reducing the engagenent capacity under cerizin conditions
of sustained high density attack (see peregraphs 36-38).

‘ 14/
13. More serious in regucing unrestricted coverage and fire-

power wcoculd be the inclusion of balloons of 2 type whick could not
be discrimineted by signzsture. Since these could be discriminzted
by azerodymamic slow-cdovm 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 peragraphs 36-38). However, 1% is possible that a precursor
turst could lessen this degrzdztion considersbly by elther destroy-
ing balloons or imparting sufficient momertum to them outside the
atmosphere to enable their recognition as light decoys. Such bal-
loons might be obtained for two to five pounds each, including
ejectlon mechanisms, on zll Threat Mcdels, There would seem little
point to including more than 100 of these if properly dispersed,lé/
since this would probzbly be sufficient to accomplish as much =zs

a larger number,

14, Heavy decoys are made heavy by the requirenent for re-entry
survival as well as for approximztely matching nose cone aerody-
Damic slow-down and out-of-atmosphere radar 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 delzying recognition by aerodynamic
slow-down to lower zltitudes (EO0,0bo'feet for g =.20), and (R)
the hope of preventing discrimination even at low altitudes (for
B > 20). Vhether this hope can be rezlized depends on re-entry

cross section, signature, and radiation phenomena not now fully

18/ We shall use the term "unrestricted coverage" to refer %o
coverage attainable with lazunch after discriminztion (see
footnote 7).

;2/ Unless 1t seemed profitable to attempt to saturate the DDR
tracking capability in order to relieve the requirement for
heavy decoys to match 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 ﬁo a fair job of matching zero-
dymamic and radar characteristicé outslde the atmospnere, Ring,
cone, and dart shapes seem to be preferred, with weig@t estimates

- 15,°
for the best of these varying from 20 to 200 pounds. — Since the

rzdar cross section tends to decrease with increasing baliistic
coelficient f, and since some decoys with lower £ could be in-
cluded with high £ nose cones, the decoy weight penalties asso-
clated with high g ndse cones are perhaps not as grezt by com=-
parison with loWw B nose cones as might be expected. We shall
somewhat arbitrarily select for our Threat Models A and BV5O and
75 pounds respectively as the average weight required per heavy

decoy, including e jection mechanisms, safety and arming devices,

ete,

15. In the speculative area of the weight which might be devoted
to decoy countermeasures per ICBM, we need De nc mowe accurate thean
in guessing the weight per decoy, since the purpose of the estil-
mates 1is to allow determination of a reasonable figure for the
number of heavy decoys per nose cone ==~ a figure which probably
should be parameterized agzsinst weizht in any case, If we choose
2,000 pounds as the weighf allocated to decoys per ICEM, 600 of
thls might be allocated to balloons and tankage fragmentation,
giving about 20 and 30 heavy decoys per ICBM for Threzt Models B
and A respectively. For the IRBM space and weighﬁ are mare costly,
and by compafison about five heavy decoys for IRBM for Threaf
Model C appear reasonable, with perhaps twenty=five balloons. It
is empnesized thet these are purely illustrative capadbility esti-
mates based on untested pre-cdesign studies and an erbditrary welght

devoted to decoys.

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

I
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Cluster Warheads

16. Two possidble reasons for employing several warheads in.a
cluster would be to obtain an impact pattern giving more blast

amage and loczl fallou t casualties per tofel yleld ageinst soft,

- extended targets, and to provide an aWteﬂnat*ve or assist to decoys
in saturating active defenses. According to a2 pre-desizn stuly
by Convair,QZ/ to eject the warheads at any time other than alter
buraout and before separation while the missile is still under
vernler rocket control may prove excessively costly in welgnht,
complexity, and relilability, To solve the problems cf acecuracy
for individual wazrheads in a cluster lizy also prove difficuls,
rowever, even without these refinenents, the advantazes of

ciuster warheads cgainst a saiuradie defense Systel may e con-

siderable.lé/

17, On the basis of tested warheads and an over-zll weight
allowance of 2000 pounds, DASAEE/ gives the estimates shown in
Table III as being within U,S8, capability to develop now, In

these estimates it was assumed that the nuclear system welght

should not exceed approximately ! “ the total allowable
cluster warhead weight in order to permit inclusion of materizl
'required for aerodynamic shape and re-entry body pProtection,
Necessary auxiliary devices are included; neutron shielding or
provision for re—entfy attitude control are not, With no further

testing, it 1s projected that the yield of the XW-54 could be

# with the accompanying numbers in Table III

I e

increased %

remaining the'same; With further testing, future possibilit&

-

it

3
-

estimates range to {i

7/ Semi-annual Technical Summary Report, 1 December-31 Mzy 1939,
ARPA Order No, 37-59, Air Force Contract No. AF 18 600§ 1343,
18/ These are bought at a price of fissionable mater*al 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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capabilitlies for 2000 pound total weilght, These represené about
the maximum nuclear system yields per unit weight which may be

expected wlthout a major scientifie breakthrough. In all cases

(with or without further testing) approximately twice the indiceted
number of sub-warheads could be achieved for 5000 pounds total |
welight,

TABLE I1X

DASA ESTIMATES OF POSSIBLE SUB-WARHEAD COMBINATIONS FOR A
2000 POUND CLUSTER WARHEAD WEIGHT USING TESTED WARHEADS

Number

Sut-varheads/Clusier Tvpe Weight® g;g;gé/
3 | 410 b
3 42/ 325 Idb
7 , : 205 1b
6, 142/ XW-54 50 1b

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

it might be reasonable to asecribe to them an operational capability
oy the time NIKE-ZEUS becomes operational similar to or greater
than that given in Table II -- greéter if their missiles were
cepable of supporting higher payloads, ring the 1965-70 period,
they could probably realize a cluster warhead with ten sub-
warheads of 200 #T yield each, This we shall designate as Threat

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

Electronic Countermeasures and Camouflage

19, Although side-lobe Jjamming of ZEUS-type radars from zirborne
Jammers within line-of-sight would be technicelly feasible, it

makes llttle military sense in view of the desire to breserve the

surprise element which is one of the most attractive attributes of
ballistic missile attack, in view of the uncertainty of survival

against alrecraft defense, and in view of more profitable missions

~EECKEp=e— Enclosure “"D"
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thet surviving eircraft might perform, Jamming without line-of-
sight access is impractical, Hence, to be most effective,'ECM
efforts will be confined to jamﬁing from the nose cone or accom-
panying decoys, Although problems of weight, relizbility, and
complexity seem to favor decoys over ECHM as a penetratior zid, ECH

in addition to decoys might be included in advanced threzts.

- watts at X-band, it =~
appears that the Jjammer would have to be within a few hundred feet

21/
of the ZEUS missile to hold off burst order or cither commands.

Thne cistance between the jammer and missile would actually be about

: feet at the time of reception of burst command from the MTR
because of the fixed delay in the burst circuit. Thus jarminz the

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

21. Jamming of forward and local acguisition radars, because of
thelr tunabilif{y would require either barrage jarming or automati-
cally tuned spot jammers to cover - . Since either the
forward acquisition or one of perhaps seversl local acquisition
radars can furnish zcguisition data to 2 firing unit, it is un-
likely that all available acquisition data sources could be
similtaneously jammed. ZEven if it wgre, angle information on the

Jemmer could still allow the TTR to acquire,

22, The TTR will rely on pulse-to-pulse frequency shift over
the entire 5250 to 5750 meps band to force barrage Jamming over
this renge, The TTR's chiefl contridution to decoy discrimination

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

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

21/ In the atmosphere, this distance might be decreased further
by attenuation by the ionized surroundings of the ICBM, or
by impairment of the efficlency of the radiating device by
re-entry effects,
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tracking the jammer. ~To allow full range intercept, the.TTR need
overﬁome the jamming at a mindmum range of 125 miles (provided the
DDR functions normally); this could be done against a 200-watt
Jammer (0.4 watts/me) for a 0.1 me cross section target. If re-
entry discrimination {(with attendant restrictions on coverage and -

firepower) were reguired, the jammer would have to exceed 2000

watts 1n order to lower burst altitude, if indeed the prodlems of

survival and radiation through ionized layers on re-entry could be

solved,

23. Enemy jamming probably could realize its meximum e’fective-
ness when directed against the DDR. This is expected to employ
initially a2 20-megawatt, 20-microsecond transmitier {zveraze power
LO kilowatts) in the 1270-1400 mcps region, with capability of
eventual increase to 60 megawatts and 60 microszconds (range reso-
lution of better than 40 yards by Chirp technigues)., As the decoy
cloud decreases in range, the beam width changes from 5° to 20° to
maintain a 25-mile diameter field of view., To attain full 75-mile
coverage, this radar is required to overcome jamming at & 350-mile
range for launching after discrimination, and at 175 miles for
launching before discrimination. Pulse-to-pulse frequency change
is employed, and again interference with re-entry d;scrimination
may be difficult because of jammeyr radiation problems in this
region.gg/

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

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

22/ One tactic 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. Ansther
longer lead-time CCM might be development of a phased-array
antenna to allow use of multiple narrow beams for the DDR., If
thls same antenna could perform the functions of the TTR's and
MIR's, appreciable improvements in simultaneous engagement
capeclity might result,
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required to further hamper the defense might be impractical. Ir

effective solutions to the out-of-atmosphere decoy precblem become
available, cevelopment and use bf ECM would appear prcocfitable to

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

25. Related to ECM in that 1its purpose is-also to reduce effec-
tilve rader range i1s the use of camouflage naterial ta decreazse the
radar cros§ section., BSuch materizl cannot be expected to survive
re-entry;gé/ 1ts welght penalty would be less at TTR freguencies
than at DDR or LAR and FAR freguencies (MTR's treck & beacon; FAR!'s
and LAR's may track decoy clouds). It could give appreciable re-
duction (10vdb 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 Glscussing
Z2US cepabllities, since these are more pertinent to the end-game,
and since with careful shaping (nst inconsistent with obtaining
high B) the side-azspect cross sections 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-zspect cross
section over that obtained by careful shaping and zssumed in Model
B. Since range decreases only as the fourth root of cross section,

1T does not azppear likely that the obtazinable reduction in TTR or

DDR range would seriously degrade the ZEUS system,

Effects of Nuclear Burs:ts

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

and reflectlon effects which could degrade ZEUS performance. The

<3/ In normal course of development we may expect modifications in-
creasing ZEUS radar powers, particularly if its anti-satelldite
capability were t0 be developed and implemented,

24/ There may be problems of survival at launch for lower frequency
camouflage, -
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rellability of prediction of fhé magnitude and duration o7 these
effects has been greatly impfoved over the past year as 2 resuli of
clarification of theoretical interpretations and comparison with

incomplete experimentzl data from tests. However, until gaps in

experimental knowledgé are filled, and further clarification of the
relative importance of the contributions of various phencﬁena at |

cdlfferent altitudes in establishing electron concentrations 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 2 valid reason for accepting either as being precise o better

than an order of magnitude, considering the range of phernomena

involved.

27. In view of the uncertainty of the basic dafa from.which efl-
fects on the ZEUS sysiem must be caleculated, a2 logiczal approzch
might reverse a cause and effect calculation procedure to set up
first the effects which can be tolerated, and then see now the
estimated effects compars with thesse (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 fluctuaztions of these, At present it is con-
sldered by BTL that blackout probably represents the most serious
of these, All effects decrease with the square of the frequency,
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, 2 criterion has been

used consisting of the distance sver 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-
lished track without loss of track. It would decrease initial
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detection range by 44 per cent; however, during 10 seconés the ICEM

will have traveled only 40 miles), znd initial detection range will

than rapidly increase. A lapse of acquisition data for this time

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

terpretations of data, BTL calculatez that a ZEUS burst
250,000-foot 21ltitude would create z 25-mile maximum distznce for
10 &b attentuation (two-way) at 10 seconds, and an 8-mile distance . -
at 125,000 feet.26 Above and below these altitudes the éffects
zre belleved to decrease in magnitude and/or time. These distances
correspond to angles betwesn 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 deployment a target
would have to be blacked out from at lezst a FAR and LAR (separa-
ted by roughly 500 miles) simultaneously to prevent zcquisition,

anéd in most cases from severzl LAR's as well,

29. The same sort of data indicate that a TTR with its normel
time constants probably would have no d&ifficulty 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 a mile from burst, and the target will have moved & 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 too high to give this effect. Bursts in

22/ Acquisition should Take place at minimum ranges of azbout 125,
200, and 275 miles for re-entry discrimination, out-cf-
atmosphere discrimination, and precursor burst (if done by TIR
terminal guidance), 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 (aceording to present knowledge).

26/ These distances will have shrunk to the order of 2 mile after
100 seconds,
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the region from mid-intercept to maximum ranges would exist if
extra-atmosgherid diécrimihaticn_had been successful, but TTR's
(not susceptible to dlinding) would already have been 2ssigned to
other warheads in the clougd, if any. There is a chance that extra-
atmospheric discrimination of at least parts of a following cloud
could be interfered with for a time of.the order of 10 seconds
(objects would traverse the L-mile distaznce in 2 Second). In de-
ployments of more than one firing unit this could be minimizea by
assignment doctrine, If the initial burst had to await re-entry
discrimination, again it could not interfere with discri:ination
within the cloud, but might delay out-olf-ztmosphere discriminztion
of a following cloud appropriately timed and positioned. If extra-
atmospheric discrimination had not sufliced for the first cloud, it
might not also for the second., In this case only an appropriztely
positioned close-following cloud {szay the order of 10-seconds
separation) would be in danger of evading diserimination due to DDR
blackout, and this might be_avoided by proper firing unit assign-
ment., I only one firing unit were available, then the 35-second
recycle time of a TTR-DDR combination which we use in‘a later
section to ar:ive at engagement cepacities might in some czses be
increased To perhaps 50 seconds, with corresponding reduction in

steady state engagement capacity.

30. Ray-bpending phenomena seem to have received less attention
in general than blackout phenomena, The LAR pointing error from
this source can be up to 5 mils (0,3°) before requiring a2 search
by the 10 mil (0.6°) TTR beam when locking on 2 éingle object. A
decoy cloud Subtends mach larger angles, and which object tﬁe TTR
locks on initially i1s not important; however, since the TTR beam
subtends only 3 miles at 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 (2.50) by employing the 50 DDR beam. Thus there seem to be

Aot W
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w2ys of solving ray-bending effects on the acquisitiorn provlem to

the extent that blackout as discussed above then becomes the

bottleneck.

31. The other possibility or'degradation due to ray-bending

stems from the differént frequencies of the TTR (5500 meps) and

R (9000 mecps). Since the square of the fréquency ratio is
roughly 3, the final errorgZ/ due to the different bending of MIR
and TTIR rays will be about 2/3 the larger deviation (that 57 the
TTR). At the maximum range of 75 miles the ZEUS system is expec-
ted to have & miss distance standard deviation of 150 £t (compared
to & kill radius of 800 ft against & shielded warhead). It would
thus seem desirable to limit the eror introduced by ray-bending to
about 150 ft or 1/3 mil, thus allowing a TTR ray-%ending of zbout
1/2 mil (0.03° or 1.7'). Present calculations seem to indicate
thet ét these altitudes the TTR bending will be less than this
value, but further consideration of the effects of B-ray concentra-
tion by magnetic Ilelds 2t high altitude 1s needed. In genersl, it
ls expected that position errors resulting from path-length varia-

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 to location. Perhaps the most ARGUS noise might
reasonably De 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 operaztion

27/ If both TTR and MIR rays were bent the same amount, missile
and target would be brought together by the commend system
with no final error resulting from the equal deviation of the

beams,
firne/ -
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Or range accuracy) and possible system effects (e.g., interference
with track-while-scan or analytic prediction) from the tfansient
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 NiKe2-ZEUS Irom its own bursts. We would not expect such
high-zltitude bursts from enemy warheads unless it were with the
dellberate intent of degrading the active dsfense (or some other
rilitary system depending upon electromegnetic phenomena).gg/
Although the enemy surely would use higher yield bursts than that
of the ZEUS warhead for such purpose, still the precise timing
which appears fo be required to make such & tactic effective, and

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

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

35. In summary, 1t appears that nuclear effects as presently
estimated would result in only moderate 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 fzirliy large uncertainties of
data and interpretation, being based on & 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 confidence regarding ZEUS effectiveness
in a nuclea: environment must await results of further high-
altitude nuclear tests., Conslideration is being given to increas-
ing the FAR and LAR freguencies, should the effects prove more

serious than anticipated,

25/ Pointing out that 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. It 1s pertinent
here that high-altitude bursts against other systems would
1ikely have 1little effect on ZEUS defense,
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ESTIMATION OF ENGAGEMENT CAPACITY AND COVERAGE UNDZR COUNTER-
FMZASURE CONDITIONS ’

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 assumptions as to kill proba-

bility and salvo size will allow various measures of defense effec-
tiveness to be applied. Early BTL studies considered engagement
capaclity Irom the standpoint of "multiplex" operation wherein the.
virtually unsaturable local acquisition radar furnished data for
early missile guldance and the TTR's were required to track for
nly about 12 seconds immediately befors intercept, giving & maxi-
mum TTR recycling time (including slewing to target, ete.) estime-
ted as 24 seconds. Thus, with 3 TTR's per firing unit, an inter-
cept could be made every 8 seconds. By permittiné interéepts at
maximum range on down to a minimum altitude, 2 certain number of
ICBM's {up to perhaps 9, depending upon thelr ballistic coef-
ficients and upon how much of their trajectories lay in the field
of fire) arriving simultanebusly could be engaged., As the time
spacing of ICBM's was increased from zere (simultanesus) to & sec-
onds (corresponding to the maximum-steady state engagement rzte),
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 altitude) increased (from 9) to the limit imposed by the
number of available missiles, In addition to carrying out a2 repre-
sentative trafflc analysis to determine these numbers, these
studies alsc gave an approximate method for determining the expec-
ted number of ICBM's engaged in the practically important case of
attack by a fixed number of ICBM's normally cistributed with a
given standard deviation in arrival time.gg/ Perhaps the easiest |

way to lmprove on this approximation method and to establish confi-

dence limits would be Monte Carlo sampling with a digital computer,
One approach in thig directlon is discussed in a following section.

29/ An example typical of such calculations gives a firing unit
engagement capacity for 29 missiles in a Gaussian attack of
one minute standagd deviation,

; P /
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37. Such early studles ignored iight decoys which would reduce
maxirmum range (this might Be Justified for low re-entry angles and
launch before discrimination), and assumed that heavy decoys would
have to be engaged, thus dilutiﬁg the effective engagement capacity,
Later studies clearly recognize the complications which decoy
countermeasures could introduce into the multiplex mods of opera-
tion as & 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 decocys which have to be engazed on the other,
Obviously a traffic analysis of n ICBM!'s normeally disiributed in
errival time, each accompanied by decoys, becomes a complicated

ffair, However, approximate analyses can still be made for the

W

simpler cases of sirmltaneous arrival and constant rate (steady
state) arrival, and something can be sald about cases of nearly
simultaneous arrivezl., For these purposes it 1s convenient to dis-
cuss separately the following two cases: (1) ZEUS Models A and B
(these are considered together because they have similér engage-
ment capaclities and coverages with respect to objects fired on --
they differ in that Model A will waste missiles on some heavy de-
coys, whereas z successful Model B will not), and (2) ZEUS Model C
with precursor burst discrimination (or other disc:imination means
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

diserimination will be discussed as a matter of interest and a

- simpler starting point, glving a lower limit 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 tracking for-

SASRA
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discrimination, with the remzinder being determined by the time
of flight of the salvo tc intercept, For heavy decoys, intércepts
can be made out to 10 to 25 milés radius, with the larger 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
{around 200,000-foot altitude) that only with slow re-entry
bodies, if at all, can the TTR's be used more than once against
simultanesus decoy clouds to intercept at acceptable altitudes.
Thus 2 minimum simultaneous engagement ceapacity of three is
indicated for =z standard firing unit. However, there is =
separation time, less than the recyele time,ég/ for which objects
following the initial "simultaneous" group can still be inter-
cepted above minimum acceptable altitude of intercept (often
taken to be 30,000 feet). Thus for "nearly simulizneous" 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 a 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 diserimination,
time of launch and trzjectory can be selected so ;hat, for the
latest expected discrimination time.of the nearest object in &
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 altitude. This latter time is thus
dependent upon a traffic analysis as well as ZEUS and threat
model characteristiecs, It 1is important in calculations assum-
1ng a distribution of arrival times, and we shall denote it as

engageable" time v,
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will have 15 seconds meneuver time after discriminztion znd before
possible intercept of the object;'assuming it had infinite balilis-
tic coefficient (no slow-down).  The 15 seconds will alliow coverage
of 2 cloud of zt least 25 miles diameter anywhere within the 75-
mile maximum 1"ange.‘| For actuazl warheads of finite B, comevwhat
more than 15 seconds may occur between discrimination ané inter-
cept, allowing & slightly larger coverage and higher intercept

(Gepending on geometry).

Lo, Recycle time for this normel situzstlon would be zbout 32

-~

r different from thet of

seconds (5 + 4 =+ 8 + 158), cor not grestl
tne launch zfter discrimination case; in fact, for most threzts,
the two cases are the same in the "unrestricted" area around the
battery. Thus zgain there would be no opportunity for a second
chance at objects in a simultaneous threazt except perhzps for slow
re-entry bodies or IRBM's (especially at low angles). Again there
is a "reservoir” time which determines how nearly simultaneous

the threat must be before & nearly simultaneous engagement czpacity
of six can be achieved, The steady stzte 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 peerly simultaneous engage-
ment capacity of six, as well as the above steady étate rate, are
dependent upon restricting salvos to less than three mlssiles or

increasing the MTR:TTR ratio to allow multiplex operation,

EUS Model C

41, A ZEUS Model C which could successfully discriminezte decoys
outside the atmosphere using rader 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

31/ Lxcept that when these coverages are on either flank of the
firing unit, they are sqgueezed in the flank dimenslon,
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studies for the case of no decoys. It would fall shor: of these
in an extended high-level attack, however, to the extent that
“tying up" the TTR's for decoy discriminetion outside the atmos-

rhere increased the average recyecling time. For a less extended

or simultaneous attack in which all decoys could be discriminated
by the time it became necessary to use the TTR for final tracidng

‘ 32/
belore 75-mile intercept, the engagement capacities zné 75-

. 23/
mile coverage radius of the early studies couid be realized.J
We have seen,however, that such discrimination methods probably

can be defeated by balloon decoys.

42. 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 agaiggbe—
cause discriminetion could be accomplished beyond the range;b/re-
quired to assure 75-mile maximum ranze intercept, allowing the TTR
fo achieve z recycling time of 24 seconds (uncomplicauéd oy further
discrimination regquirements) to be embloyed over a time "reservoir”
determined by the time required for the simultaneous objects to
trzvel from altitude of initial engagement to minimum acceptable
intercept (with multiplex operation to place missilés in proper
trajectories prior to take-over by guidance from TTR datza). The
steady state engagement capability would agsin be comparable to

that of the preceding paragraph, assuming that the finzl TTR

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

: the lesser speeds in the IR®M case.

-3/ This again assumes adequate MI'R's (depending upon the number
of missiles per salve) to allow multiplex operation.

L/ Precursor burst is possible to 400-mile maximum range of mis-
slle. As in footnote 31, it might be required out to 125 or
300 miles. For ICEM, 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-

crimination.time is comparable to that of the radar signature
alone case, However, it 1s 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 effectively

without waiting for re-entry discrimination.

ZEUS Model D

43, As long as re-entry phenomenz constitute the mos:t reliable
sources of discrimination, it would zppear reasonable to use out-
of-ztmosphere techniques (including precursor bursts) in the
initial stage of an attack (before re-entry phnenomena are avail-
able). Thereafter, these out-of-atmosphere technigues might be
used only whenever TTR's were not tied up with re-entry dis-
crimination, unless the initlal 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 matched in but not out of the atmosphere),.
Assuming that the out-of-atmosphere dlscrimination leaves enough
undiscriminated objects that we must await re-entry discrimina-
tion before committiing missiles to targets, the chiefl advantages
of Model C would be to eliminate decoys which might not be A
ellminated by Models A or B. This 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 composite use of

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

Model D,
fv': '
(1
Z/ML |
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RIPRESENTATIVE NIKE-ZZUS SIMULATION MODEL
L, Having discussed the generzl behavior of severzl ZZUS
capability models as related to several threat models or types

of threats, we can now select a simulztion model of the KRIKE-

<ZUS firing unit in action ageinst incoming enemy missiles ard
deceys with some confidence as to its appliéability. It would
hzve been more satisfying to have carried out more extersive and
brecise calculations for a number of the interesting situstions
defined in the preceding sections, but for the purposes of this
project the discussion given is perhzps sufficient to zllow the
selection of parameter vealues for 2z simplified simul:ziicn model
which can give a rezsonzble approximation as to realistic

behavior as well &s it can now be foreseen.

45, Tne simulation model assumed has been coded for the IRN-
€50, using a2 random sampling procedure. It applies to 2 number
of incoming enemy missiles{ ezch with or without non-discrimineble
decoys (for the case of decoy clouds), or each consisting of
one or more warheads (for the case of cluster warheaéé). Arrivel
of a single missile and its decoys, or of the elemenis of =
single cluster-warhead missile, is assumned simultaneous. Missile
arrival times are assumed to be 2 random sample from a normal

distribution.

4€, The following three constants are assumed for the system:

a., Recycle time p, This is the average minimus time
required by the TTR (and siaved DDR) between successive §a1vo
intercepts, and includes slewing, smoothing, tracking for dis-
crinination and analytic prediction, and delay between indi-
vidual missiles of a salvo.

b. Engageable time v, This is the time during which a

single warhead or non-discriminable decoy can be engaged,

beginning with earliest possible intercept (considering

Enclosure "DV
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d;scrimination“decision§rwhich must be made), and ending with
attainmenﬁ of 2 minimum acceptéble altitude, Detezilec applica-
tion would require what has Been referred toc previously as
treffic aznalysis (including position and specification of
enemy trzjectories); for our purposes we have used z constant
velue of v, |

¢. Standard deviation of arrival times o. This is the

standard deviation of the normzl distribution of zrrivzl times.

L7, The simulaztion then exemines =z lérge nunber of samples of
randon normel deviates of a given size to determine the propor-
tion of samples in which 2 penetration occurs. Peneiration
occurs when a missile, or portion of the elements of & missile
(e.g., 2 warhead among severzl non-discriminable decoys), is
engageable for time v but is not engaged. ZIZngagement of a
missile element occurs 1f the time of arrivzl of the element,
plus engageable time ¢ is not less than the time of the last
previous engagement plus recycle time p for all TTR‘s_of the
firing unit. No tracking time is assumed to be expended on =z
mlssile that cannot be engaged. In view of the zpproximetion of
constant ¢ (which zctually varies with coverage), and the fact
that whether their coverages overlap or not, all fire units of
& Local Defense Center will be controlled from that center, it
seems reasonable to treat penetration of coverage of several fire
units a&s simply involving the totzl number of TIR!'s conirolled

according to the same engegement rules as for z single fire unit.

L8, 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 fuﬁction of sample size
(number of attacking missiles). Orce 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 VARIOUS SIZES
Or MISSILE ATTACKS, WiITHOUT CLUSTER WARHEAD
OR NON-DISCRIMINAZLE DnCOYS, & 32 TVERY

FIGURE 3

PROPORTION Or PENETRATIONS FOR VARIQUS SIZES
r MISSILe ATTACHKS, WITH 3-rLeizZNT CLUSTeR OR
2 NON-DISCRIMINABLE DECOYS, AGLINST ON: EAT =Y
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PROPORTION OF PENETRATIONS FOR VARIOUS SIZES OF MISSILE ATTAC KS, WITHOUT CLUSTER WARHEAD OR
NON-DISCRIMINABLE DECOYS, AGAINST ONE BATTERY

Normal Distribution of Incoming Missiles

Estimates and Estimoted One-Sigma Limits Shown
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LG, In this project, values of & - 1 minute, K - 30 seconds;
and U = 12 seconds have been chosen to illustrate results of

various attacks. This value of o is fairly insensitive to

threat characteristics, and is probably quite realistic. The

vaiue of v (taking minimum acceptable altitude as 30,000 feet)
appears to be a2 gross avera.e over possible re-entry erngles for

a slow type warhead (Threat iodel A) or for IRE{'s (larger

values might be obtained for the shorter range IRFi's). For
intermediate and fast warheads, the value of v would only be
several seconds; however, the approximztion of constant valiue

of 1 is very poor in these cases both because of variztion with
re-entry angle and variation between the arees adjecent to the
fire unit and the area further removed toward méximum range.

For this letter area, it is even doubtful that intercep:c can

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

not mzade the necessary calculations to determine this. It should
perhaps be recalled that, in ordsr to be realistic, we have
giﬁen ZEUS out-of-atmosphere decoy discrimination facilities no
capability 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 5= 1 minute, K = 30 seccads,
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, 90 per cent probability

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

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

2 warhead arrives simultaneously with two undiscriminated decoys)

Enclosure 'D"
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&0 per cent probability of penetration'of at least one warhead
is achieved with 5 missiles. For these cases the "price” is
defined as 16 and 4 respectively, these being the increase in

cost (in number of missiles) of 90 per cent penetration probability

which 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
technigues, to give 90 per cent penetration probablility,

corresponds to a price of 27 missiles.
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TABIE IT
PROBABILITY OF ACHIEVING 5 AND 100 PST AT ATM PCINT

{SURFACE BURST)

Standard Deviation Probability of Probabllity of
of Delivery Error Yield - 5 psi 100 psi
1 MT .95 14
2 MT .92 - . .21
6,000 Feet i D 10 ' a2
8 MT 1.0 45
1 MT .54 G4
2 MT .68 ol
12,000 Feet T a7 10
8 Mo .95, 14
1 Mr .30 .01
. 2 MT A2 .03
18,000 Feet TR 55 ol
8 M7 15 07
1 MT .19 .00
2 MT . 27 .01
8 M .54 .04

i
NIKE-ZEUS system will not be penetrated by the i-th incoming

:6) 26. Let us suppose that P, is the probability that the

enemy missile, for a given NIKE-ZEUS firing doctrine. We ales <.

[

j=- ( :.o)_]‘.?«:

suppose that penetration is equivalent to destruction of the

NIKE-ZEUS site., We have Pi = .992, or 96 or 80 if the i- t

-7
A

[1-Ce)s
NIKE-ZEUS szlvo is a 3-, 2-, or 1- missile salvo, respectively.

' ,26) R
Then  Probability /“shoot exactly k NIKE-ZEUS salvos 7 = ProbL Gk
bility ZT} th enemy missile penetrates and no previous miseile 1-(833-4r~

penetrates / = (1 - k) (Pl o e -l) where we recall that”’;];‘——h_q

the values P, depend on the firing doctrine chosen. The . W r%-é%ﬁ

.r.) M} ?' '
. !
° [ ] 'r—;. CJ‘UJJJ{V .
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expected number of salvos fired by NIKZ-ZEUS is then .

ok (Pl"'Pphl) (1 - P,) where ‘X is summed over 21] >,

1.

for which Py # 0, that is, to the point where all the niizsilas

gre fired,

(6]
O
3
[¢1]
ct
o g
[4))
ct

¢ 7. Suppoca that the firing doctrine chosen is th

will maximize the value of s for which P {..PS % .10, that is, s

1
doctrine me Ximizing the cost to %he enery of 9C per cent zssurance

‘of Jenetration, This doctrine will require the use of ¢t lezst
L7 0f the supply of 30 missiles in the first s selvos, zs u“own
celow, Lei ?k = 2-7,2) k, where ik =1, 2, ¢ 3, We wilil cssume B
1-(.2)3 =1, and consequently, for the desired maximum valuec ~

0
of s, if Py....P_ 2 .20, then Pl""PS'l z .10, P .~ = 1.0
S 1 .

c4l = 3). Conseguently, we may supposs & i, 42,
[ — k " L3

-
Also, we suppose iJ < j.}r for j & k, since we wish to keep

the probability of penetration with k missiles as small as

possible within the confines of the firing doctrine,

S 28. We obtain then Po.ooPg = (L992)° (.96)°7P (L§)57C 2 |10,
where 3b+2(c-b) + (s-¢) Z 48, We fire b salvos of 3 missiles
eacn, then c¢-z salvo of'E missiles each, and s-é salvos of

1 missile each, A little hand calculation with this formulea,

hsing Table III, shows that the maximum number of enemy missiles

required to obtain 90 per cent probability of penetration is 28, \gﬁ

The [iring doctrine consists of 22 salvos of 2 missiles each
and 6 salvos of 1 missile ezch, The pro 2bility of penetration
in the {irst 28 shots is 1-(.96)22 (.8) = .90 The probe-
bility of penetration on the 29th shot 1s 1,0, because no mig-

siles remein to be fired.

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

number of enemy missiles reguired to obtain 50 per cent proda-

bility of penetration, z 1ittle hand calculation from Table TII

.5 “\1

I\)_,.x-.nw-"l-ll
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shows that we must use 6 salvos of 3 missiles, &nd 16 salvos
of 2 missiles. Again, the total required for 50 per csnt and
100 per cent Probability of penetration differs by one, being

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

trine maximizing the number recuired for 90 per cent probability
of penetration is chosen, then 30 per cent >robability of

penetration is achieved with the i7th enemv missile.

TABLE ITT
VALUES OF xX FOR VARIOUS x AND X

(.992) ¥ .95 ¥ . (.8)%

k =121 .992 . G6 .8
2 .934 .02 Lol
3 .976 .88 .51
4 963 .85 JAaa
5 .96 . 315 .33
6 .95 .78 _ .26
7 L9453 .75 .21
g .94 .72 .17
e .93 . 69 13

10 92 .66 J11
11 915 .64 .03
12 91 .61 .07
12 90 .59 06
14 89 .56 . 045
15 .89 .5k .04
16 .38 .52 .03
17 .87 .50 .03
18 a7 U8 02
1 , 86 46 .01
20 .85 Ly .01
21 84 42 .01
22 .84 A1 .01
23 .83 .39 .01
24 .33 .37 ‘ .00

;1 30. Whieh, if any, of the three firing doctrines examined
hére might be chosen by a NIKE-ZEUS battery could depend on

i ‘
gﬂz&f L %WiwﬁAE; Enclosure "C"
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will maximize the value
goctrine meximizing the

¢l penetration.

(e LA,

1 s
(i.e, iciy = 3). Conse
Also, we suppose ij < i

fir

of

cost to the enemy of 90 per cent zssurs nee

ing doctrine chosen

s for which P

ol the supply of 50 missiles

l.-.

o .
L2rs5T 5

may Supposs

then
cly, we
for j %= k,

possitle within the confines of

S 28. We obtain then P ouuP =
z 48,

3b+2(c-b) + (s-¢)

where

the

(.992)P

We fire

that is, to the point where 2l) the missilas

is5 the onz2 that

Fs

This doctrine will require the use of ¢t

selvos, &s

x
—

7

mayim

e

P

¥

s+1
>4z,

lezst

chown

We wilil sssume
mam value

= 1.0

since we wish to keep

missiles as small as

(.96)C_b (.S)S_-c

b salvos of 3 missiles

each, then c¢-a salvo of 2 missiles each, and

1 missile each,
using Table III,

S-C

2

selvos of

A little hand calculatisn with this formula,

shows that the meximum number of enemy missiles

required to obtain 90 per cent probability of penetration is 28,

The firing doctrine consists of 22 salvos of 2 missiles each

and 6 sz2lvos of 1 missile eazch,

in the first 28 shots is

The probabilit

22
1—(.90)2
bility of penetration on the 29t

siles remzin to be fired.

w*

number of enem3 missiles require

(.8)° = .90

%,

¥ of penetration

The probz-

h shot is 1,0, because no mis-

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

d to obtain 50 per cent probda-

bility of penetration, a little hand calculation from Table III
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snows that we must use 6 salvos of 3 missilez, &nd 16 salvos
of 2 missiles, Agein, the totzl required for 50 per cznt and
100 per cent probability of penetration differs by one, being

22 ang 23 respectively. We might note that i1f the firing doe-

trine maximizing the number recuired for 90 per cent probability
0f penetration is chosen, then 30 per cent Probability of

Penelration is echieved with the 17th enemv missile.

TABLE III
VALUES OF x¥ FOR VARIOUS x AND k
(.902)¥ (.95 L8k
kK = 1 .992 .56 8
2 .984 .g2 .ob
3 .976 .85 31
4 963 .85 41
5 .96 . 815 33
6 .95 .76 26
7 945 75 .21
& .04 .72 17
° .93 .69 13
10 g2 .66 .11
11 .915 .64 .09
12 91 .61 .07
13 90 .59 .06
14 .89 .56 . 045
15 .89 .54 ' .04
16 .08 .52 .03
17 .87 .50 .03
18 87 JU8 02
2 .86 46 01
20 .85 Ly .01
21 .84 L2 01
22 .84 RIS .01
23 .83 .39 .01
24 c3 .37 .00

g} 30, Which, 1if any, of the three firing doctrines examined
hére might be chosen by a NIKE-ZEUS battery could depend on
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the estimate made of the enemv's intentions, as well as on the

nature of the target.

31, If the target 1s soft fof_example, and it 1is estimated
that the number of missiles that will be sent against the target
is smell, salvos of three missiles may be used., If it is thought
that the enemy wishes to insure penetration of the target, and
will devote 2s many missiles as necessary to that task, thasn
a8 salvo scheme similar to the one maximizing the number of
enemy misslles necessary to achieve 90 per cent probability of

penetration could be chosen,

uw 32. The expected aim point of the enemy missile is alsc a
factor., If the targets protected by NI¥E-ZEUS are hard, znd
the Iincoming enemy missiles are not a2imed close to Vilnerable
portions of the NIKE-ZEUS battery, then the firing doctrine of
one NIKE-ZEUS missile for each enemy missile might be chosen

to maximize the expected effectiveness of each NIKE-ZEUS ris-
slle., Because of this tactic, if the targets are numerous,

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

the battery to insure a high provability of penetration and

destruction.

33. The analysis in this section has ignored the possible
enemy capabllity in decoys, cluster warheads, and closer spazing
of incoming missiles to attempt traffic saturation, and repfe-
sents an upper bound on the enemy's penetraticn requirements.
Attempts to achieve traffic saturation esuld greatly reduce

this bound.
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34. Enclosure "D" gives a discussion of the tﬁafric-handling

capebilities of NIKE-ZEUS under various attack conditions. A
computing machine simulation of 2 NIKE-ZEUS battery, described

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

the system. For example, 17 missiles whose Gelivery times are
normally distributed with one minute standard deviation, arriving
against a battery which requires 30 seconds from engagenment to
engagement, and which can terminzte successful engagement cnly
during a l2-second enemy flight time, will have a 90 per cent
Probability of at least one weapon down on target, If each
misslle arrives together with two non-discriminable decovs, only
5 missiles will be required vo achieve 90 per cent probability

of one successful missile on target.

\€f35. These reduced force levels illustrate clearly the value
to be gained by the use of traffic saturatfion techniques and
non-discriminable decoys, or cluster warheads. Reduetion in
force levels necessary to achieve a certealn degree of damage té
the NIKE-ZEUS system can be very large, if the enemy hes the
necessary technigques in missile development and lzunch

coordination,

DEFENSE OF THE MINUTEMAN AND OTHER MISSILE SVSTEMS .

MINUTEMAN
() 36. & discussion of possible 1965 force levels in MINUTEMAN

misslles has been given in paragraph 5, together with ihe
characterlstics of the system. This system 1is expected to com-
Prise a large portion of the U.,S§. retaliatory forece at this
time, and its hardness makes it relatively invulnerable to
attack. A possible use for NIKE-ZEUS batteries might be to
provide protection for 2 large number of hardened MINUTEMAN

mlissile sites. We will investigate the potential effectiveness

of this use in this section.

Enclosure "C"
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21 37. The MINUTZIMAN missile is planned to have a reaction time

S
-

of } . . that is, it can be launched |, altar
signal-to-launch, However, because the missile 1s not reczll-

{
eble 1n case of en unjustified launching, the decision to lzunch /ﬁ

TEY not be left ¢p low level personnel, and may have to gwait 2

S ¢ e o)

£ignal that arrives some Cime even after an attack on FINUTINAN \

{n

ites has begun., Forp strategic PUrposes, also, 1t mav te gasine
atle to reserve some missiles for the threat of later use, 1In
order to survive, these sites may have to endure attack By low

gltitude aerodynemic missiles ang manned bombers.

B 36, Seperation or FINUTEMAN missile sites is currently rlannec

to be at leeast n.,mi, to prevent maltiple lills from enamy

-

w2gpons., With this Spacing, & very large number of MINUTENMAN

- ‘I\\-‘—___..._g

missile sites could be contained within the protective umbrelia

°f one NIKE-ZZUS battery (if assumed to be 75 miles in radius),

O

f course other targets deserving protection could 21so be under
this umbrella, Howevsr, in %his sectiosn we will investigate
only the potentizl usefulness of the NIKE-ZEUS syetem for defenc-

ing MINUTEMAN.

.\ﬁ 29. Invéstment costg of the NIKE-ZZUS system, which exelude
research and development ang annual operating costs, are given
in Appendix "A" of Enclosure "A", For the 120-battery program,
avallable in about 1988, the cost of 9 FAR's, 35 LAR's znd

120 batteries, excluding warheads, is given as 2rproximetely
$11,540,000,000 or & tattery-slice cost of about $96 million,

If the FAR's are excluded from this cost, the per-battery.siice
cost would be about $91 million, Costs for various MINUTEMAN
missile programs are given in Enclosure "D" to the Sezond Annual

neview of WSEG Report No, 23, The investment cost, which execludes

research and development, warheads, and annual operzating
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