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PREFACE

This paper, prepared at the request of the Senate Committee
on the Budget, examines one of a series of programs to modernize
U.S. strategic forces that the Congress will consider during the
1980s. It focuses on the long-term costs of developing and
deploying a multiple protective structure (MPS) basing system for
U.S. land-based intercontinental ballistic missiles (ICBMs).
Particular attention is paid to the implications of possible
Soviet responses and to the effect of future SALT limitations.
The paper also examines three missile options that could be
associated with deployment of an MPS basing system. Finally, the
report reviews the arguments for and against the development and
deployment of an MPS basing system.

During the last two years, several versions of MPS basing
systems have been studied by the Department of Defense and other
groups. A complex of vertical shelters received the greatest
attention; this concept was found to be the least expensive.
Because concerns have been raised about the difficulties in
monitoring the number of missiles deployed in a vertical shelter
system, an MPS basing system involving horizontal protective
shelters is also being considered by the Administration. In
recent weeks, the Administration has focused on one type of
horizontal shelter system in which missiles would move along rails
built at the bottom of trenches that would be covered with remov-
able roofs. (Although the Administration has yet not made a final
decision on a particular MPS basing concept, it has indicated an
intention to deploy the MX missile in some sort of a multiple
protective structure basing system.) This study focuses specif-
ically on the vertical shelter system, but its general conclusions
would apply to other versions of MPS basing as well. In keeping
with CBO's mandate to provide nonpartisan and objective analysis,
this paper offers no recommendations.

This paper was prepared by Robert R. Soule and Richard H.
Davison of the National Security and International Affairs Divi-
sion of the Congressional Budget Office, under the general super-
vision of David S.C. Chu and Robert F. Hale. The authors wish to
acknowledge the assistance of C. Richard Neu, Beth Bloomfield,
Nancy J. Swope, John J. Korbel, and Edward A. Swoboda. Helpful
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coments on earlier drafts were provided by WIliam E Hoehn,
Jr., Vice President, Project Air Force, The Rand Corporation, and
by Lieutenant General denn A Kent, USAF (Ret.). (The assistance
of external reviewers inplies no responsibility for the final
product, which rests solely with the Congressional Budget Cfice.)
(BO also wshes to acknow edge the assistance of the Space and
Mssile Systens Qganization of the Air Force in naking available
the MK Cost Effectiveness Mbdel used to derive the cost estinates
in this paper. (Al assunptions about the nunber and character-
istics of Soviet ICBMs and the desired nunber of surviving U S
war heads were supplied by (BQ) The paper was edited by Francis
S. Pierce and Robert L. Faherty. The illustrations were drawn by
Art Services, Inc., Of Washington, DC Nancy H Brooks prepared
the paper for publication.

Aice M Rvlin
D rector
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The immnent vulnerability of the US land-based nissile
force poses several major questions that the Congress wll have to
consider over the next few years. Today, the strategic deter-
rent forces of the United States consist of |ong-range bomnbers,
submari ne- |l aunched ballistic mssiles, and |and-based interconti-
nental ballistic mssiles (ICBMs). The ICBM portion of this Triad
consists of 1,000 Minuteman and 54 Titan mssiles housed in
underground silos. By the early to mddle 1980s, the Soviet Union
is expected to be able to destroy more than 90 percent of this
| and- based force.

Anong several possible responses that the Departnent of
Def ense has been studying are:

0 A new basing system for |and-based ICBMs that would
provide greater protection, or “"survivability," against a
Sovi et attack; and

0 New mssiles that would be capable of carrying nore
nucl ear warheads and mght: potentially be nore accurate.

The fiscal year 1980 budget proposed by the President contains
$675 mllion for the devel opnent of these systens, but does not
specify a particular mssile or basing system The Congress could
choose anong several candidates.

This study examnes what effects the possible new mssiles
and a new basing system would have on the federal budget, and
particularly how costs would vary with changes in the number of
warheads in the Soviet I1CBM force. The inportance of Soviet
responses suggests the inportance of negotiating permanent,
verifiable limts on IBMforces. The study al so addresses a wi de
range of other concerns that wll influence Congressional deci-
sions about the program

ALTERNATI VE BASI NG SYSTEMS AND M SSI LE CPTI ONS

Miltiple Protective Structure Basinge. Several new ways
of basing mssiTes have been proposed. Interest in the Departnment
of Defense and the Congress has focused on a multiple protective

xvii
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structure (M PS) basing system, One version of an MPS basing
system would consist of 4,500 or more vertical underground
shelters, each of which could potentially house a missile. A
force of perhaps 200 new missiles would be covertly rotated among
the shelters. The objective would be to provide survivability for
some of the missiles by building so many shelters that the Soviets
would not have enough warheads in their ICBM force to destroy the
entire U.S. force.

Other versions of an MPS basing system are also being consid-
ered. One would place missiles on special trains that would move
randomly along railroad tracks set in trenches with removable
roofs; concrete structures along the trenches would protect the
missiles. Although this study focuses on an MPS basing system
that would rely on vertical shelters, the study's general conclu-
sions would apply to other versions of MPS basing.

Missile Candidates. Several missiles could be deployed in an
MPS basing system. These include a new, larger, and more accurate
missile known as the MX; a "common"” missile that could be used in
both an MPS basing system and the Navy's new Trident submarines;
or a modified version of an existing land-based missile, the
Minuteman III.

COSTS OF AN MPS BASING SYSTEM

Base-Case Costs Assume No Soviet Responses. The costs
of an MPS basing system would be sensitive to the number of
Soviet warheads available to attack it. This study's "base-
case" MPS basing system assumes that, between now and about
1990 when the U.S. system would become fully operational, the
Soviets would deploy no more than 820 multiple-warhead ICBMs (the
ceiling in the proposed SALT Il agreement) and would make no
attempt to increase the number of warheads carried on each of
their missiles. Such a "no-response” missile force would leave
the Soviets with as many as 5,928 warheads in their multiple-
warhead ICBM force.

The base-case system also assumes that the United States
would want 1,000 warheads to survive a Soviet first-strike
attack. This number of surviving warheads would provide the
capability to destroy most industrial targets in the Soviet Union
or, alternatively, to attack a large portion of Soviet military
targets.
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Under these assunptions, two major sets of conclusions
fol | ow

0 An MPS basing system would cost about $35 billion in 1980
dollars. This sumwould pay for the devel opnent, depl oy-
ment, and 12.5 years of operation for a system of 5,500
vertical shelters and 310 MK mssiles, each armed with 10
war heads. Together with the silo-housed Minuteman and
Titan ICBMs that would remain after deployment of an MPS
basing system these MX nissiles could absorb the 5,928
Sovi et warheads and still provide 1,000 surviving warheads
for a US retaliatory strike.

0 An MPS basing system would require a large investment
before any substantial nunber of warheads woul d survive.
To provide even 500 surviving warheads, for exanple, would
cost $31 billion. But increasing the nunber of surviving

warheads would be relatively |ess expensive. For $41
billion, the United States could provide 2,000 surviving
warheads.

Sovi et Responses oul d | ncrease Costs. e Soviet response

woul d be to increase the nunmber of nuclear warheads available to
attack an MPS basi ng conpl ex. Costs to maintain the sane nunber
of surviving warheads would then be higher because the United
States would have to construct additional shelters and depl oy
addi ti onal mssiles.

Predicting Soviet responses over the next decade, especially
those that would involve an expensive nissile buildup, is highly
specul ative. Thus, the cases discussed bel ow shoul d be consi dered
only as plausible exanples of Soviet actions that could increase
the costs of an MPS basing system

0 The Soviets could remain within the linmts of the proposed
SALT Il agreenent but still increase the nunber of war-
heads in their nultiple-warhead ICBM force. They coul d,
for example, replace their silo-housed S$8-17 and SS-19
mssiles, which carry up to four and six warheads, re-
spectively, . with a new ICBM that carries 10 warheads.
This would allow the Soviets to deploy up to 8,200 war-
heads on their 820 rnultiple-warhead |BM. The cost of an
MPS basing system that would provide 1,000 surviving
war heads would then rise to $41 billion.
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0 By 1990, when an MPS basing systemwould be conpleted, the
Sovi ets mght have gone beyond the limts in the proposed
SALT Il agreenent, which would expire at the end of 1985
e way for the Soviets to exceed the limts would be to
keep 820 nultiple-warhead ICBMs but nodify each mssile
to carry a larger nunber of smaller warheads. This strat-
egy would allow them to deploy sone 15000 200-kiloton
war heads, the approximate size of the warheads reportedly
deployed on the existing US Minuteman IIl mnissiles.
Such a change in the nunber and size of Soviet warheads
would raise the cost of an MPS basing system that could
provide 1,000 surviving warheads to about $48 billion.

0 The Soviets could also exceed the proposed SALT Il limts
and increase the nunmber of their rmultiple-warhead |CB\W.
At current rates of deploynment, the Soviets could have a
force of 1,400 multiple-warhead mssiles well before 1990.
These mssiles could carry about 9,100 warheads if the
Soviets made no special effort to increase the nunber of
war heads carried on each nissile. An MPS basing system
desi gned against this threat would cost about $45 hillion.
If the Soviets also equi pped each of these 1,400 rul tipl e-
warhead 1CBM with a larger nunber of snaller warheads,
they could deploy a force of sonme 23,000 200-kiloton
war heads. In this event, the cost of a US MPS basing
system designed to maintain 1,000 surviving warheads woul d
be about $63 billion.

Hedgi ng Agai nst Uncertainty Could |ncrease Costs. Uncer -
tainty about the nunber of Soviet mssiles and warheads avail able
for an attack against a US MPS basing system could al so increase
the costs of such a system The Soviets could produce and stock-
pile a large nunber of mssiles and nucl ear warheads beyond those
.deployed in silos. Neither the existing SALT | treaty nor the
proposed SALT |l agreement prohibits this stockpiling. I ndeed,
both the United States and the Soviet Union routinely produce nore
mssiles than they deploy in silos in order to provide spares for
mai ntenance, mssile testing, and crew training. |If the Soviets
could find a way to launch any extra missiles that m ght be
stockpil ed, these mssiles could pose an unexpected threat to an
MPS basi ng system

As a hedge, the United States might wish to build nore
shelters than required by the nunber of Soviet nultiple-warhead
| CBMs known to be deployed in silos.
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o For example, a U.S. MPS basing complex with 310 MX mis-
siles and 11,000 shelters, twice the number of shelters
included in the base-case system, could provide 1,000
surviving warheads even if the Soviet Union possessed
4,500 extra warheads. This would double the number
that could be targeted on the complex by the "no-response"
missile threat discussed above. Construction of 5,500
additional shelters would add as much as $14 billion to
the costs of an MPS basing system.

Some U.S. Responses Could Minimize Cost |ncreases. In the
face of a massive Soviet buildup or substantial uncertainty about
Soviet stockpiles, it might be more economical to defend U.S.
missiles deployed in an MPS basing system rather than to protect
them by building more shelters. This would, however, require
abrogation or renegotiation of the permanent treaty between the
United States and the Soviet Union banning mobile ballistic
missile defense systems.

Regardless of the size of the Soviet response, the United
States could avoid cost increases by accepting fewer surviving
warheads. Even if a missile buildup allowed the Soviets to
destroy all the U.S. missiles and warheads in an attack, the MPS
basing system might still serve an important purpose by forcing
the Soviets to use warheads that could otherwise be targeted
against other elements of the U.S. nuclear deterrent or against
U.S. cities.

Future Agreements Reducing Warheads Could Lower Costs. The
costs of an MPS basing system could be lower than the cost of the
base-case system if a future agreement reduced numbers of Soviet
warheads.

o For example, the Soviets could accept the limits proposed
by the Carter Administration in March 1977. These would
hold the Soviet Union to 550 multiple-warhead ICBMs, with
a subceiling of 150 large missiles of the $s-18 type. 1If,
in addition, there were a prohibition against each missile
carrying a larger number of smaller warheads--insured by
a verifiable ban on flight-testing of such missiles—-then
the Soviet multiple-warhead ICBM force might contain as
few as 3,900 warheads. In this case, the cost of a U.S.
MPS basing system that could provide 1,000 surviving
warheads would be about $27 billion, or $8 billion less
than the cost of the base-case system.
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Summary Table 1 shows how Soviet responses could affect the
costs of an MPS basing system.

SUMMARY TABLE 1. IMPACT OF SOVIET REPONSES ON COSTS OF A U.S. MPS
BASING SYSTEM

U.S. MPSBasing

System Cost for

Number of 1,000 Surviving
Soviet Warheads Warheads a/

"No-Response"
Base Case 5,928 35

Sovi et s Cbserve
SALT Il Limts,
but Maxi m ze \War heads 8,200 41

Sovi ets Exceed

SALT II Linits

by Increasing

War heads per Mssile 15, 000 48

Sovi et s Exceed

SALT II Limts

by Increasing

M ssil es 9,100 45

Sovi et s Exceed

SALT II Limts

by Increasing

Both Mssiles and

War heads per Mssile 23,000 63

Sovi ets Accept Limts
Bel ow Those in SALT II 3,900 27

a/ In billions of fiscal year 1980 dollars.

XXi i



| MPCRTANCE CF SALT LIMTS

The survivability and costs of an MPS basing system would be
substantially mnore certain if there were pernmanent, verifiable
limts on ICBM forces. O particular inportance would be provi-
sions to:

0o Limt the nunber of multiple-warhead ICBMs;

o Limt the nunber of warheads that could be flight-tested
on ICBMs; and

o Limt the production and stockpiling of |CBW.

SALT Il a First Step. The proposed SALT |l agreenent woul d
be a first step toward achieving these kinds of limts. Until it
expired at the end of 1985 the proposed agreenent, if ratified,

would prevent the Soviets from depl oying nmore than 820 | aunchers
for multiple-warhead 1CBMs, a level that they could surpass by
1982 if there were no SALT restrictions. The proposed SALT 11
agreement would also linmt to 10 the nunber of warheads that nay
be flight-tested on an IBM Wthout such a limt, the Soviets
mght begin testing mssiles with larger nunbers of warheads;
once a series of such tests had occurred, it would be difficult,
perhaps inpossible, to verify that mssiles with |arger nunbers
of snaller warheads had not been depl oyed.

Stockpile Linits Absent. The proposed SALT Il agreenent
would not, however, limt Soviet: mssile production or stock-
pi | es. Such a limt would be the best way to eliminate uncer-

tainty about the nunber of Soviet mssiles and warheads avail -
able for an attack on a US MPS basing conplex. To date,
limts of this type have not been included in SALT agreenents
because of the difficulty of nonitoring nissile production and
stockpiles.

O5TS Ok U.S. M SSILE CPTI ONS

In addition to considering basing options in fiscal vyear
1980, the Congress wll be considering whether or not to develop a
new mssile and, if so, what kind. C the $675 mllion proposed
in fiscal year 1980 for a new |ICBM system about $450 mllion
would fund nissile devel opnent activities. The choice of a
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missile is a separate decision from the choice of a basing
system though it would influence the cost of the basing sys-
tem

Three Mssile Options Are Avail abl e. The Congress could

consider the following three mssile options:

o Full-scale devel opment of the new MK missile, a large ICBM
designed to deliver many powerful nuclear warheads with
hi gh accur acy;

o Initial developnent of a "common" mssile that could be
depl oyed both in an MPS basing system and in the large
mssile tubes of the Trident subrmarines now under con-
struction; and

o Modification of the 550 existing silo-housed Minuteman |11
mssiles for deployment in an MPS basing system

Rel ative Costs Depend on Surviving Vrheads. As  Summary

Table 2 shows, the relative ranking of mssile options on the
basis of total cost would vary with the nunber of surviving
warheads the United States chooses.

(0]

If low nunmbers of surviving warheads are chosen, the

~Mnuteman [l missile option would be the |east-cost

alternative because nodification of an existing mssile
would mnimze the required mssile devel opnent and
procurenent costs.

If high nunbers of surviving warheads are chosen, the
MK mssile, with its large nunber of warheads per nissile,
represents the | east expensive alternative.

If a mddle range of surviving warheads is chosen, the
common mssile option, with its shared devel opment costs,
could be the |east costly. This concl usi on assunes
that, in the absence of a common missile program the Navy
would fund a separate programto develop a newnissile for
the Trident subnarine.

These concl usions about relative costs of the mssile options
assume no Soviet responses. As was pointed out above, costs of
all mssile options could increase under several kinds of Soviet
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SUMMARY TABLE 2. COMPARISON OF COSTS OF MISSILE OPTIONS IN AN MPS

BASING SYSTEM: IN BILLIONS OF 1980 DOLLARS
Modified
Desired Number of MX Common Minuteman |l
Surviving Warheads Missiles Missiles Missiles
500 30.9 26.7 19.6
1,000 34.7 310 30.9
1,500 37.8 35.0 109.0
2,000 40.7 415 Infeasible

NOTE: Costs of the common missile options have been reduced by
the amount that the Navy would have spent in developing a
new missile for the Trident submarine, but they reflect the
added costs expected in a common missile development
program. All costs assume that the Soviets would not
respond to U.S. deployment of an MPS basing system.

buildup. The relative rankings of the missile options, however,
would remain similar under most types of Soviet response.

NON-COST CONSIDERATIONS INFLUENCE U.S. MISSILE OPTIONS

Desire to Limit U.S. Capability Favors Minuteman. One
non-cost consideration could favor the choice of the modified
Minuteman III missile.

0 The Minuteman Il missile is less accurate than the MX
missile would be. Thus, the Minuteman III missile
option would avoid the acquisition of an improved capabil-
ity to destroy Soviet ICBM silos. Some view this limit as
contributing to strategic stability.

On the other hand, the modified Minuteman |l missile has
disadvantages:
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0]

Because of the limted nunber of mssiles and warheads per
mssile, it would be prohibitively costly or even infeas-
ible to deploy an MPS basing system with Mnuteman |11l
mssiles intended to provide more than about 1,000 surviv-
i ng war heads.

To keep costs low Mnuteman |1l mssiles would have to be
based in the northern United States, using sone of the
facilities at existing mssile bases. \Wather and other
factors make this a less attractive deploynent area than
the Southwest, where MX or common missiles would be based.
[f Mnuteman |1l mssiles were deployed in the Southwest,
additional basing construction and mssile modifications,
including extending their range, would be necessary.
Costs would go up by about $3.5 billion, which would
elimnpate nuch of the cost savings.

Desire for S ze and Accuracy Favors MK  Several factors oth-

er than costs could favor the MX mssiles:

0]

The MK mssile would be nore accurate than- the other two.
Thus, it would be an attractive option if the United
States wished to acquire an inproved capability to attack
Soviet mlitary targets, especially Soviet ICBM silos.

The large size of the MK missile, and the resulting
ability to carry nmany warheads, would maximze US
capabilities under future SALT provisions that mght [imt
the nunber of mssiles that may be depl oyed.

Common Mssile Ofers a Hedge. Several inportant factors

could Tavor the common mssile:

0]

0]

Devel opnent of a comon mssile would hedge against a
decision not to deploy an MPS basing system In the event
of such a decision, devel opment costs of a common nissile
woul d not have been wasted, since the mssile could be
depl oyed aboard Trident: subnarines. And devel opnent of a -
new mssile for the Trident would have been speeded up,
which would be inportant if the ULhited States eventually
deci des not to have a new | and-based mssile.

If an MPS basing system is deployed, its large costs,

coupled with the need for overall budgetary constraints,
mght preclude funding for the development of a second
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mssile. Thus, the comon mssile mght be the only way
to develop a new, large mssile for the Trident subnar-
ines, along with an MPS basing system Such a new mssile
mght be desirable to enhance the effectiveness of the
Trident force.

The common mssile, however, has disadvantages:

0 Savings in devel opnent costs mght be partly or conpletely
eroded because of difficulties in designing a mssile to
be conpatible with tw different basing systens. Cost
estimates shown here allow for sone difficulties, but the
magni tude of these extra costs is hard to predict.

0 Wse of a common mssile for deployment in both an MPS
basing system and Trident subrmarines would increase the
risk that wunexpected problens with the reliability or
aging of the mssile would jeopardize both the submarine
mssile force and the |and-based ICBM force.

ASSESSI NG THE NEED FCR A LAND-BASED M SS LE SYSTEM

This study focuses on the costs of a new |and-based mssile
system A decision about whether or not to develop and depl oy
such a system however, nmust also consider the submarine- and
air-based forces, both of which are aging. Prograns to nodernize
these forces could include building Trident submarines or other
strategic submarines and new strategic aircraft to replace or
augment B-52 bonbers. Thus, the key question is not whether to
add a new land-based system to subrmarine and strategic aircraft
forces whose future capabilities are fixed in sizee Rather, the
question is what conprises the nost desirable mx of new forces as
the entire U.S. strategic arsenal is nodernized during the 1980s.

Two general strategies to provide a given level of retalia-
tory capability are available to the Congress:

0 Mintain the Triad by developing and deploying an MPS
basing system while also nodernizing both the subnarine
and strategic aircraft forces; or

0o Mve to a Dyad by deploying a relatively nore capable
force of strategic subnarines and aircraft.
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Rel ati ve Costs May Be Conparabl e. Al t hough CBO has not
undertaken an analysis of the relative costs of these two general
options, studies conducted within the Departnent of Defense
apparently indicate that a US arsenal with a new |and-based

mssile systemwoul d, under the constraints of the SALT Il agree-
ment, be "no nore costly" than a force of subnarines and strategic
aircraft of "conparable levels of capability.” It is not clear,

however, whether these cost conparisons account for possible
Sovi et responses. These responses mght affect |and-based and
aircraft-based systens nore than subnarine-based systens, assuning
that US submarines renmain undetectable.

Triad Preserves Dversity. One argunment in favor of a Triad,
and hence in favor of a new land-based nissile system is that it
preserves diversity. Diversity in the basing of US strategic
forces has been considered a desirable characteristic because it
nmeans that the Soviets nust attack three different systens, each
with different vulnerabilities, in order to destroy the entire
US nuclear deterrent in a first-strike attack. Each el ement of
a diversified force may also contribute to the survivability of
the other elenents. For exanple, the construction of a large
nunber of shelters for an MPS basing system all of which would
have to be targeted by the Soviets in order to destroy the entire
system might make it nmore difficult to execute an effective
attack on US air bases for strategic aircraft.

Land- Based Systens Have Special Capabilities. In consider-
ing whether or not to keep a swurvivable | and-based mssile force,
one nust also take into account the special capabilities of
| and- based systens. Land-based nissiles offer high accuracy,
short mssile flight times, and reliable tw-way communications;
these characteristics are not all present in either subnarines or
strategic aircraft. These characteristics could provide the
United States with a capability to destroy a large portion of
Soviet mlitary targets, particularly hardened ICBM sil os. Sone
types of mssiles that could be deployed in an MPS basing system
would retain other advantages of |and-based systens but avoid the
capability to destroy IBMsilos; it has been suggested that this
limt would reduce incentives to strike first in a nuclear crisis.

A survivable |and-based nmissile system would also allow the
Lhited States to wthhol d weapons from use over an extended period
after an initial nuclear attack. This flexibility is inherent in
mssile-carrying submarines as well, but it nay not be avail able
in strategic aircraft.
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Threats to the Survivability of Land-Based M ssil es. e
possi bl e di sadvantage of an MPS basing systemis that its ability
to provide surviving warheads for a US retaliatory strike m ght
be threatened over the long run by possible increases in the
nunber of warheads in the Soviet: ICBM force, unless permanent,
verifiable SALT limts could be negotiated. Survivability could
also be affected by US uncertainty about the nunber of Soviet
mssiles and warheads available to attack the system Nei t her of
these threats would require a Soviet technological breakthrough,
whi ch woul d be necessary to threaten the Survivability of strate-
gic subnarines.

Mssiles Mist be Countable. Questions have been rai sed about
the ability of the Soviet Union to count the nunber of mssiles
deployed in a US MS basing systemand about the US ability to
monitor a simlar Soviet nobile mssile-basing system If an
acceptable counting method could not be devised, the ability to
verify conpliance with future SALT limts would be threatened.
Recent verification concepts may, however, provide a means to
resolve this difficulty.

(oncl usi on. Utimately, the decision on a new | and-based
m ssil e system depends on the course that the Congress selects for
future US strategic forces. Should the diversity inherent

in the present Triad be preserved, or should increased reliance be
pl aced on a Dyad of sea-based and airborne forces? Wuld a
| and- based system be viable in the face of possible Soviet
responses? The ultimate decision wll involve weighing the costs
and capabilities of all the systems--including the costs to expand
sea-based and airborne forces if the United States decides to nove
away from the present Triad concept.
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CHAPTER 1. INTRODUCTION AND BACKGROUND

Silo-housed Minuteman and Titan intercontinental ballistic
missiles (ICBMs) constitute one component of the U.S. Triad of
strategic nuclear forces, a three-part arsenal that also contains
missile-carrying, nuclear-powered submarines and long-range
bombers. 1/ U.S. strategic nuclear forces are designed to deter
the Soviet Union from launching a nuclear attack against the
United States or its principal allies by enabling the United
States to retaliate against a variety of industrial and military
targets in the Soviet Union. 2/ This retaliatory capability
should remain secure even if Soviet nuclear weapons were used to
attack U.S. strategic forces in a first strike. The perception
that the United States has capable forces may also reassure allies
and deter adversaries from other forms of aggression, thereby
helping to achieve some valuable international political objec-
tives.

THE GROWING VULNERABILITY OF THE U.S. SILO-HOUSED MISSILE FORCE

The Soviet Union is acquiring a growing capability to destroy
U.S. Minuteman and Titan ICBM silos. Over the last several
years, the Soviets have developed and deployed a force of large

1/ U.S. strategic nuclear offensive forces currently consist

~  of 1,000 Minuteman ICBMs (450 single-warhead Minuteman Il
missiles and 550 three-warhead Minuteman Il missiles) and
54 single-warhead Titan Il ICBMs based in fixed silos;, 41
nuclear-powered submarines with 656 submarine-launched bal-
listic missiles (160 single-warhead Polaris missiles and 496
multiple-warhead Poseidon missiles); and 348 operational
B-52 bombers. Together, these forces are armed with 9,200
independently targetable nuclear warheads and bombs, of which
about 25 percent are deployed in the ICBM force. See U.S.
Department of Defense, Annual Report, Fiscal Year 1980,
p. 71.

2/ u.s. Department of Defense, Annual Report, Fiscal Year 1980,
pp. 74-79.




ICBMs, each capable of carrying several powerful nuclear wea
pons. The Soviets have also made great strides in developing
more advanced missile guidance systems that provide a potential
for greatly improved missile accuracy. In the near future, they
are expected to be able to deploy a large force of these increas-
ingly accurate multiple-warhead ICBMs, 3/ enough to give them a
theoretical capability to destroy more than 90 percent of the
U.S. Minuteman and Titan ICBM force, while using about one-third
of their own ICBM warheads in the attack. 4/ A Soviet leader-
ship contemplating an actual strike against U.S. ICBMs would face
great uncertainties and risks, and that could help deter an
attack. 5/ Nevertheless, the United States will soon be in a
situation in which it will have little confidence that more than
10 percent of its Minuteman and Titan ICBMs could survive a Soviet
preemptive first strike and be available for a U.S. retaliatory
attack.

The Department of Defense expects this threat to the U. S.
silo-housed ICBM force to become "substantial” by the early
1980s. 6/ Because any new U.S. strategic weapon program under-
taken in response to the threat would require several years
to complete, the Congress will face pressures to deal with this
issue in 1979. The current debate over the second Strategic
Arms Limitation Treaty (SALT I1) also brings the issue of ICBM
vulnerability to the fore.

At the same time that the silo-housed ICBM force is becoming
increasingly vulnerable, the existing fleet of missile-armed

g/ Multiple-warhead missiles are often referred to as "MIRVed"
missiles. MIRV stands for multiple independently targetable
reentry vehicle.

4/ See Congressional Budget Office, Planning U.S. Strategic
Nuclear Forces for the 1980s, Budget Issue Paper (June
1978).

5/ See Congressional Budget Office, Counterforce Issues for the
U.S. Strategic Nuclear Forces, Background Paper (January
1978).

6/ U.S. Department of Defense, Annual Report, Fiscal Year 1980,
pPp- 116-17.




Polaris and Poseidon subnarines, constructed during the 1960s,
and the force of B-52 bonbers, all built during the late 1950s
and early 1960s, are both approaching the end of their service
l'ives. Prograns to replace these forces have been initiated or
are under study. Thus, during the 1980s, the Congress wll
consider progranms to nodernize the entire strategic nuclear
arsenal. This provides an opportunity to debate how best to
structure US forces.

The United States could respond to the projected threat to
the silo-housed ICBM force in one of two general ways:

o Develop a new | (BM system or

o Pace increased reliance on nissile-carrying submarines
and strategic aircraft by procuring a large force of
Trident subnarines, by developing the Trident 1l mssile,
and by deploying a new force of strategic aircraft for
cruise mssiles or airmobile ICBMs.

This study examnes the first of these two options. It does
not provide a conprehensive analysis of all the options available
to the United States for nodernizing its strategic forces. Many
i ssues would have to be considered in such an analysis. Anong the
nost inportant is whether the United States should naintain a
Triad of strategic forces. By deploying a new | CBM system one
designed to provide mssiles with better protection froma Soviet
attack, the United States could maintain an arsenal containing
three survivable basing systens, each having different potenti al
vulnerabilities. Such a diversified posture serves to conplicate
Soviet efforts to develop an ability to neutralize US retalia-
tory capabilities.

Placing primary reliance on the retaliatory capabilities
of weapons based in subnmarines and aircraft mght sacrifice sone
of the diversity that has characterized US strategic forces in
the past. It mght also require giving up some characteristics
now unique to the land-based 1BM force that could not be repli-
cated in subrmarines or strategic aircraft. On the other hand,
guestions have been raised both about the long-term survivability
of new systens for basing mssiles on land and about the arns
control inplications of new |and-based |(BM systens. Al these
factors, as well as a conparison of relative costs, would have to
be weighed in deciding how best to npdernize US strategic
forces.
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THE MX MISSILE PROGRAM

The Department of Defense budget request for fiscal year 1980
includes $675 million for full-scale engineering development of a
new intercontinental ballistic missile system, called the MX
mobile missile system. 7/ In addition, the DoD supplemental
budget authorization for fiscal year 1979 requested by the Admin-
istration includes $265 million for the MX program, with $190
million allocated to accelerate the development of the new ICBM
system and $75 million to study alternative ICBM basing systems.
This money would be in addition to the $158 million already
authorized by the Congress in 1978 for fiscal year 1979.

The Department of Defense proposal includes both a new basing
system for ICBMs and a new missile. A new basing system would be
designed to provide greater protection, or "survivability," than
is currently available to the Minuteman and Titan ICBMs deployed
in fixed underground silos. The new missile would be larger and
capable of carrying more nuclear warheads than existing Minuteman
ICBMs; it would also be more accurate, providing an improved
capability to destroy Soviet military targets. Over the next two
decades, expenditures for a new ICBM system would total $20
billion to $35 billion (in fiscal year 1980 dollars) and possibly
more. Table 1 shows an illustrative funding schedule for a
program that would include the development, deployment, and
operating expenses of both a new basing system and a new missile.

Although the Department of Defense has requested funds
for full-scale development activities for the MX program, the
exact characteristics of the new basing system have not been
determined. During the last few years, several studies have
examined many possible solutions to the projected vulnerability of
stationary, silo-housed ICBMs, generally in mobile basing systems.
Studies conducted by the Air Force in 1978 focused on multiple
protective structure (MPS) basing systems, a concept formerly
known as multiple aimpoint (MAP) basing. Under this concept, 200
or more missiles would be covertly rotated among several thousand
concrete shelters, or "protective structures.” The principal

7/ Full-scale engineering development activities include the fab-
rication and testing of prototypes of missiles and other wea-
pons system components. Production of missiles and deployment
of the basing system would not begin until the early 1980s.



TABLE 1. | LLUSTRATI VE MX PROGRAM EXPENDI TURES BY FI SCAL YEARS: IN MLLIONS GF FISCAL YEAR

1980 DALLARS

1980 . 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 Tot al
Devel oprent
Mssile 446 850 1,000 900 750 500 250 - - - - 4, 700
Basi ng 229 450 ' 600 400 250 250 150 50 — — — 2, 400
Tot al 675 1,300 1,600 1,300 1,000 750 400 50 - - - 7,100
I nvest nent
Mssile - - - 400 1,100 1,000 900 900 800 50 50 5, 200
Basi ng -— -— — 1,700 3,800 4,000 3,700 3,300 500 - - 17, 000
Tot al — — — 2,100 4,900 5,000 4,600 4,200 1,300 50 50 22, 200
Qperations and
Mai nt enance — — - — — - 300 300 400 400 400 a_/ 5, 400
TOTAL 675 1,300 1,600 3,400 5,900 5,750 5,300 4,550 1,700 450 450 a/ 34, 700

NOTE This table illustrates the kind of expenditures that would be inplied by an MX program that
included the developnent of a new mssile and a nultiple protective structure (MPS basing
system the deploynment of 310 MX mssiles and 5,500 vertical shelters; and operations and
mai nt enance of the system for 12.5 years. The table assunes that the new ICBM system would
becone operational in fiscal year 1986 and be conpleted in fiscal year 1991. The nunbers shown

for fiscal year 1980 are the actual Departnent of Defense budget request.

a/ Annual system operating costs of $400 nillion would continue for nine additional years not shown

on this table.



objective would be to build so many shelters—-any one of which
could contain a missile--that the Soviet Union would not have
enough warheads in its missile force to destroy them al. 1If, for
example, the Soviets could destroy only half of the U.S. shelters,
and if they could not determine in which structures the U.S.
missiles were housed, roughly half of the U.S5. missiles could be
expected to survive an attack.

The specific MPS basing design favored by the Air Force would
involve the deployment of 200 new MX missiles in a complex of
4,500 vertical shelters. The shelters would be connected by a
network of special aboveground roads, over which large trucks
would move the missiles among the shelters. In a similar MPS
basing concept, the horizontal shelter system, the protective
structures would house the missiles in a horizontal position,
rather than in vertical structures. 8/

Alternatively, missiles might be moved among several thousand
horizontal protective structures constructed inside a series of
underground tunnels. In this MPS basing system, missiles would
move underground among the protective structures. Initial
testing of one such "trench" concept--including the construction
of a prototype trench--was undertaken during the last two years.

A somewhat different trench system has been under serious
consideration by the Administration during the last few weeks. In
this version of MPS basing, 200 missiles would be placed on
special trains that would move among horizontal protective shel-
ters along rails built at the bottom of unburied trenches.
The 8,800 shelters built inside the 200 trenches would be covered
with removable blast doors, and the sections of the trenches
connecting the shelters would be covered with removable roofs.
These doors and roofs could be opened in order to allow Soviet
reconnaissance satellites periodically to count the number
of U.S. missiles deployed in the network. When closed, the
removable roofs might provide enough protection to the trenches
that only small areas around the shelters would be fenced off
from the public, a security concept similar to that envisaged

8/ For a detailed description of MPS basing concepts, see
Department of the Air Force, MX: Milestone Il, Final Envi-
ronmental Impact Statement, Part |, Program Overview (October
1978), pp. I-8 through I-47.




for the vertical or horizontal shelter systens and to the existing
security system for silo-housed Minuteman and Titan nissiles. The
roofs covering the trenches mght also make it difficult for
the Soviets to observe the novenent of the mssiles anong the
hori zontal protective shelters. In addition, an attenpt m ght
be made to design the railroad systemand the nissile trains in a
way that would allow missiles to be noved rapidly within the
trenches after reception of a warning that a Soviet attack had
been | aunched. 9/

A though the specific design features are sonewhat differ-
ent, all of these systens share the concept of rmultiple protec-
tive structure basing. There is the question of whether the
protective shelters would be connected by aboveground roads or
by underground trenches. There is also the question of whether
the missiles would be stored on their ends in vertical shel-
ters or on their sides in horizontal protective structures. But in
any of these MPS basing systens, the concept of building nore
shelters for US 1ICBMs than the Soviets could destroy would be
t he same.

During 1978, several studies examned alternative types of
MPS basing systens. 10/ A that tine, various groups reached a
consensus in preferring the vertical shelter system A conpl ex of
vertical shelters has been estimated to be the |east expensive MPS
basi ng system The Air Force estimates that 200 MX missiles
deployed in a conplex of 4,500 vertical shelters would cost about
$30 billion. A conparabl e system of horizontal shelters woul d
cost about $32 billion. Prelimnary estimtes indicate that

9/ For a description of the open trench concept, see darence A
Robi nson, Jr., "Acceptable Basing Mde for MX Sought,"
Avi ati on Week and Space Technology (My 21, 1979), pp.
14- 16.

10/ Studies were conducted by the Ar Force Space and Mssile
Systens O ganization (SAMBO, the MK Basing Ad Hoc Working
Goup of the Air Force Systens Command, and the Defense
Sci ence Board. For a description of these studies, see
Depart nent of Defense Authorization for Appropriations for
Fiscal Year 1979, Hearings before the Senate Committee on
Armed Services, 95:2 (April and May 1978), Part 9, pp.
6505- 09.




a network of unburied trenches would cost about $36 billion. 11/
Vertical shelters also provide the highest confidence in the
technical assessment of the ability of mssiles housed wthin
protective structures to survive nuclear blast and shock effects.

Concerns have been raised, however, about the ability of
the Soviet Uhion to count the nunmber of US nissiles deployed in
a conplex of vertical shelters and about the US ability to
nonitor a simlar Soviet system if deployed. Sone sort of a
network of horizontal protective shelters is being considered in
an attenpt to inprove the prospects for successful nonitoring of
an MPS basing system

Al though alternative MPS basing concepts are still under
study, this report focuses specifically on the vertical shelter
system All the costs shown in the report are based on the
vertical shelter design, though the study's general conclusions
woul d apply to other versions of MPS basing as well.

During the early nmonths of 1979, the Ar Force studied the
feasibility and costs of basing ICBMs aboard transport aircraft,
rather than on land in multiple underground protective structures.
This basing concept was found to be significantly nore expensive
than the |and-based systens, and it appears to be a relatively
unattractive basing option.

THE FOCUS COF THE STUDY, SOVI ET RESPONSES AND THE LONG TERM
BUDGETARY | MPLI CATIONS O MJULTI PLE PROTECTI VE STRUCTURE BASI NG

This paper focuses on the long-term budgetary inplications
of devel oping and deploying a nultiple protective structure basing
system for |and-based intercontinental ballistic mssiles.

11/ A system of buried trenches without high-speed trains woul d
cost about $32 billion. (Information supplied to CBO by
UsS Air Force, June 7, 1979.) The Air Force has ruch higher
confidence in the cost estimates for vertical shelters, hori-
zontal shelters, and buried trenches than for open trenches
because those concepts have been studied |onger and have
been reviewed closely by the Ar Force and other agencies
within the Departnent of Defense. The cost estimates for the
open trench system are the result of a two-week study.



In assessing the long-term budgetary implications, the effects
of possible future Soviet strategic weapons prograns on the costs
and survivability of a U.S. MPS basing systemw |l be an inportant

concern. O particular concern will be those Soviet actions
that m ght be taken in response to U.S. devel opment and depl oyment
of such a system Also of great inportance will be how U.S.

uncertainty about the number of Soviet ICBMs available for
an attack would affect the costs and survivability of an MPS
basi ng system The Soviet responses and the U.S. uncertainties
examned in this paper include:

0o Soviet efforts to increase the nunber of mssiles and
warheads that could be targeted against a U.S. MPS basing
system and

o U S uncertainty about whether the Soviets m ght possess
extra stockpiled mssiles that could rapidly be made ready
for use in an attack on a U.S. MPS basing system

Threats to the survivability of an MPS basing system coul d be
redressed by U.S. countermeasures, especially construction of
additional shelters. Thus, the long-term survivability of an MPS
basing system is related to the wllingness of the Congress to
spend additional funds beyond the initial costs of the system
should this becone necessary to neutralize Soviet responses.

THE | MPCRTANCE CF SALT LIMTS ON THE SOV ET M SS LE FCRCE

Efforts to place verifiable limts on the nunber of Soviet
mssiles and warheads through the proposed SALT Il treaty and
future SALT agreements would help nminimze the costs of an MPS
basi ng system It should be enphasized that a U.S. MPS basing
system would not be conpleted until about 1990 or 1991, while the
proposed SALT II treaty would expire at the end of 1985, wunless it
was extended. Thus, limts on Soviet mssile prograns inposed by
a future SALT agreement would be at least as inportant as those
i nposed by a SALT Il treaty. :

THE MSS LE | SSUE

In considering the Departnent of Defense request for full-
scal e devel oprment funding for the MX program the Congress will
face two closely related, but separable, decisions. e decision



concerns whether or not to develop a new nore survivable basing
system for ICBMs; the other, whether or not to develop a new
long-range ballistic nissile. The devel opnent and depl oynment of
an MPS basing systemwould have the greater budgetary inpact over
the long run (see Table 1. Devel opnent of a new missile, how
ever, would have the larger inpact on the budget in the early
1980s. For exanple, of the total fiscal year 1980 budget request
for the MX program of $675 mllion, about $450 mllion would
fund m ssile devel opment activities.

The basing and missile decisions are separable because the
Congress could choose to deploy a new basing system w thout
developing and procuring a new nissile for deployment in that

system Existing Minuteman IIl mssiles could be nodified for
t hat purpose. Also, if a new mssile is devel oped, several
options are avail able. Deciding among the alternatives involves

considering their relative costs and also whether or not the
United States should develop a new mssile that would be nore
accurate and could deliver a larger nunber of warheads than
existing Mnuteman |1l ICBMs, thus providing an inproved capabil -
ity to destroy Soviet mlitary targets.

Wil e separable, the basing and nmissile decisions are closely
related for two major reasons. First, the estimated depl oynent
and operating costs of an MPS basing system could be affected
somewhat by the type of missile deployed in the system  Second,
the degree of Congressional commtrent to the eventual depl oynent
of an MPS basing systemwll be an inportant factor in weighing
the mssile choices. |If the Congress wishes to maintain an option
to deploy an MPS basing system while maintaining flexibility to
deploy a new mssile in an alternative basing system one option
woul d be to develop a nissile that could be based either in an MPS

basi ng conplex or aboard new Trident mssile-carrying subnarines
now under constructi on.

QUTLI NE CGF THE PAPER

Chapter II of this study provides a general description of
the concept of nultiple protective structure basing. It outlines
the purposes of such a system and the conditions necessary
for its success. The chapter presents the costs of an MPS basing
system under two key assunptions: that the Soviet Unhion woul d
make no special efforts to respond to U S. devel opnent and depl oy-
ment of such a system and that the United States would be able to
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determne with reasonable accuracy the nunber of Soviet missiles
and warheads available to attack the conplex. Finally, it dis-
cusses the need to prevent the Soviets from devel oping a means
to distinguish shelters housing nmissiles from those that are
emptye.

Chapter 11l assesses the inplications of possible Soviet
responses to U.S. deploynment of an MPS basing system and also of
U S uncertainties about the number of Soviet mssiles and war-
heads available to attack an MPS basing conpl ex. It examnes the
i npact of Soviet responses and U.S. uncertainties on the surviv-
ability of the system and estimates the costs of possible U.S.
countermeasures.

Chapter |V outlines the relative costs and the prinmary
advant ages and di sadvantages of several alternative U.S. mssile
opti ons.

Finally, Chapter V discusses the reasons why the United
States nmight want to deploy an MPS basing system as the existing
silo-housed Minuteman and Titan ICBM force becomes increasingly
vul ner abl e.
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CHAPTER 1l.  THE CONCEPT OF MULTIPLE PROTECTIVE STRUCTURE BASING

This chapter provides an introduction to multiple protective
structure basing for land-based ICBMs. It describes how such
a system could potentially improve the ability of U.S. missiles
to survive a Soviet first-strike attack by providing more shelters
than the Soviets could destroy with their ICBM force. The chapter
constructs a "base-case" U.S. MPS basing system. The base-case
system contains 5,500 vertical shelters and 310 MX missiles, each
armed with 10 warheads. It is estimated to cost about $35 billion
in fiscal year 1980 dollars. 1/ This system could provide 1,000
surviving warheads for a U. S. retaliatory strike. The costs of an
MPS basing system would not be particularly sensitive to varia-
tions in the desired retaliatory capability. The number of
shelters and missiles in the base-case system would be adequate to
provide 1,000 surviving warheads only if three key conditions were
met:

0o The Soviets could not increase the number of warheads
in their ICBM force in response to U.S. deployment of
an M PS basing system,;

o0 The United States would be highly confident that it
could determine within a reasonably narrow range the
number of Soviet missiles and warheads available to attack
its MPS basing complex; and

o0 The Soviets could not distinguish the shelters that
contained missiles from those that were empty.

The first two assumptions are analyzed further in Chapter
I1l. The need to prevent the Soviets from distinguishing shelters
containing missiles from those that would be empty is discussed in
the last section of this chapter.

1/ All cost estimates shown in this paper are in constant fiscal

T year 1980 dollars. The actual dollar amounts that would be
spent would be much higher if prices and wages continue to
increase in the future.
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THE PURPOSES OF A MULTIPLE PROTECTIVE STRUCTURE (MPS) BASING
SYSTEM

With the deployment of several hundred large and increas-
ingly accurate multiple-warhead ICBMs, the Soviet Union is
expected to acquire a theoretical capability to destroy more than
90 percent of the U.S. force of silo-housed Minuteman and Titan
missiles. Such an attack would involve only about 2,000 of the
6,000 or more warheads that the Soviets could have in their ICBM
force by the early to middle 1980s under the terms of the proposed
SALT Il agreement. The improved capabilities and expanded size of
the Soviet ICBM force present the United States with two related
problems.

Declining Retaliatory Capability

First, the United States will, in the future, no longer be
able to rely upon the existing land-based missile force to con-
tribute significantly to the U.S. ability to retaliate after a
Soviet first-strike attack on U. S. strategic forces. The overal
U.S. nuclear deterrent will not be compromised by the growing
vulnerability of silo-housed 1CBMs, because the ICBM force is
only one part of the three-part U.S. arsenal. Rather, the growing
vulnerability of silo-housed ICBMs creates a need to consider
programs to replace their retaliatory capabilities aong with
programs to modernize the aging submarine and strategic aircraft
forces that the Congress will consider during the 1980s. Because
of the declining retaliatory capabilities of silo-housed ICBMs,
the United States will have to buy relatively more forces as
the entire strategic arsenal is modernized during the 1980s than
would have been necessary if the existing silo-housed ICBM force
had retained its ability to survive a Soviet attack. This re-
quirement for expanded programs to modernize U.S. strategic
forces will exist whether the overall retaliatory capabilities
of U.S. forces are to be kept at current levels or whether they
are to be reduced or expanded.

The deployment of an MPS basing system provides an option
to maintain the survivability of land-based 1CBMs, thereby pre-
serving both the Triad concept and the unique characteristics of
ICBMs that may be deemed desirable. Alternatively, the United
States could place increased reliance on missiles based in sub-
marines and on strategic aircraft. Which of these two general
options is selected will affect not only the MX program but
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also the ultimate scope of U.S. modernization programs for the
submarine force and the strategic aircraft force. These consider-
ations are addressed in Chapter V.

Large Number of Soviet Warheads

The second problem created by the improved capabilities and
expanded size of the Soviet ICBM force relates to the large number
of warheads that the Soviets would have remaining in their I1CBM
force after an attack on U.S. missiles. Because the Soviets
would have to use only about one-third of the warheads in their
ICBM force to destroy the bulk of the U.S. silo-housed missile
force, a large part of the Soviet ICBM force--with some 4,000
warheads—-could be held in reserve for later strikes or for
attacks against other U.S. targets. A particularly important
concern is that the Soviets might: be able to use the other war-
heads in their ICBM force to attack large areas surrounding U. S.
air bases, thereby possibly destroying in the air significant
numbers of U.S. B-52 bombers as well as any aircraft carrying
cruise missiles or airmobile ICBMs that the United States might
deploy in the future. 2/

Improving the Survivability of ICBMs

In the past, U.S. efforts to maintain the survivability
of the land-based missile force in the face of improving Soviet
ICBMs have taken the form of making missile silos "harder" (that
is, making them more capable of withstanding a nearby nuclear ex-
plosion). This approach is no longer viable. In the not-too-
distant future, powerful Soviet warheads carried on missiles with
improved accuracy will render vulnerable any known, fixed target.

One possible solution to the problem lies in the development
of a mobile basing system for U.S. ICBMs. If the Soviet Union
were uncertain about the location of U.S. missiles, it would
have difficulty targeting them in a nuclear attack.

2/ See, for example, the testimony of Lt. Gen. Glenn A. Kent,

~  USAF (Rets), on the future of the land-based leg of the
strategic Triad in hearings before the House Committee on
Armed Services, 96:1 (February 7, 1979; processed).
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A "soft" nobile basing system——-one that included no hardened
concrete shelters for the missiles—-could contribute to the
survivability of the ICBM force only if the Soviet Union had no
know edge of the general location of the nissiles. 1If U.S. nobile
mssiles were |loaded aboard transporter-launcher vehicles and
deployed within mlitary bases or other relatively confined
areas, the Soviets could target those general areas and perhaps
disable a large portion of the U.S. l|land-based mssile force in a
first strike. Thus, to be survivable, the U.S. mssiles would .
have to be widely dispersed and frequently on the nove in order to
deny know edge of their location to the Soviets. Because of the
possibility of accidents, the public would likely find unaccept-
able a system that involved the movenent of large nissiles
with nuclear warheads over roads or railroad Iines. Mor eover,
mssiles based on trucks or trains would be nmore vulnerable to
terrorist attacks than nissiles stored in protective concrete
silos or shelters.

A multiple protective structure basing system m ght provide
an alternative means of reestablishing the ability of U.S. |and-
based mssiles to survive a Soviet first strike. In an MPS basing
system hundreds of mssiles would be covertly enplaced anong
several thousand concrete shelters, thereby presenting the Soviets
with a large nunber of potential nissile |ocations that woul d have
to be targeted in order to destroy the U.S. force of nobile
mssiles. A though they woul d be depl oyed in a confined area, the
mssiles would be housed within protective shelters, spaced in
such a way that a single Soviet warhead of a given size could
destroy no nore than one shelter. If the United States were
to construct nore shelters for its MPS basing conplex than the
nunber of reliable, accurate Soviet warheads that could be used to
attack the conplex, and if it were possible to ensure that the
Soviets could not determine in which shelters the nissiles were
housed, a significant nunber of U.S. missiles could survive an
att ack. For exanple, if the United States built tw ce as many
shelters as the Soviets could destroy, half of the shelters
could be expected to survive a Soviet attack; on average, there-
fore, half of the U.S. missiles deployed in an MPS basi ng conpl ex
woul d survive and be available for a retaliatory strike.

Raising the Price of a Soviet Attack

By increasing the nunmber of shelters that the Soviet Union
woul d have to target, an MPS basing system would also seek to
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address concerns about the |arge nunber of warheads that the
Soviet Union would have remaining in its ICBM force after an
attack on existing U.S. silo-housed Minuteman and Titan nissiles.
In order to attack an MPS basing conplex, the Soviets would
have to target several thousand shelters, a task that could
nearly deplete their own IGBMforce. The price of a Soviet: attack
on U.S. ICBMs would becone nore exacting. Raising the price night
hel p deter such an attack by ensuring that the Soviets would be
relatively less powerful afterward, and it would reduce the
ability of the Soviet Unhion to use its I1BMW for attacks against
other U S targets.

THE OOSTS CF A MULTI PLE PROTECTI VE STRUCTURE BASI NG SYSTEM

The costs of constructing and operating an MPS basing system
could vary greatly, depending upon assunptions nade about a few
key factors that would deternine the required size and design of
such a basing system The nost inportant factors are the nunber
of Soviet nissiles and warheads available for an attack on an
MPS basing conplex and the degree of U.S. confidence in its
estimates of the size of that mssile force.

As indicated above, the ability of U.S. |ICBW deployed in an
MPS basing conplex to survive a Soviet first strike woul d depend
on the United States having nore shelters than the Soviet Uhion
could destroy with its mssile force. Thus, the nunber of shel-
ters constructed for a U.S. MS basing system would depend cru-
cially on the size of the Soviet mssile force. Constructing
shelters, maintaining the mssiles and other equipment placed
within them and building a road network to connect the shelters
woul d be anong the major conponents of the costs of an MPS basing
compl ex.

In order to ensure that an MPS basing system contai ned
nore shelters than the Soviet missile force could destroy, the
United States would need to know within a narrow range the nunber
of Soviet warheads that might be available to attack the system
If a wide range of uncertainty about the size of the Soviet
mssile force existed, efforts to protect the survivability
of an MPS basing conplex mght require the United States to hedge
against the upper range of its estimates by constructing enough
shelters to absorb a larger Soviet attack than expected. Thus,
U.S. confidence in its estimate of the size of the Soviet mssile
force would be just as inportant in determining the required size
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of an MPS basing conplex as would the actual nunber of Soviet
mssiles available for an attack.

It is inmportant to remenber that, since an MPS basing system
woul d not becone operational until 1986 and woul d not be conpl et ed
until 1990 or 1991, it would have to be designed to counter the
Soviet mssile threat of the 1990s. Predicting the size and com—
position of Soviet strategic nuclear forces in the 1990s is diffi-
cult, however, especially since those forces may evolve both in
response to U S devel opnent and depl oynent of a new basing sys-
tem for ICBMs and in accordance with future SALT limtations and
regul ati ons. For this reason, the costs of an MPS basing system
could vary widely. Chapter Ill examnes how the costs of a U.S.
MPS basing systemwould be affected both by variations in the num
ber of warheads in the Soviet mssile force in the 1990s and by
U.S. uncertainty about the accuracy of its estimate of the nunber
of Soviet mssiles available to attack a U.S. MPS basing conpl ex.

A "No- Response" Sovi et Multiple-Warhead ICBM Force

In order to see how the costs of an MPS basing systemwoul d
be affected by variations in the nunber of warheads in the Sovi et
mssile force and by U.S. uncertainties about the nunber of Soviet
missiles available for an attack, it is necessary to estimate the
costs of a "base-case" MPS basing conplex; the inpact of changes
in the Soviet mssile force and of U.S. uncertainties can then be
neasured agai nst the base-case system For the base-case system
it is assuned that during the next decade the Soviet Union would
nmake no special efforts to respond to U.S. deploynment of an MPS
basi ng conpl ex. It is also assumed that the United States woul d
be able to estimate accurately the nunber of Soviet warheads
available to attack its MPS basing system

Three specific assunptions define this hypothesized "no-
response" Soviet mssile threat. First, it is assuned that
the nunber of Soviet |aunchers for 1CBM that could be armed with
mul ti ple warheads would be linited to 820 by the constraints
i nposed by the proposed SALT Il agreement. 3/ Second, it is

3/ For a linmted description of the nunerical limts that would
be inmposed by the SALT Il agreement, see U.S. Department of
Def ense, Annual Report, Fiscal Year 1980, p. 39
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assumed that the Soviets would be prevented from increasing the
number of warheads currently tested and deployed on each of their
multiple-warhead ICBMs. 4/ (Although a SALT Il treaty would
expire at the end of 1985, the "no-response” Soviet missile threat
is based on an assumption that SALT II limits on the number of
mul tiple~warheaa ICBM launchers that may be deployed and on the
number of warheads that may be tested on an ICBM would be extended
into the 1990s.) Third, it is assumed that the United States
would be highly confident that the Soviets did not possess extra
missiles that could rapidly be made ready for launch in a crisis
and used in an attack on a U.S. MPS basing system.

If the Soviets made no effort to arm their missiles with
more warheads than they have been tested with to date, they could
deploy 5,928 warheads on a force of 820 multiple-warhead ICBMs,
assuming that the mix of different missile types shown in Table 2
was deployed. It is assumed in this study that the Soviets would
use all of the 5,928 warheads deployed on their multiple-warhead
ICBMs in an attack on the U.S. ICBM force. Two warheads would be
targeted on each Minuteman and Titan missile silo remaining in the
U.S. force. 5/ The rest of the Soviet warheads would then be
available to aftack the MPS basing complex.

4/ The SALT |l agreement would prohibit the flight-testing of
" existing ICBMs with more warheads than they have carried on
previous flights. One "new" ICBM could be developed and
deployed during the life of the treaty; it would be limited to
10 warheads. The Soviets could, in theory, develop a new
10-warhead ICBM to replace their existing four-warhead SS-17
and six-warhead 5S-19 missiles, thereby deploying up to 8,200
warheads on their 820 multiple-warhead ICBMs. This potential
option, which is examined in Chapter Ill, would require that
the Soviets forego any plans they might have had to develop a
new, large single-warhead ICBM to replace their older single-
warhead SS-11 ICBMs. For a description of the SALT Il limits
on the number of warheads that Soviet ICBMs may carry, see
remarks of Secretary of Defense Harold Brown, reprinted
in "SALT 11," Congressional Record (April 5, 1979), p. 54089.

5/ It would be advantageous for the Soviets to launch two war-
~  heads at each U.S. silo-housed ICBM in order to increase the
probability that at least one warhead would reach the target
and explode even if the first one proved to be unreliable.
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TABLE 2. THE "NO-RESPONSE" SOVIET THREAT: ESTIMATED SOVIET MULTIPLE-WARHEAD ICBMS

IN THE POST-1990 PERIOD

Warheads

Type of per Total Yield in
Missile a/ Number b/ Missile ¢/ Warheads Megatons d/ Accuracy e/ Reliability £/

$5-18 308 10 3,080 0.6 to 1.5 500 feet 0. 85

SS19 400 6 2,400 0.55 to 0.8 500 feet 0.85

Ss17 112 4 448 0.6 500 feet 0.85
Total 820 5,928

NOTE: This table includes only Soviet multiple-warhead ICBMs. The Soviet Union

2l

also deploys a large number of SLBMs and single-warhead ICBMs, which this
paper assumes would not be used in an attack on a U.S. MPS basing complex.
Moreover, it is assumed that some Soviet multiple-warhead ICBMs would be
used to attack U. S. silo—housed Minuteman and Titan missiles.

Includes existing Soviet multiple-warhead ICBMs and similar replacement missiles
that may be developed and deployed in the future.

Assumes SALT Il multiple~warhead ICBM limit of 820, postulated to be extended
into the 1990s. The mix of SS17 and SS19 missiles shown here assumes a ratio
of the two missiles similar to that which existed in 1978, when the Soviets were
reported to have deployed more than 60 SS-17 and more than 200 SS-19 launchers.
See U.S. Department of Defense, Annual Report, Fiscal Year 1979, p. 49.

The number of warheads currently deployed on Soviet ICBMs. See U.S. Department
of Defense, Annual Report, Fiscal Year 1978, p. 62. All of the Soviet multiple-
warhead ICBMs have been tested with single warheads and some may be deployed in
this fashion. In the future, the United States would have to assume that all
missiles that had been tested with multiple warheads were so deployed. This would
also be the rule for counting the number of multiple-warhead ICBMs that may be
deployed under a SALT Il treaty.

For the lower end of the range, see Walter Pincus, "U.S. Downgrades Soviet ICBM
Yield,” Washington Post (May 31, 1979), p. A-1l. For the upper end of the range,
see Clarence A. Robinson, Jr., "MX Deployment Urged for Parity,"” Aviation Week
and Space Technology (December 5, 1977), pp. 12-15.

This is the reported current U. S. advanced technology capability and the reported
limit of accuracy for purely ballistic reentry vehicles. See Clarence A. Robin-
son, Jr., "MX Basing Delay Threatens SALT Ratification,” Aviation Week and Space
Technology (November 20, 1978), pp. 20-22.

Reliability refers to the percentage of the missiles and warheads that would
function reliably and explode in the area of the intended target. See Con-
gressman Thomas A. Downey, "How to Avoid Monad and Disaster,” Foreign Policy
(Fall 1976), pp. 18081
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In addition to these multiple-warhead ICBMs, a SALT 11
ceiling of 2,250 total strategic nuclear delivery vehicles would
allow the Soviets to deploy up to 580 single-warhead ICBMs,
assuming that the existing force of 1,400 silo-housed missiles was
retained. 6/ This would, however, require the Soviets to retire
their force of long-range bombers and to decrease their force of
submarine-launched ballistic missiles (SLBMs) from 950 to 850
missiles. 1If the Soviets chose to retain 950 submarine-launched
missiles, they would be allowed no more than 480 single-warhead
ICBMs. If the Soviets also wanted to retain a long-range bomber
force, perhaps one armed with long-range cruise missiles, they
would have to reduce their force of single-warhead ICBMs even
further.

In any case, it is assumed that the Soviets would not use
al of their land- and submarine-based missiles to attack a
U.S. MPS basing complex; in fact, a U.S. MPS basing system
would not be designed to survive an attack by the entire Soviet
ballistic missile force. Other important targets would have
to be considered in Soviet attack planning, including U. S.
industrial complexes—-especially defense industries—--and con-
ventional military facilities such as air bases, naval ports,
and troop headquarters.

Single-warhead ICBMs would be less effective in an attack
on the widely scattered shelters in an MPS basing complex than
would multiple-warhead missiles, each of which could potentially
destroy several U.S. shelters. It is therefore assumed that
Soviet single-warhead ICBMs either would be withheld from an
attack to serve as a reserve force or would be targeted on
U.S. military targets--including air bases, underground Min-
uteman launch control centers, or other command and control
facilities.

Some Soviet submarine-launched ballistic missiles might be
targeted on U.S. strategic bomber bases, naval ports, or other
military facilities. Others might be used to attack U.S. indus-
trial complexes or perhaps would be held in reserve to deter U.S.
retaliation against Soviet cities and industries or to form a
reserve force for postwar purposes. In any case, it is assumed

6/ U.s. Depatment of Defense, Annual Report, Fiscal Year 1980,
p. 71.
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that submarine-launched missiles would not be used in an attack
against a U.S. MPS basing complex. Because existing Soviet SLBMs
are relatively inaccurate and carry only a small number of war-
heads, this is probably a reasonable assumption for the next
several years. Although the Soviets can be expected to improve
the accuracy of their SBMs and to increase the number of warheads
they can carry by deploying improved multiple-warhead SLBMs,
there is some question as to whether the Soviets could ever
develop an SLBM accurate enough and capable of delivering enough
powerful nuclear warheads to be effective in an attack on a U.S.
MPS basing system. On the other hand, increases in the number
and accuracy of Soviet SLBMs may provide the Soviets with a
capability to target these missiles on U.S. facilities that would
previously have been targeted by land-based ICBMs, thus allowing
the entire Soviet multiple-warhead ICBM force to be targeted on
the U. S. ICBMs deployed in an MPS basing complex and in fixed-base
silos.

The Base-Case M ultiple Protective Structure Basing System

This section describes the "base-case® MPS basing system.
The section shows how the construction of a large number of
shelters~—any one of which could contain a missile-—-might provide
the U.S. ICBM force with retaliatory capabilities that could
survive a Soviet first-strike attack. The number of warheads in
the Soviet ICBM force available for an attack on a U. S. MPS basing
complex and the degree of U.S. confidence in its estimate of the
size of that missile force would be the most important factors
determining the size and costs of such a basing system. Two other
factors would aso have an important impact on the costs of an MPS
basing system.

Number of Surviving Warheads. The first factor would be the
desired number of surviving U.S. warheads that an MPS basing
system would be designed to provide after it had absorbed a Soviet
first-strike attack. The desired number of surviving warheads
is, of course, an important policy choice. It would depend upon
two key judgments. First, a general policy decision would have
to be made as to what portion of the various kinds of Soviet
targets the United States should be able to destroy in a major
retaliatory strike. A second decision would then have to be made
as to the specific role of land-based ICBMs in overall U.S.
nuclear targeting strategy.
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The base-case system assumes that the United States would
want 1,000 surviving warheads for a retaliatory strike. Such a
force would be able to destroy most industrial targets in the
Soviet Union. Alternatively, the surviving warheads could be
used to attack Soviet military targets, leaving the task of
destroying Soviet industry to submarine and bomber forces. More
likely, the surviving U.S. ICBMs would be targeted on a mix of
Soviet industrial and military facilities. |If the United States
wanted an ICBM force that could absorb a Soviet first-strike
attack and destroy a significant number of both Soviet industrial
targets and military facilities, a larger number of surviving
warheads would be required. 7/ The various alternatives are
examined in the next section of this chapter and in Chapter 1V.

Type of Missile. The second factor that would affect the
total costs of developing, constructing, and operating an MPS bas-
ing system would be the type of missile deployed. The base-case
system assumes that anew large M X missile capable of carrying 10
warheads would be deployed. 8/ Other missile options, such as the
use of existing Minuteman Il missiles or the development of a
smaller missile that could be deployed either in an MPS basing
system or aboard Trident submarines, are examined in Chapter V.

An MPS basing system consisting of 5,500 vertical shelters,
spaced at distances of 7,000 feet, 9_/_ and 310 10-warhead MX

7/ The missiles deployed in an MPS basing system are assumed
to be armed with MK-12A warheads, each with a reported
yield of 335 kilotons. See Clarence A. Robinson, Jr., "MX
Basing Delay Threatens SALT Ratification,” Aviation Week and
Space Technology (November 20, 1978), pp. 20-22. Other
warhead options are available, including a larger, 500-kiloton
warhead. @ See Edgar Ulsamer, "MX Status Report,” Air Force

Magazine (May 1979), pp. 22-25.

8/ The proposed SALT Il agreement is assumed to limit the number
of warheads tested and deployed on each MX missile to 10.
See "SALT II," p. 54089,

9/ Shelters in an MPS basing complex would be spaced far enough
apart so that a Soviet warhead exploding at or near one
shelter could not destroy the adjacent shelters. Spacing of
7,000 feet would provide considerable hedging against the
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missiles could provide 1,000 surviving warheads if the Soviet
Union was limited in the 1990s to the "no-response"” multiple-
warhead ICBM force shown in Table 2, and if the United States
was correct in its estimate of the size of the Soviet missile
force. Such a system is estimated to cost $34.7 billion, in
constant fiscal year 1980 dollars. This is the least expen-
sive of many possible combinations of vertical shelters and MX
missiles that could provide 1,000 surviving warheads after having
absorbed an attack by the "no-response™ Soviet multiple-warhead
ICBM force. 10/

Table 3 provides more detail on the cost of the base-case
MPS basing system. Although the costs shown are careful esti-
mates, some uncertainty will surround those for developing,
deploying, and operating an MPS basing system until experi-
ence has been gained in constructing shelters and roads, in
procuring the missiles and other equipment, and in operating the
system.

An MPS basing system with 5,500 shelters and 310 MX missiles
could provide 1,000 surviving warheads by ensuring that the
United States would have more shelters for its missiles than the
Soviets could destroy. Of the 5,928 warheads carried on the
"no-response” Soviet multiple-warhead ICBM force, only 4,440
warheads would be available to attack a U.S. MPS basing complex.
The remaining 1,488 warheads would have to be used to attack 54
Titan ICBMs and the 690 silo-housed Minuteman ICBMs that would
remain in the U.S. force after deployment of 310 MX missiles

possibility that the shelters would be less resistant
to nuclear effects than anticipated, that the effects
of nuclear explosions would be more destructive than es
timated, and that the interaction of multiple nuclear
detonations would be more severe than the sum of the effects
of individual detonations.

10/ All cost estimates presented in this paper were derived from
the MX Cost Effectiveness Model developed by the Space and
Missile Systems Organization of the Air Force. All assump-
tions as to the number and characteristics of Soviet ICBMs
and the desired number of surviving U.S. warheads were
supplied by CBO. Appendix A provides a brief description of
the MX Cost Ef fectiveness Model.
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TABLE 3. QOOSTS OF THE BASE-CASE MULTIPLE PROTECTI VE STRUCTURE
BASING SYSTEM WTH 5,500 VERTI CAL SHELTERS AND 310 MK

M SSI LES: IN BILLIONS OF FISCAL YEAR 1980 DOLLARS
Net Qperating G and
Devel opnent | nvest nent (125 Years) a/ Tot al
(o] —
Mssile 4.7 5.¢ -
Basi ng 2.4 17.0 — -_—
Tot al 7.1 22.2 54 A7

NOTE  Costs assune an MPS basing conplex that could provide 1,000
survi ving war heads. Not included are the costs of 3,100
nucl ear war heads; those costs are classified.

a/ Net operating costs. Total operating costs for 12.5 years

~  would be $7.1 billion. The savings that would be gained
from the retirenment of 310 Minuteman nissile silos, anounting
to $1.7 billion, have been subtracted.

in the MPS basing system. 11/ O the 4,440 Soviet warheads
available to attack the US MS basing conplex, it is assumed
that only 3,774--or 85 percent—-would function reliably and reach
their intended targets.

11/ Under a SALT Il treaty or a simlar future agreement, sone
T existing strategic weapons, probably either silo-housed
Mnuteman mssiles or Poseidon subrmarine-launched ballistic
mssiles, would have to be retired from the force as new
systenms, such as the MX missile, were introduced. It is
assurmed in this report that the Whited States would naintain
a force of 550 multiple-warhead ICBMs and that one existing
silo-housed Mnuteman 11l nissile would be retired for each
new m ssil e deployed in an MPS basing system Under the SALT
Il provision linmting to 1,320 the nunber of multiple-warhead
| CBMs, nultiple-warhead SLBMs, and aircraft arnmed wth
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Virtually all reliable Soviet warheads would destroy the
MPS basing system shelters on which they were targeted. This
is because the accuracy of Soviet missiles is likely to con-
tinue to improve during the next decade and because Soviet
missiles carry large, powerful warheads. In addition, the
U.S. shelters constructed for an MPS basing complex would provide
less protection against nuclear blast and shock effects than
would existing Minuteman silos. If 98 percent of the reliable
Soviet warheads were able to destroy the shelters on which
they were targeted, the Soviets could destroy about 3,700 U.S.
shelters. 12/

If the Soviets could destroy 3,700 of the 5,500 shelters
in a U. S. MPS basing system with their multiple-warhead ICBM
force, 1,800 shelters——or about 33 percent—--would remain intact.
If the Soviets did not know in which shelters the 310 MX mis
siles were located, about 33 percent of the MX missiles, or 100

-

long-range cruise missiles, a force of 550 multiple-warhead
ICBMs would allow deployment of 173 B-52 bombers with long-
range cruise missiles and 597 multiple-warhead SLBMs in
Poseidon and Trident submarines.

12/ This is based on two assumptions about the capabilities
of Soviet ICBMs in the 1990s. that Soviet missiles would
be accurate to within 500 feet of their targets, and that
Soviet warheads would have explosive power of 550 kilo-
tons to 1.5 megatons (see Table 2). The assumption is
also made that the vertical shelters in an MPS basing
system could withstand blast pressures of 600 pounds per
square inch. See Clarence A. Robinson, Jr., "SALT Stance
Allows New Missiles,” Aviation Week and Space Technology
(April 24, 1978), pp. 16-19. Finally, the assumption is made
that the Soviet warheads exploding in the area of each U. S.
shelter would not disable or destroy other Soviet warheads
arriving at nearby shelters (that is, there would be no
"fratricide"”). To the extent that some Soviet warheads would
either miss their intended targets or would be disabled by
nearby nuclear explosions, more U.S. shelters would survive
than assumed.
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mssiles with 1,000 warheads, would be expected to survive an
attack. 13/

The base-case system shown here nay differ from the program
eventual ly proposed by the Departnent of Defense. The Aixr Force
is apparently considering depl oynent of an MPS basing system With
200 MK missiles and 4,500 vertical shelters, 147 at a total cost
of about $29.6 billion (including an estimated $24.4 billion
for developnent and deployrment and about $5.2 billion for oper-
ating for 12.5 years). As conpared to the CBO base-case system
the smaller system could absorb fewer warheads, provide fewer
surviving US warheads, or some conbination of the two.

Varying the Desired Nunber of Surviving Warheads

As already suggested, the costs of an MPS basing system
woul d vary sonewhat with the nunber of surviving warheads that it
was expected to provide. Table 4 shows a range of nunbers of
surviving warheads and the associated costs. Two i nportant
conclusions can be drawn from the table. First, providing even
a relatively small nunber of surviving warheads would require
maj or expenditures. Thus, an MPS basing systemthat could provide
500 surviving warheads would cost $30.9 billion, about $4 billion
less than a system that could provide 1,000 surviving warheads.
Second, the costs would not vary in proportion to the nunber of
survi ving war heads. A system that could provide 1,000 surviving
war heads would cost $34.7 billion, while a system providing

13/ The percentage of surviving mssiles would be the same as the
percentage of surviving shelters only if the Soviet attack
was not unexpectedly lucky or unlucky. There is a slight
chance that all of the shelters housing mssiles would be
destroyed in a Soviet attack; there is a simlarly snall
chance that none of the shelters containing mssiles would be
dest r oyed. Either of these outconmes would be very inprob-
abl e, however. For exanple, there is only a 10 percent
chance that fewer than 80 nissiles would survive an attack.

_H/ Fiscal Year 1980 Arns Control |Inpact Statenents, Senat e
Committee on Foreign Relations and House Committee on Foreign
Affairs, Joint Conmittee Print, 96:1 (Mrch 1979), p. 6.
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TABLE 4. QOOSTS OF A MULTI PLE PROTECTI VE STRUCTURE BASI NG SYSTEM
WTH MX MSSILES, |IN RELATION TO THE DESIRED NUMBER CF
SURMI VI NG WARHEADS: IN BILLIONS OGF FISCAL YEAR 1980
DALLARS

Desired Nunber of Surviving War heads

500 1, 000 1, 500 2, 000
Total Cost 30.9 A7 37.8 40.7
Nunber of Shelters 4, 700 5, 500 6, 100 6, 700
Nunber of MX Mssiles 190 310 420 520

2,000 surviving warheads woul d cost $40.7 billion=--only $6 billion
nmore for tw ce as nany warheads. In short, deploying an MPS
basing system would require a high fixed, or "threshold," cost;
but increasing the nunber of surviving warheads would require a
relatively snall extra, or "narginal," cost.

The fact that an MPS basing systemwould have a high thresh-
old cost and a low marginal cost is shown in a sonmewhat dif-
ferent: way in Figure 1. The graph in the figure plots the
rel ati onship between the nunmber of US warheads that would
be expected to survive a Soviet attack and the nunber of shel-
ters and MX missiles deployed in the system The flat por-
tion of the graph on the left represents the high threshold
cost. Deploynent of the first 2,500 shelters, slightly |ess
than half of the total base-case MPS basing system would pro-
vide only about 150 surviving warheads. This situation would
change only gradually until the United States had deployed
more shelters than the Soviet Union had reliable, accurate
war heads available to attack the conplex. By the tinme the
Lhited States had depl oyed 4,500 shelters, nore than the Soviets
could destroy with their mssile force, each additional increment
of shelters and missiles deployed would add significantly to
the nunber of surviving warheads provided by the system The
latter situation is represented by the steep upward portion
of the graph.
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Figure 1.

Number of Surviving Warheads on MX Missiles in
Relation to the Number of Shelters Deployed in a
U.S. MPS Basing System
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NOTE: This figure is based on the following assumptions: that MX missiles would be deployed in the MPS
basing system in a ratio of 1 missile for each 17.7 shelters; that the Soviets would have 5,928 war-

heads in their "no-response" multiple-warhead ICBM force to target on the U.S. MPS basing complex

and on the silo-housed Minuteman and Titan missiles remaining in the U.S. force (assuming that one
Minuteman silo would be dismantled for each MX missile deployed); that 85 percent of the Soviet
missiles would be reliable; and that each warhead from a reliable missile would have a 98 percent
chance of destroying the shelter on which it was targeted. For the cases in which the Soviets would

have enough warheads to target two weapons on some or all of the U.S. shelters, the assumption was
made that the second warhead would have a chance to reach the area of the target and detonate only

if the first warhead proved to be unreliable and failed to reach the targeted U.S. shelter.
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Three concl usions can be derived from the rel ationshi ps shown
in Figure 1

Indivisibility of the System First, it would nmake 1little
sense for the United States to deploy only part of an MPS basing
system If an MPS basing conplex is to be successful in providing
surviving warheads, a large nunber of shelters and mssiles nust
be depl oyed. Thus, an MPS basing systemis "indivisible" in the
sense that the Congress could not reduce the size of the proposed
shelter construction program without jeopardizing the prinary
pur pose of the system

Tine Lag. Second, because an MPS basing system for ICBMs
woul d provide very few surviving, warheads until nore shelters had
been constructed than the Soviets could destroy, the vulnerability
probl emwoul d not be solved until several years after construction
of the system had begun. Under current planning, selection of a
site for an MPS basing conplex is scheduled to take place in 1980.
Acquiring the rights to use the land for a major nmlitary project
woul d take another three to four vyears. Preparation of the land
woul d begin in 1983 and shelter construction would start in 1984,
with the first few hundred shelters scheduled to be conpleted in
1985 and becone operational in early 1986. Under current plans,
construction would take place over a period of five years, 15/
with conpletion of the system scheduled for 1990 or 1991 Until
the late 1980s, then, the United States would not have nore
shelters than the Soviet Union had warheads available to attack
the system Although the construction of nore shelters each
year would increase the number of warheads that the Soviet
Union would have to use to attack the U.S. ICBM force, thereby
leaving the Soviets with fewer warheads after an attack, an MPS
basing system would provide very few surviving warheads until
the | ate 1980s.

Because the Departnent of Defense expects a substantial
threat to the survivability of the existing silo-housed Minuteman
and Titan mssiles to exist by the early 1980s, the Congress nay
wish to examne options to accel erate devel opment and depl oynent
of an MPS basing system Speedi ng the deploynent of shelters—-

15/ U.S. Departrment of the Air Force, MX; Mlestone |I, Final

Environnmental |npact Statement, Part |, Program Overview
(Cct ober 1978), p. I-20,
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either by starting construction earlier or by constructing
nore each year--would be the nost inportant way of doing this.

The I nportance of the Pace of Shelter Construction. A third
conclusion follows fromthe fact that an MPS basing system woul d
provide few surviving warheads until a large nunber of shelters

had been constructed: the conpletion date would be nuch nore
inportant than the date when an initial operating capability was
achi eved. Because the pace of shelter construction, rather than

of missile production, would probably be the factor determ ning
the date of conpletion, efforts to accel erate devel opnent of a new
mssile may be less pressing than land acquisition and shelter
construction.

PREVENTI NG SOV ET DETECTI ON GF M SS LE LOCATI CN

An MPS basing system that contained nmore shelters than the
Sovi ets coul d destroy woul d provi de surviving warheads only if the
Sovi ets could not distinguish the shelters that contained nissiles
fromthose that were enpty. 1f the Soviets were able to deternine
the location of a large number of U.S. missiles, they could target
two warheads on each of those shelters known to be occupied, thus
providing a high probability of destroying the mssiles housed
within them Gonversely, if the Soviets could identify shelters
that did not contain nissiles, they could |eave those shelters
untargeted and use their warheads to attack a greater percentage
of the renmining shelters. Moreover, over time it might be
possible for the Soviets to use information about whether or not
certain shelters contained mssiles to determne the chances that
other shelters in the systemcontained nissiles. 16/

Potential Methods of Detection

Several potential detection nethods might provide the Soviets
with a neans to distinguish shelters containing mssiles from
those that were enpty. By observing the novenent of missile

16/ For exanple, if the Soviets knew that a group of 20 shelters

" contained only one nissile, detection of the location of
the mssile would also reveal the location of the 19 enpty
shel ters.

31



transporters over the aboveground roads constructed for a conpl ex
of vertical shelters, the Soviets mght be able to determne in
which shelters the U S mssiles were emplaced unless identical
visits were nade by transporters to all the shelters, not just to
those in which nmissiles were deposited. Mor eover, missiles
display an array of potentially observable characteristics, or
"signatures"-—-including their mass, heat, and nagnetic properties,
as well as their chemcal, nuclear and el ectronagnetic emssions.
The presence or absence of these signatures mght be detected by
Soviet sensors, thereby allowing the Soviets to distinguish
shelters containing mssiles fromthose that were enpty.

In theory, it night be possible for the Soviets to inplant
sensing devices close to the shelters or on the roads over which
the transporters would nove the nissiles. This threat would be
particularly worrisone if political and environnental constraints
dictate that an MPS basing system have "point" security—--small
fenced-off "islands" of secured land around each shelter—--rather
than "area" security, which would restrict access to the entire
depl oynent area. Future sensors in satellites mght also be able
to observe the novenment of the transporters or to detect some of
the mssile signatures.

U.S C(Count erneasures

To minimize the danger that the Soviets could distinguish
shelters containing missiles from those that were empty, a U.S.
MPS basing system would incorporate countermeasures designed
to mate the Soviet detection task difficult. The most important
U.S. countermeasure would be the use of "simulators,” which would
duplicate most missile signatures in order to mate it difficult to
distinguish shelters and transporters containing missiles from
those that were empty. 17/

17/ A number of procedures could be instituted to reduce the
signatures themselves. For example, if the guidance system
of a missile was kept inactive, or "dormant,” it would gen-
erate less heat. Measures could also be taken to neutralize
the magnetic field created by a missile and its canister—-
a process known as "degaussing.” Some signatures could be
shielded. Transporter vehicles could be constructed so
as to prevent or reduce the emanation of some signatures—-
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Vertical Shelter System. In a vertical shelter system,
transporters would travel to all of the shelters in the basing
complex, not just to those in which missiles were deposited. At
the shelters where missiles were deposited, crews would position a
transporter over the shelter, remove the door, stand the container
holding the missile canister upright, and lower the canister
into the shelter. 18/ After a missile was emplaced in a shelter,
the transporter would pick up a set of metal rods housed in
each shelter between the inside wall and the space allowed for the
missile canister. The metal rods, which would have the same
weight as a missile in a canister, would then be carried by the
transporter among several other shelters. At the shelters where a
missile was not deposited, the transporters would lower the rods
into the shelters and pull them out again, thus simulating the
actual emplacement of a missile (see Figure 2).

The simulators used to duplicate missile signatures would
also be "seeded" with chemical materials to foil sensors designed

nuclear, chemical, infrared, magnetic, or others. The
underground concrete shelters would also have an inherent
capacity to shield some missile signatures.

18/ Missiles deployed in an MPS basing system would be placed in
cylindrical steel canisters along with the equipment neces-
sary to support and launch the missiles. This would avoid
the need to provide missile-support equipment at each shel-
ter, which would be costly in a system containing several
thousand shelters. (The missile-support equipment inside
the canisters would cost about $4.6 million per set. If this
equipment were placed in all 5,500 shelters, total costs
for the missile-support equipment alone might be more than
$20 billion.) Each canister would contain a missile, an
environmental control system designed to maintain the tem-
perature and humidity of the missile within a certain range
of toleration, a shock isolation system designed to protect
the missile and its support equipment from the ground
motion effects of a nearby nuclear explosion, batteries for
emergency power, communications equipment, systems for
programming the missile's guidance and for monitoring its
status, and a launch mechanism. In addition, the canister
would provide some protection against electromagnetic
disturbances caused by nuclear detonations.
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Figure 2. MULTIPLE VERTICAL SHELTER SYSTEM
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to detect the presence of rocket fuel; transporters would be
seeded with nuclear materials in order to foil sensors designed
to detect nuclear warheads. In addition, the simulators would
i nclude heat and noise generators that would duplicate the
anount of heat and the acoustic signature given off by a ms-
sile's guidance system Shelters housing sinmulators would have
to draw the same level of electric current as those that housed
mssiles; |ikew se, these shelters would have to communicate at
random tines with the launch control facilities in order to
duplicate the signals that missiles would send to indicate a
nmal functi on.

As often as required, nmaintenance crews would visit the
shelters to repair nalfunctions in the nissile-support equipnent
contained in the canisters along with the nissiles. The need
to disguise the location of the missiles would require that
mai ntenance crews nake visits to "enpty" shelters (those con-
taining netal rods) as well, and that crews act in exactly the
same fashion at shelters housing netal rods as when naki ng act ual
repairs at shelters containing mssiles. A fewtines a year, the
mssiles thenselves would require naintenance work; then, the
entire canister would be renoved fromthe shelter by a transporter
and carried to one of the naintenance facilities interspersed
anong the shelters. Visits to enpty shelters would also have to
be made in order to maintain Soviet uncertainty about the forner
position of the mssiles. Wen repaired mssiles were returned to
the shelter conplex, transporters would visit a series of enpty
shelters as well, to prevent the Soviets fromdetermning the new
locations of the nissiles.

If the use of sophisticated sinulators and careful operating
procedures nmade it inpossible to distinguish a shelter housing a
mssile from one containing only a similator, it would not be
necessary to shift frequently the location of the mssiles.
Instead, the mssiles would be rotated only a fewtimes each year,
when they required repairs. M nim zing the novenent of the
mssiles would be inportant in holding down operating costs for an
MPS basi ng system

O course, elaborate neasures taken to conceal the |ocation
of the mssiles would increase the costs of an MPS basing system
The costs of the base-case MPS basing system include nore than
$00 mllion for counterneasures. In addition, the operating and
mai nt enance costs of the base-case system (as well as the other
MPS basing system costs shown in this paper) assune that visits
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woul d be nmade by transporters and maintenance crews to shelters
not housing mssiles.

Trench System  Preventing the Soviets from determning the
location of U.S. mssiles deployed in a system of underground
hori zontal shelters connected by trenches covered wth renovable
roofs would be a somewhat different task than maintaining secrecy
about the location of mssiles deployed in a vertical shelter
system In some ways, the task mght be less difficult. Because
the mssiles would nove among the shelters under the cover of the
removabl e roofs, it mght be nore difficult for the Soviets to
observe their novement. In addition, it would not be necessary
for repair crews to feign maintenance visits to enpty shelters.

An ability to nmove mssiles rapidly on trains wthin the
trenches mght also ease the detection problem |If mssiles coul d
be noved rapidly after a Soviet mssile attack had been |aunched,
their ability to survive the attack woul d not depend conpletely on
prior success in having prevented the Soviets from determ ning
their |ocation.

Neverthel ess, potential problenms in preventing the Soviets
fromlocating the mssiles deployed in a trench system mght still
exist. If only small areas around the shelters constructed wthin
the trenches were fenced off for security purposes, the danger
woul d exist that sensors could be placed along sections of the
trench connecting the shelters. These sensors m ght be able
to "hear" the noverment of the missile trains, thereby indicating
where the mssiles were stationed. To counter such a threat, it
mght be necessary to enploy "mass simulators” that would nove
along the trenches, making sounds simlar to those generated by
the noverrent of mssiles.

Preventing Detection Over the Long Run

The threat of Soviet detection of the location of U.S.
mssiles deployed within an MPS basing system is not, and can
never be, conpletely elimnated. The problem is of particular
concern because the United States mght have little or no warning
prior to the outbreak of war that the Soviets had devel oped a
system for locating U.S. mssiles. In addition, new nethods of
detection, as well as refinenents of old methods, nmay appear over
time with the devel opment of sensor technol ogy; each innovation
may, in turn, require implementation Of a U.S. counterneasure.
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The Mr Force therefore envisages establishing a program that
would help ensure the long-term security of an MPS basing system
by investigating new methods of detection and devising procedures
to foil them. Such a program would be analogous to the SSBN
Security Program currently operated by the Navy to assure the

enduring survivability of the U.S. ballistic missile submarine
fleet.
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CHAPTER II1. SOVIET RESPONSES AND U.S. UNCERTAINTIES

In developing the costs of the base-case MPS basing system
described in Chapter 1I, two key assumptions about the nature of
the future Soviet threat to a U.S. MPS basing system were made.
First, it was assumed that the Soviets would make no special
effort to increase the number of warheads in their ICBM force.
Second, it was assumed that the United States would have high
confidence in its estimate of the size of the Soviet missile
force. 1/ If these assumptions are accurate, a multiple protec-
tive structure basing system that could provide 1,000 surviving
warheads would cost about $34.7 billion in 1980 dollars. 2/ This
cost is based on the deployment of 310 MX missiles in a complex of
5,500 vertical shelters. Costs would be higher if missiles were
deployed in a network of trenches.

But the Soviet threat against which the United States plans
its MPS basing system is not fixed and known; rather, it is
changing and uncertain. Between now and the 1990s, the time when
a u.Ss. MPS basing system would become fully operational, the
.Soviets will have many options available to them, and their
choices may ultimately be influenced by the specific programs
undertaken by the United States. They may, of course, be regu-
lated by the limits of the proposed SALT Il treaty and by a
future SALT agreement negotiated in the 1980s. It is reasonable,
however, to assume that improvements to Soviet strategic nuclear
forces will continue during the 1980s.

Indeed, the Soviets may seek to develop and deploy weapons
that would threaten the survivability of a U.S8. MPS basing
system. Soviet military doctrine apparently seeks to deter war
with the United States by acquiring capabilities to defeat and

1/ It was also assumed that the Soviets could not develop a
capability to detect in which shelters the U.S. missiles were
housed.

2/ All the costs shown in this paper are in constant fiscal year
1980 dollars.
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destroy U.S. strategic forces either in a preemptive nuclear
strike or by active defense before those forces could inflict
damage on the Soviet homeland. 3/ Continued Soviet allocation of
large amounts of resources to civil defense programs and to the
development of air defenses against U.S. bombers has been cited as
evidence that Soviet strategic programs are being implemented in
consonance with that doctrine. Moreover, consistent with their
stated doctrine of having strategic forces with the ability
to destroy an enemy's means of waging war, the Soviets are
building missile systems that pose a threat to the U.S. silo-
housed Minuteman and Titan ICBM force. The Soviets may, in the
future, seek to acquire a capability to strike U.S. land-based
ICBMs deployed in an MPS basing system.

More Soviet Warheads.  The most obvious Soviet response to
deployment of a U.S. MPS basing system would be to increase the
number of missiles and nuclear warheads that could be used to
attack the complex. An increase in the number of Soviet missiles
and warheads would reduce the number of U.S. shelters, and hence
missiles, that could be expected to survive a Soviet attack. To
maintain the ability of its MPS basing system to provide surviving
warheads for a retaliatory strike, the United States would have to
construct additional shelters and deploy additional missiles.
An expensive competition of this sort might be avoided by negoti-
ating verifiable future SALT limits on the number of missiles and
warheads that could be deployed.

U.S. Uncertainty. A more subtle and perhaps more danger-
ous concern is that the Soviets might produce large numbers of
extra missiles that could, in a crisis, rapidly be made ready
for launch. Such a danger might exist today. It would grow
in importance, however, if the United States deployed an MPS
basing system, because the survivability of an MPS basing com
plex would depend on the U.S. ability to estimate accurately
the number of Soviet missiles and warheads that could be tar-
geted against the basing complex. Without an accurate esti-
mate of the size of the Soviet ICBM force, the United States
could not determine the number of shelters it would need to

3/ See Fritz W. Ermarth, "Contrasts in American and Soviet
Strategic Thought,” International Security (Fall 1978);
Stanley Sienkiewicz, "SALT and Soviet Nuclear Doctrine,"
International Security (Spring 1978).
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construct in order to ensure with high confidence that its MPS
basing conplex contained nore shelters than the Soviets could
destroy. 4/

To guard against the possibility that the nunber of Soviet
ICBMs available to attack the MPS basing system m ght be greater
than the best estimate provided by U.S. intelligence agencies, the
United States could construct nore shelters than required by that
best estinate. Such a course would, however, increase the costs
of a U.S. MPS basing system Uncertainty about the nunber of
Soviet nmssiles could be reduced or elininated by a verifiable
limt on missile production and stockpiles, a type of limtation
that has not been included in the SALT | treaty or, with one

exception, in the proposed SALT || agreenent.

If the assunptions nmade in Chapter |l about the nature of the
future Soviet ICBMthreat were to be altered, the costs of a U.S.
MPS basing system would change accordingly. The follow ng sec-

tions consider alternative assunptions about the future Soviet
threat and about U S confidence in its estinate of that threat in
order to assess the inpact of such changes and possi bl e uncertain-
ties on the costs and survivability of an MPS basing system The
analysis is based on a system of vertical shelters, although the
general conclusions would apply to other types of MPS basing
systems. .

CHANGES IN THE NUMBER CF SOMTET M SS LES AND WARHEADS

The costs of an MPS basing system woul d depend on the nunber
of warheads in the the Soviet ICBM force. Any effort by the
Soviet ULhion to increase the nunber of warheads in its mltiple-
warhead ICBM force would require the United States to construct
additional shelters and to deploy additional missiles if it
wished to naintain the ability of its MPS basing systemto provide
survi ving war heads. Conversely, if the Soviets were required by

4/ On the other hand, an MPS basing system would have the

T desirable attribute that its survivability would not be
sensitive to inproverments in the accuracy of Soviet nissiles
or the explosive power of Soviet warheads, two areas where
the Soviets have placed great enphasis in the past several
years.
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a verifiable future SALT agreement to reduce their missile force,
the costs of an MPS basing system would drop.

The Soviets could, in the absence of SALT constraints,
increase the number of warheads in their ICBM force in two ways.
First, the Soviets could convert their large multiple-warhead
ICBMs to carry a greater number of smaller, less powerful nuclear
warheads than they presently carry. By dividing their missile
payloads into a greater number of smaller warheads--a process
termed “"fractionation"--the Soviets could potentially deliver a
larger number of warheads with the 820 multiple-warhead |CBMs
contained in the "no-response” Soviet missile threat outlined in
Chapter Il. Second, the Soviets could deploy more than 820
mul tiple-warhead [CBMs. In addition, various combinations of
these two general responses might be available to the Soviets.

Deployment of More Warheads On a Fixed Number of Missiles

The Soviets possess a significant potential capability
to convert their multiple-warhead ICBMs to carry a greater
number of smaller warheads. Since the mid-1970s, the Soviets have
been deploying very large multipleewarhead ICBMs: the S8s-17,
$5-18, and SS-19 missiles. These missiles have so far been
flight-tested with only a relatively small number of large,
powerful nuclear warheads. For example, the SS18 missile, the
largest of the new Soviet ICBMs, has been flight-tested with up to
10 warheads, each with a reported potential explosive power in the
600-kiloton to 1.5-megaton range. 5/ In the absence of SALT
restrictions, such powerful missile boosters could be adapted
to deliver a much larger number of smaller warheads. For example,
it is estimated that, in the absence of verifiable SALT limits,
rockets of the SS18 missile size could theoretically deliver some
25 200-kiloton warheads, the approximate size of the warheads

_5_/ See Walter Pincus, "U.S. Downgrades Soviet ICBM Yield," Wash-
ington Post (May 31, 1979), p. A-1; and Clarence A. Robinson,
Jr., "MX Deployment Urged for Parity,” Aviation Week and Space
Technology (December 5, 1977), pp. 12-15. The explosive
power, or "yield,” of a nuclear warhead is commonly measured
in tons of TNT. A one-megaton warhead has an explosive power
equivalent to one million tons of TNT, and a one-kiloton
warhead the power of one thousand tons of TNT.
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reportedly deployed on the three-warhead U.S. Minuteman Il
missile. 6/

To achieve this capability would require extensive flight
testing, and difficult engineering problems would have to be
overcome. A large number of new, smaller warheads would have
to be developed and produced. In addition, by reducing the
explosive power of their nuclear warheads, the Soviets would
increase the risk that, because of an overly optimistic estimate
of the accuracy of their missiles, an attack on a U.S. MPS basing
complex might leave many more U.S. shelters and missiles surviving
than anticipated. @ The chances that Soviet missiles might fail
to deliver their warheads with sufficient accuracy might also
be increased with larger numbers of warheads because accuracy
tends to decline as successive warheads are released during a
missile's flight. 7/ Traditionally, the Soviets have preferred
weapons with massive firepower, but smaller warheads may become
practicable if the accuracy of Soviet missiles continues to
improve and also if the United States deploys an MPS basing system
with shelters less resistant to nuclear blast and shock effects
than the existing Minuteman silos.

The Soviet potential for deploying larger numbers of smaller
warheads on their missiles may, to a large extent, be limited

6/ Soviet SS-19 and SS-17 rockets might be capable of delivering

T 14 200-kiloton warheads. See Clarence A. Robinson, Jr.,
"MX Basing Delay Threatens SALT Ratification,” Aviation
Week and Space Technology (November 20, 1978) pp. 20-22.
It 1s important to note that this is only one estimate
of the warhead-carrying capacity of Soviet missiles, an
estimate based on a certain warhead size. Secretary of
Defense Brown has alluded to the possibility that the Soviets
could deploy 20 to 40 warheads on their largest ICBMs. See
remarks of Secretary of Defense Harold Brown on SALT Il
and the national defense before the Council on Foreign
Relations and the Foreign Policy Association of New York City,
reprinted in "SALT I1," Congressional Record (April 5, 1979),
p. $S4089.

7/ See Department of Defense Authorization for Appropriations
for Fiscal Year 1979, Hearings before the Senate Committee
on Armed Services, 95:2 (April and May 1978), Part 9, p. 6471
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during the first half of the 1980s by the proposed SALT Il agree-
ment. It provides that existing missiles may be flight-tested
with no more warheads than they have carried in previous tests.
Moreover, the one new ICBM that each side will be alowed during
the treaty period may be tested with no more than 10 warheads. 8/
Such a fractionation limit, coupled with a limit on the number
of multiple-warhead ICBMs, would put a cap on the allowable number
of Soviet warheads-—assuming that Soviet compliance with these
limits could be effectively monitored and enforced by the United
States. 9/ Unless warhead limits of this kind were extended into
the 1990s, however, the large size of Soviet rockets would provide
a significant potential for the Soviets to increase the number of
warheads in their ICBM force.

Deployment of More Multiple-Warhead ICBMs

The Soviets also have the potential to increase the number
of multiple-warhead ICBMs in their silo-housed missile force.
Three Soviet production lines for multiple-warhead ICBMs are

8/ See "SALT II," p. $S4089.

9/ It should be noted that effective verification of Soviet
compliance with a limit on the number of warheads that may be
flight-tested on an ICBM rests on the assumption that Soviet
missiles converted to carry larger numbers of smaller warheads
would have to be fully flight-tested before they could confi-
dently be deployed. Questions have been raised about whether
or not the Soviets could test missiles capable of carrying
more than 10 warheads without actually releasing more than 10
during the flight. Indeed, the Soviets have reportedly tested
a version of their $5-18 missile that is capable of delivering
more than 10 warheads. See Edgar Ulsamer, "The Shakiness of
SALT II," Air Force Magazine (May 1979), p. 22. Also see
Richard Burt, "Soviets Reported to Add to Load Missile Can
Fire,” New York Times (March 14, 1979), p. 1; and Robert
G. Kaiser, "Soviet Rocket Test Raises SALT Issue,” Washington
Post: (March 15, 1979), p. A-25. Whether further testing of
this version of the SS18 would be prohibited by the SALT II
accord would depend on the specific wording of the treaty
provisions. There is also the question of whether the United
States can effectively monitor Soviet missile testing.
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in operation, and about 125 missiles are deployed each year. 10/
Under the terms of the SALT | agreement, which expired in October
1977 but is still being observed by the United States and the
Soviet Union, one single-warhead missile must be retired for each
new multiple~warhead missile that enters the Soviet force. Hence,
while the total number of warheads deployed on Soviet silo-housed
ICBMs has increased, the number of ICBMs deployed in fixed silos
has remained within the SALT 1 limit of 1,400 launchers. 11/ As
of early 1979, the Soviets had deployed 500 multiple-warhead
ICBMs. 12/ With continued deployment of 125 missiles each year,
the Soviets would have 820 launchers for multiple-warhead ICBMs by
1982.

Under the proposed SALT II agreement, the Soviet program of
replacing older singleewarhead ICBMs with new multiple-~warhead
missiles would have to cease in the early 1980s when the allowable
limit of 820 multiple-warhead ICBM launchers was reached. But
SALT Il would expire at the end of 1985  Without future SALT
constraints on the size of the Soviet ICBM force, the Soviets
could continue to increase the number of multiple-warhead ICBMs
that could potentially be used to attack a U.S. MPS basing
complex.

In order to show the impact of possible changes in the
number of Soviet warheads on the costs of a U.S. MPS basing
system, several alternative Soviet ICBM force structures in
the post-1990 period are examined in this chapter. Because of
the close relationship between the number of Soviet warheads
available to attack an MPS basing system and the required number
of U.S. shelters, the costs of deploying and operating an MPS
basing system would vary greatly with the number of warheads
deployed in the Soviet ICBM force. The number of Soviet warheads
depends, in turn, on two key factors: the number of Soviet
mul tiple-warhead ICBMs and the number of warheads carried on
each Soviet missile. Success or failure in controlling these

10/ u.s. Department of Defense, Annual Report, Fiscal Year 1980,
p. 72.

11/ 1bid., p. 71

12/ 1bid., p. 72.
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measures in future SALT agreements would have a great impact
on the costs of an MPS basing system. The lower the limits
imposed by future SALT agreements, the lower would be the costs
to maintain a given number of surviving warheads in an MPS
basing system. This crucial relationship between the costs
of a U.S. MPS basing system and verifiable SALT limits on the
Soviet ICBM force reinforces the importance of pursuing a strategy
that integrates planning for future strategic forces with SALT
negotiations.

Table 5 shows several alternative Soviet ICBM force struc-
tures in the post-1990 period. No one, of course, can predict
future Soviet actions. Thus, the cases, while plausible, should
be considered as examples intended to show how the number of
Soviet multiple-~warhead ICBMs and the number of warheads deployed
on them affects the cost of an MPS basing system designed to
provide 1,000 surviving warheads.

The first line in Table 5 shows the base-case U.S. MPS
basing system derived in Chapter Il from the "no-response” Soviet
missile threat. The impact of changes in the number of Soviet
warheads available to attack a U.S. MPS basing system is measured
against this base case.

A SALT II-Limited Soviet Multiple-Warhead ICBM Force

Under the terms of the proposed SALT Il agreement, the United
States and the Soviet Union would each be allowed to develop one
"new" ICBM that is significantly different from an existing
missile. If the one "new" ICBM developed were a multiple-warhead
missile, it would be limited to 10 warheads. This would allow the
United States to develop and deploy its new MX missile, with a
payload of up to 10 warheads. It would also allow the Soviets to
develop a new 10-warhead ICBM. If the Soviets chose to develop a
new 10-warhead ICBM, they could replace the four-warhead SS-17
missiles and the six-warhead §5-19 missiles now being deployed.
With deployment of 820 multiple-warhead ICBMs, including 308
10-warhead SS-18 missiles and 512 new 10-warhead missiles, the
Soviets could have up to 8,200 warheads, about 2,300 more than in
the "no-response” case. 13/

13/ See Table B-1 in Appendix B.
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TABLE 5. IMPACT &F GHANGES IN THE NUMBER OF SOMET WARHEADS ON THE QCBTS OF A US

MULTI PLE PROTECTI VE STRUCTURE BASING SYSTEM WTH MX M SSI LES, P0ST-1990
PER CD  IN BILLIONS CF FI SCAL YEAR 1980 DOLLARS

us MS I ncrease
System Qver Cost
Nunber of Nurber of Nunber of Cost (1,000 of "No-

Sovi et Sovi et Verti cal us M Surviving  Response”
Thr eat \ir heads Shel ters Mssiles \Mrheads) Base Case
"No- Response" Base Case a/ 5,928 5,500 310 34.7 -
820 Mul ti pl e-Warhead ICBMs
New 10-warhead m ssile b/ 8, 200 7,700 360 41.2 7
Fractionation (20 KT) ¢/ 15, 000 13,800 420 47.8 13
1,400 Miltiple-Warhead |CBW
Exi sting payl oads 4/ 9, 100 8, 900 380 44.6 10
Fractionation (200°KT) e/ 23,000 21,000 520 62.5 28
550 Mul ti pl e- \Wr head | CBVs
Existing payl oads £/ 3,900 3,200 250 26.6 -8
New 10-warhead missile g/ 5,500 4,900 300 33.0 -2

NOTE:  The table assumes US deployment of an MPS basing systemwith vertical shelters.

£/

g/

Al of the Soviet warheads shown in this table would not be used to attack a US
MPS basing system  Many would be used to attack fixed-base US Minuteman and
Titan missile silos. Mreover, it is assuned that only 85 percent of the Soviet
mssiles used to attack a US MPS basing conplex would be reliable. The nunbers
of shelters and MK missiles shown for each case represent the conbination that
woul d minimize the cost of an MPS basing system designed to provide 1,000
surviving warheads. The cost estinates were derived from the MK Cost Effective-
ness Mdel developed by the sSpace and Mssile Systens Oganization of the Ar
Force. Appendix A provides a brief description of this nodel.

Assurmes SALT Il limt of 820 nultiple-warhead 1BV and no increase in the nunber of
warheads carried on each nissile (see Table 2.

Assunes SALT Il linmit of 820 nmultiple-warhead |BM and depl oynent of a new 10-war-
head mssile to replace ss-17 and ss-19 |CBMs (see Table B-1).

Assunmes SALT Il limt of 820 multiple-warhead |CBM and conversion of all missiles
to carry larger nunbers of 200-kiloton warheads (see Table B2).

Assumes 1,400 multiple-warhead |CBMs and no increase in the nunber of warheads
carried on each nissile (see Table 3-3).

Assumes 1,400 nultiple-warhead ICBMs and conversion of all missiles to carry
larger nunbers of 200-kiloton warheads (see Table B4).

Assumes future SALT linmt of 550 multiple-warhead ICBM and no increase in the
nunber of warheads carried on each nissile (see Table B5).

Assumes future SALT linmits of 550 multiple-warhead 1CBMs and depl oynent of a new
10-warhead nmissile to replace SS17 and SS19 ICBM (See Table B6).
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It: should be noted that, if the Soviets used their SALT
Il allowance of one "new ICBM to develop a new nmultipl e-warhead
missile, they would have to forego any plans they m ght have had
to develop a new, large single-warhead 10BM as a repl acenent for
their existing single-warhead 8S-11 mssiles. Thus, this case
represents the maxi num nunber of warheads that the Soviets could
deploy in their multiple-warhead | CBMforce under the terns of the
SALT |1 agreenent.

As shown in the table, such an increase in the nunber of
Soviet warheads would require that the United States construct
7,700 shelters, about 2,200 nore than in the base-case system and
deploy 360 MK missiles, 50 nore than in the base-case system in
order to rmaintain the ability of its MPS basing system to provide
1,000 surviving warheads. The required expansion would add about
$7 billion to the cost of the base-case system for a total cost
of $41 billion.

Sovi et Deploynment of a Larger Nunber of Sraller \Warheads on 820
Mul tipl e-VWrhead ICBMs

If, in the 1990s, the Soviets were still limted to 820
mul tipl e-warhead 1CBM | aunchers, but were not constrained in
the nunber of warheads that each mssile could carry, they
could potentially deploy sone 15000 warheads of the 200-kiloton
size, 14/ over 9,000 warheads nore than in the "no-response"

Soviet missile threat case. If Soviet nissiles deployed in the
1990s were accurate to within 500 feet of their targets (see
Table 2), each of these snaller, less powerful warheads could

retain a greater than 90 percent chance of destroying the US
shelter on which it was targeted. Thus, the nunber of shelters
that the Soviets could destroy in an attack on a US MPS basing
systemcould rise sharply if there were no limt on the nunber of
war heads that mght be flight-tested on an | BM

Such an increase in the nunber and accuracy of Soviet war-
heads would raise the cost of a US MS basing system desi gned
to provide 1,000 surviving warheads from the base-case system cost
of $35 billion to $48 billion, a $13 billion increase. This cost
i ncludes the construction of sone 13,800 vertical shelters,

14/ See Table B-2 in Appendix B



about 8,300 nore than would be required for the base-case MPS
basing system Wth Soviet deploynent of snaller, |ess powerful
war heads, the extra shelters could be spaced only 4,000 feet
apart, rather than at intervals of 7,000 feet, as assumed for the
base-case MPS basing conpl ex. This reduced spacing would | ower
the cost of each shelter added to the system from $2.6 nllion
to $1.8 nillion.

To avoid the additional $13 billion cost of deploying and
operating an MPS basing system that could provide 1,000 surviving
warheads, it would be inportant to negotiate a permanent limt on
the nunber of warheads that could be flight-tested on an ICBM.
Together with a limt on the nunber of multiple-warhead ICBMs that
m ght be deployed, restrictions on the nunber of warheads carried
on each mssile would put a cap on the total nunber of Soviet
war heads that would be available to attack a US MPS basing
conpl ex.

Sovi et Depl oyment of 1,400 Ml ti pl e-\Varhead | CBVs

The existing Soviet silo-housed |CBM force of 1,400 mssiles
consists of a mx of newer multiple-warhead |CBMs and ol der
singl e-warhead mssiles. Under the limts inposed by the proposed
SALT Il agreenent, the Soviets could deploy multiple-warhead
mssiles in only 820 of their existing silos. Wthout such a
limt, however, the Soviets could deploy multiple-warhead |CBMs in
all 1,400 existing silos by 1987, assuning that they continued to
depl oy 125 new mssiles each year. Even if a SALT Il agreenent
was inplenented, the Soviets could deploy 1,400 nultipl e-war head
ICBMs by 1990 if the limt on the nunber of multiple-warhead | CGBM
| aunchers ended with the schedul ed expiration of the SALT Il
treaty at the end of 1985.

If, in the post-1990 period, the Soviets had 1,400 mul ti pl e-
warhead |CBMs but did not increase the nunber of warheads carried
on their mssiles, they could have an 1M force containing sone
9,100 large warheads available for an attack on a US MPS basing
conplex. 15/ As shown in Table 5 an MPS basing system desi gned
against this threat would cost about $45 billion, $10 billion
nore than the base-case system

15/ See Table B-3 in Appendix B

49



If the Soviets deployed 1,400 multiple-wiarrea¢ ICRMs and, at
the same time, converted their nissiles to carry gzreater nunbers
of smaller warheads, they mght have a force wicth scwme 23,000
200-kiloten war heads. }_@_/ In this case, the cost of a US MPS
basing system consisting of 520 MX missilesz and sone 21,000
vertical shelters spaced 4,000 feet apart, would be about $63 bil -
lion, or $28 billion more than th: cost of the base-case system

Thus, in order to hold down the costs of an MPS basing
system it would be inportant to negotiate a pernmanent and
verifiable ceiling on the aumber of mltiple-warhead |1CBM that
can be deployed, as well as a verifiable limt on the nunber of
war heads that nay be carried on each mssile.

Future SALT Reducti ons; 550 Mul ti pl e- War head | CBMVs

The cost of an MPS basing system could be less than the
base-case system if the United States succeeded in |owering the
ceiling on launchers for multiple-warhead 1BM in a future SALT
agreenent that would be in effect into the 1990s. The SALT limts
proposed by the Carter Administration in March of 1977 provi de one
exanple of the potential for negotiated reductions in arns ceil-
ings to mnimze the cost of a US MS basing system In this
hypot heti cal exanple, the Soviet Union would be limted to a total
of 550 multiple-warhead ICBM |aunchers, with a subceiling of
150 large missiles of the S$s-18 type. 17/

If the Soviets were limted by a future SALT agreenent to 550
mul ti pl e-warhead |1CBM | aunchers, and if there were a total ban on
the flight-testing of nissiles nodified to carry a larger nunber
of snaller warheads, the Soviet multiple-warhead |1CBM force night
contain as few as 3,900 warheads. }_g/ In this case, the Soviets
would have about 2,000 warheads fewer than in the "no-response"

16/ See Table B4 in Appendix B.

17/ See text of April 1977 news conference of Presidential
Assi stant Brzezinski, reprinted in Harry L. Wenn, SALT
Il; Basic Docunents, Congressional Research Service (Septem
ber 8, 1978), pp. 205 12.

18/ See Table B-5 in Appendix B.
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nmssile force. The cost of a US MS basing system would be
about $27 billion, or $8 billion less than the cost of the
base-case system

The Soviets could have a nultiple-warhead ICBM force con-
sisting of up to 5,500 warheads if they chose to devel op and
depl oy a new 1lO-warhead missile during the life of the proposed
SALT Il treaty but were later conpelled to reduce their force of
mul tiple-warhead | CBM |aunchers from 820 to 550 by a future SALT
agreenent. 19/ In that case, the estimated cost of an MPS basing
system would be $33 billion, about $2 billion less than the
cost of the base-case system

C her Types of MPS Basing Systens

The costs shown in Table 5 assume US depl oynent of an MPS
basing system with vertical shelters. O her versions of MS
basing, such as a network of horizontal shelters connected by
trenches covered with renovable roofs, would generally be nore
expensi ve. There is one possible exception to this general
st at enent . A trench system would have the advantage that its
costs would be sonewhat less sensitive to Soviet deployment of
mssiles with larger nunbers of smaller warheads. This is because
a trench system would contain nore shelters, spaced closer
together, than a conplex of vertical shelters. Although the
additional costs to counter Soviet mssile fractionmation woul d
be lower with a trench system total costs would probably be
conparable to a vertical shelter system because the initial costs
to build a trench systemwoul d be higher than the initial costs to
depl oy a conplex of wvertical shelters.

Varying the Desired Nunber of US Surviving Varheads

Al costs in Table 5 are based on the assunption that the
Uhited States would want to maintain an MPS basing system that
could provide 1,000 surviving warheads. Table 6 varies this
assunption, showing how the costs of an MPS basing system would
vary depending upon the nunber of surviving warheads that the
Lhited States wshed to provide. The table shows that the costs

19/ See Table B-6 in Appendix B.
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TABLE 6. CHANGES IN THE NUMBER CF SOVI ET WARHEADS AND THEI R | MPACT ON
THE COSTS OF A US MILTIPLE PROTECTI VE STRUCTURE BASI NG
SYSTEM WTH MX M SSILES FOR THREE D FFERENT DESI RED NUMBERS
OF SURVI VI NG WARHEADS, POST-1990 PERI OD: IN BILLIONS COF
FI SCAL YEAR 1980 DOLLARS

US MS System Cost

Number
of 500 1, 000 1, 500

Sovi et Sovi et Vér heads \Mr heads \Mr heads
Thr eat War heads Surviving Surviving Surviving
"No-Response”
Base Case 5,928 31 35 38
820 Multiple-Warhead 1ICBMs

New 10-warhead missile 8,200 37 41 44

Fractionation (200 KT) 15,000 44 48 51
1,400 Multiple-Warhead [|CBMs

Existing payloads 9,100 41 45 48

Fractionation (200 KT) 23,000 58 63 66
550 Multiple-Warhead ICBMs

Existing payloads 3,900 25 .27 30

New 10-warhead missile 5,500 30 33 35

would decrease or increase by only about $3 billion to $5 billion
if between 500 and 1,500 surviving warheads were desired.

The Significance of the Potential Added Costs to the United States
and the Soviet Union

The possibility that the Soviets might increase the number
of warheads that their ICBM force could deliver in an attack
on a U.S. MPS basing system suggests the importance of negotiating
future verifiable SALT limits on both the number of Soviet
multiple-warhead ICBMs that might be deployed and on the number of
warheads that might be flight-tested on an ICBM. The lower the
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limits negotiated, the fewer the shelters that would have to
be constructed and the lower the costs to deploy and to operate
an MPS basing system. Without SALT limits, the costs of an MPS
basing system could increase significantly if the Soviets re-
sponded by increasing the number of warheads in their ICBM force.

It is important to note that the political environment
in the United States could change greatly in the event of a SALT
breakdown and a resulting Soviet missile buildup. In the face of
a massive and overt Soviet buildup, there might be a greater
public willingness to support increased expenditures for U.S.
strategic missile programs. Moreover, the increased costs shown
in Table 5 would be spread over a period of several years as the
Soviet missile threat grew.

It should also be noted that, while the costs of expanding
an MPS basing system in response to a Soviet missile buildup
could be very large, the costs of at least some other alternatives
might also be large. The survivability of the missile-carrying
submarine force will reman insensitive to the number of Soviet
missiles and warheads as long as the Soviets lack a means to
detect and locate U.S. submarines. On the other hand, if the
Soviets had a large number of warheads in their missile force,
U.S. nuclear weapons based in strategic aircraft--including
long-range bombers, cruise missile carrier aircraft, and a
possible airmobile ICBM force-—might become increasingly vul-
nerable to a Soviet missile attack. To compensate for this
possible vulnerability, it might become necessary to construct
additional air bases and to develop improved aircraft, thus
increasing costs.

The Soviet missile buildups shown in Table 5, which could
greatly increase the costs of a U.S. MPS basing system, would
also be very expensive for the Soviet Union. On average, each
large warhead on a new multiple-warhead ICBM added to the Soviet
force would cost up to $8 million, 20/ an estimate that includes

20/ In 1974, former Secretary of Defense Schlesinger estimated
~  that, in 1974 U.S. dollars, the deployment of 1,000 six-
warhead $§S-19 missiles would cost about $30 billion ($47
billion in 1980 dollars) and that the deployment of slightly
more than 300 ten-warhead S$S-18 missiles would cost $12
billion to $15 billion ($19 billion to $24 billion in 1980
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the costs of the nuclear warhead itself, the reentry vehicle
designed to carry the nuclear warhead, and a fraction of a new
mul tiple-warhead missile needed to deliver the warhead. For every
large warhead added to the Soviet ICBM force, the United States
would have to construct slightly more than one shelter and deploy
a fraction of an extra MX missile, assuming that the MPS basing
system was designed to provide 1,000 surviving warheads. On aver-
age, the total cost of a U.S. MPS basing system would increase by
about $3 million for each large warhead added to the Soviet force.

It would be less expensive for the Soviets to add warheads
to their ICBM force by converting missiles to carry larger
numbers of less powerful warheads. The Air Force believes that,
with or without a SALT limit on the number of warheads that
may be carried on each missile, Soviet costs to increase their
forces would be greater than U. S. costs to maintain the sur-
vivability of an MPS basing complex. 21/ If the Soviets increased
the number of the warheads in their force, but reduced their
size and destructive power, the United States would have to
deploy more MX missiles and construct more shelters for its MPS
basing system, but the U.S. shelters could be spaced at distances
of only 4,000 feet. In this case, each small warhead added to the
Soviet force would, on average, increase the costs of a U.S. MPS
basing system by $1.4 million to $1.8 million.

In both cases, the costs of increasing the number of warheads
in the Soviet ICBM force would appear to be similar to or greater
than the costs of expanding the U.S. MPS basing system in re-
sponse. '

Relative costs may not, however, be a decisive factor in
determining the nature of possible future competition. The fact
that the cost of increasing the number of warheads in the Soviet
ICBM force would be equal to or greater than the cost of U.S.
countermeasures would not necessarily deter the Soviet Union from

dollars). See U.S.-USSR Strategic Policies, Hearing before
the Subcommittee on Arms Control, International Law and
Organization, Senate Committee on Foreign Relations, 93:2
(March 4, 1974), p. 20.

21/ Information provided to CBO by U.S. Air Force (May 21,
1979).
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undertaking such programs. That decision would depend upon
an assessment by the Soviets of their own military need to
acquire a capability to destroy U.S. ICBMs deployed in an MPS
basing system. For example, over the years the Soviets have
probably devoted more resources to their air defense forces
than the United States has had to devote to maintaining the
ability of its strategic bomber force to penetrate Soviet de-
fenses. The Soviets might make a similar calculation with regard
to the desired capabilities of their 1CBM forces. Moreover,
having established the missile design bureaus and production
facilities that are in operation today, the Soviets may not
find the costs of continuing ongoing activities at current
rates to be prohibitive.

Of course, predicting what the Soviet Union would do in
the absence of SALT constraints is necessarily speculative.
The Soviets will face competing demands for resources for other
military and civilian purposes, and they may at some point face
pressures to reduce their spending on missile forces. It is also
possible that U.S. efforts to maintain the survivability of its
ICBM force by deploying an MPS basing system may impress upon the
Soviets a determination to counter any future Soviet threats to
the U.S. missile force, thereby demonstrating to them the futility
of continued competition.

Perhaps most important, a Soviet leadership contemplating the
end of SALT limits and the beginning of a massive arms buildup
would have to consider the political costs of such a course. In
particular, the Soviets would have to consider the dangers of
stimulating the United States into expanded and accelerated
strategic programs similar to those undertaken in the late 1950s
and early 1960s. At the end of that strategic arms buildup,
the Soviets found themselves in an inferior position for the next
decade.

Finally, the Soviets may in the future wish to concentrate
on improving the survivability of their own land-based missile
force. In fact, U.S. development and deployment of accurate and
powerful MX missiles might cause the Soviet Union to fear that its
own land-based missile force would become increasingly vulner—
able to a U.S. first-strike attack. Thus, instead of deploying
more missiles and more warheads in an effort to threaten U. S
missiles deployed in an MPS basing system, the Soviets might
choose to develop a more survivable basing system for their
own ICBMs. Air Force officials believe that U.S. deployment
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of the MX missile would force the Soviets to spend more of their
resources on survivability and less on missile firepower. 22/

A Note on Ballistic Missile Defense and Multiple Protective
Structure Basing

If the Soviets greatly increased the number of warheads
in their ICBM force that could be used to attack a U.S. MPS
basing system, the United States might at some point find it more
economical to develop a means to defend U.S. missiles deployed in
an MPS basing system than to expand the system by building more
shelters. In the past, one of the major obstacles to developing
an effective defense against ballistic missiles has been that,
with the development of multiple-warhead missiles, it became
easier and less costly to increase the number of offensive
warheads than to acquire more defensive interceptors. Deployment
of a ballistic missile defense (BMD) system as a complement
to an MPS basing system might change this situation.

A "preferential” ballistic missile defense system would
defend only those shelters in the MPS basing complex that housed
missiles. This would greatly reduce the requirements for an
effective defense relative to the requirements for a successful
attack. A simple example demonstrates the point. Suppose the
Soviet Union had 20 reliable, accurate warheads. If the United
States deployed an MPS basing system with 40 shelters and two
missiles, the Soviets could destroy only half of the shelters and,
on average, half of the missiles. Thus, the U.S. MPS basing
system could be expected to provide one surviving missile.

If the Soviets then deployed 20 additional reliable, accurate
warheads (for a total of 40), the United States would have to
construct 40 additional shelters (for a total of 80) in order to
maintain a 50 percent survival rate for its MPS basing system. A
system with a total of 80 shelters and a 50 percent survival rate
could continue to provide one surviving missile.

22/ See Hearings on Military Posture and H.R. 10929 (Department
of Defense Authorization for Appropriations for Fiscal
Year 1979, Hearings before the House Committee on Armed
Services, 95:2 (February, March, and April 1978), Part 3,
Book 1, p. 921
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By instead deploying an effective preferential BMD system
the United States could maintain the survivability of one mssile
without adding to the original 40 shelters. For exanple, the
United States could deploy a preferential defense systemwith two
interceptors that would each have a 50 percent probability of
destroying the Soviet warhead against which it was targeted.
The two interceptors could, on average, destroy one of the two
Sovi et warheads targeted on the two U.S. shelters containing
mssiles. One of the U S missiles would survive the attack and
the remaining 39 Soviet warheads would be allowed to destroy the
other 39 shelters, all but one of which would be enpty. Thus,
having a preferential defense systemw th tw interceptors would
provi de an assurance of survivability equal to doubling the
nunber of shelters. Moreover, the United States would offset an
i ncrease of 20 Soviet warheads by deploying only two interceptors.

The advances that have been nade in ballistic nmssile tech-
nology may make such a preferential defense concept feasible.
First, conpact radars that have been devel oped could be placed in
shelters constructed for an MPS basing system |If the radars and
interceptors could be covertly rotated anong the shelters, the
Soviets would have difficulty destroying them in a first-strike
attack. The vulnerability of the mssile defense systemitself to
a Soviet attack would be |essened, and, thus, the vulnerability of
the MX mssiles to destruction in a subsequent attack would be
decr eased. Second, inproved sensor technlogy might provide a
capability to determne accurately which Soviet warheads were
targeted against the U.S. shelters that housed nissiles and to
defend against only those warheads. Third, inmproved inter-
ceptor guidance systens mght: provide an effective capability to
destroy Soviet warheads in the atnosphere.

The nmajor disadvantage of a preferential ballistic mssile
defense system is that the pernmanent Antiballistic Mssile Treaty
between the United States and the Soviet Union prohibits the
testing and deployment of nobile ballistic mssile defense sys-
tems. (The treaty also limts the nunmber of interceptors to
100.) Thus, devel opnent and depl oynent of a preferential defense
system would require the renegotiation of sone of the treaty
provisions or U.S. abrogation of the treaty. Wile such an option
woul d probably be undesirable as long as there were SALT limts on
Soviet offensive strategic nuclear arns, it mght becone nore
attractive if the SALT negotiations failed and the Soviets began a
large buil dup of warheads. Under these circumstances, depl oying
a preferential ballistic mssile defense system if effective,
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might be less costly than constructing thousands of shelters
to counter increases in the number of Soviet warheads. Deploying
a defense system would also avoid the need to spread an MPS basing
complex: over large tracts of land.

U.S. UNCERTAINTY ABOUT THE SIZE OF THE SOVIET ICBM FORCE

The ability of an MPS basing system to provide surviving
missiles and warheads for a U.S. retaliatory strike would re-
quire that the United States construct more shelters for its
basing system than the Soviet Union could destroy. To suc-
ceed, the United States would have to be confident that it
could estimate the number of Soviet warheads available for
an attack within a reasonably narrow range. While a small
amount of uncertainty about the size of the Soviet ICBM force
could be tolerated, a major miscalculation could reduce sig-
nificantly the number of U.S. missiles that would survive an
attack.

The base-case MPS basing system described in Chapter 11 was
designed to provide 1,000 surviving; warheads after absorbing an
attack by the postulated "no-response” Soviet ICBM force. It was
assumed for the purposes of constructing the base-case system that
the U.5. estimate of the number of Soviet missiles and warheads
available for an attack would be correct. If so, an MPS basing
system with 5,500 vertical shelters and 310 MX missiles could
provide 1,000 surviving warheads.

1f, instead, the U.S. estimate of the number of Soviet
missiles and warheads available for an attack was incorrect,
the number of U.S. shelters and missiles deployed might prove
to be insufficient. Indeed, the base-case MPS basing system
would have only about 1,000 more shelters than the Soviets
would have warheads available to attack the complex. Thus,
although some U.S. warheads could survive even if the Soviets
had a large number of extra missiles and warheads, a system
with only 5,500 shelters would provide a thin margin for error
in estimating the number of Soviet; ICBMs if the United States
wanted a system that could provide 1,000 surviving warheads.
If substantial uncertainty about the size of the Soviet ICBM
threat existed, a range of estimates for the number of Soviet
missiles available to attack the system, rather than a fixed
number, would have to be taken into account in determining the
appropriate number of shelters.
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The Problem of Extra Soviet Missiles

U. S. intelligence sources are considered adequate to count
the number of Soviet 1CBM silos constructed, as well as the number
of submarine missile tubes and bombers produced and deployed. 23/
Y et, under both the existing SALT | treaty and the proposed
SALT Il agreement, no limitations are placed upon the number of
missiles and nuclear warheads that the United States and the
Soviet Union may produce and stockpile. In fact, both the United
States and the Soviet Union routinely produce more missiles than
they deploy in order to provide spares for maintenance and for
missile testing and crew training.

The possibility that the Soviets could produce and stockpile
~-but not deploy in silos--a large number of extra missiles and
warheads introduces a major potential source of uncertainty about
the number of Soviet ICBMs that might be available to attack
an MPS basing system. If the Soviets possessed a means to
launch the extra missiles that they produced, the resulting
threat would be considerably larger than the threat posed by
silo-housed Soviet missiles. In that case, the number of shelters
constructed might prove to be inadequate to ensure that a signifi-
cant portion could survive a Soviet missile attack. If such
uncertainties existed, the number of Soviet silo—housed ICBMs
would not be the relevant missile threat that an MPS basing system
should be designed to counter. Instead, the relevant threat would
be somewhat larger and undefined.

Extra U.S. Shelters as a Hedge

To hedge against the possibility that the Soviets might
possess extra missiles that could rapidly be made ready for
launch, the United States might wish to build more shelters than
required by the number of Soviet silo-housed ICBMs. Additional
shelters would provide greater confidence that a significant
number of U.S. shelters and missiles could survive an attack even
if the Soviets possessed extra missiles.

23/ See speech by George M« Seignious, Director of the Arms

~ Control and Disarmament Agency, reprinted in "SALT II and
National Security,” Congressional Record (May 24, 1979), pp.
S6755-58.
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The potential need to hedge against the possibility that the
Soviets might have a large number of extra missiles could be
alleviated by a verifiable SALT limit on missile production and
stockpiles. Such a limit would probably be difficult to verify,
however. Expanded and improved monitoring of Soviet missile
production activities and changes in Soviet missile production
practices might be necessary to reduce potential U.S. uncertain-
ties in this area

The Effect of Uncertainty on the Number of Surviving Warheads

Figure 3 shows how the number of U.S. surviving warheads
provided by an MPS basing system would be affected if the Soviets
had a large number of extra missiles that they could rapidly
make ready for launch. The lower line in the figure shows how
the number of surviving U.S. warheads would be affected by the
existence of extra Soviet warheads if the United States had
an MPS basing system with 310 MX missiles and 5,500 shelters.
Such a system could be expected to provide 1,000 surviving war-
heads if the Soviets had no extra missiles and warheads—-that
is, only the 5,928 warheads assumed in the "no-response’ threat
described in Chapter Il. 247 1f, instead, the Soviets possessed
extra missiles and warheads that the United States had not
taken into account in determining the required number of shel-
ters for its MPS basing complex, fewer U.S. warheads would sur-
vive a Soviet attack. For example, suppose the Soviets had
slightly more than 1,000 extra warheads, perhaps carried on
100 extra 10-warhead ICBMs. In that case, the Soviets would
have enough warheads to target one weapon on each U.S. shelter.
Some U.S. shelters would still survive because a fraction of
the Soviet missiles would fail to function. If 85 percent of
the Soviet missiles functioned reliably (see Table 2), and
if 98 percent of the reliable Soviet warheads destroyed the
U. S. shelters on which they were targeted, then about 50 MX
missil=s with some 500 warheads would be expected to survive
an attack.

24/ Of the 5,928 warheads in the "no-response” Soviet multiple-
warhead ICBM force, only 4,440 warheads would be targeted on
aU.S. MPS basing system. The remaining 1,488 warheads were
assumed to be targeted on the U.S. force of silo-housed
Minuteman and Titan ICBMs.
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Figure 3.

Survivability of Two Hypothetical U.S. MPS Basing
Systems Against Extra Soviet Missiles and Warheads

Number of Surviving
Warheads in U.S. MPS

Basing System

2500
2000 —
310 MX MISSILES IN
11,000 VERTICAL SHELTERS
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1000 —
310 MX MISSILES IN
5,500 VERTICAL SHELTERS
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of unreliable missiles
500 = Withoutreprogramming
of unreliable missiles
ith With reprogramming
Wit reprpgramlt.llr\'g of unreliable missiles
of unreliable missiles
0 I [ ] | ] | I i i
4,440 +1000 +2000 +3000 +4000 +5000 +6000 +7000 +8000 +9000 +10,000
Wi?r;lgds Number of Extra Soviet Warheads

NOTE:

This figure is based on the following assumptions: that the Soviets would have 4,440 warheads available
to attack the U.S. MPS basing system if they had no extra missiles and warheads (1,488 of the 5,928 war-
heads in the Soviet multiple-warhead 1CBM force would be targeted on the silo-housed Minuteman and
Titan missiles); that 85 percent of Soviet missiles would be reliable; and that each warhead from a reliable
missile would have a 98 percent chance of destroying the shelter on which it was targeted. For the cases
in which the Soviets would have enough warheads to target two weapons on some or all of the U.S. shel-
ters, the assumption was made that the second warhead would have a chance to reach the area of the
target and detonate only if the first warhead proved to be unreliable and failed to reach the targeted U.S.
shelter.
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Additional Soviet missiles and warheads would provide
an ability to begin targeting two warheads on each U.S. shelter,
a tactic that could significantly increase the probability that at
least one Soviet warhead would explode in the area of each U. S.
shelter. Some 6,500 extra Soviet warheads, together with the
warheads deployed on Soviet silo-housed multiple-warhead ICBMs,
would alow two weapons to be targeted on each of the 5,500 U.S.
shelters, with the result that fewer than 150 U.S. warheads would
be expected to survive an attack. This same result could be
obtained with only about 2,000 extra Soviet warheads if the Soviet
Union possessed a capability to identify unreliable missiles in
flight and to launch a small second wave of missiles to replace
those unreliable missiles (a tactic known as "reprogramming”). 25/

A U.S MPS basing complex with a larger number of shelters
could provide a hedge against the possibility that the Soviets
might possess extra missiles and warheads. The top line in Figure
3 shows how the ability of an MPS basing complex to absorb large
numbers of Soviet warheads would be significantly improved if the
United States constructed 5,500 additional shelters, for a total
of 11,000 shelters. The figure shows that an MPS basing system

25/ This reprogramming example shows an extreme case, the

T best one possible for the Soviet Union. The reprogramming
cases in Figure 3 assume that the Soviets could identify
all missile failures in time to launch a second wave of
missiles to replace the unreliable ones. In practice, it
would probably be possible to replace only a portion of
the unreliable missiles. In order to avoid the possibility
that the nuclear explosions from the first wave of missiles
might destroy warheads from the second wave of missiles,
the second wave would have to arrive on target simulta-
neously with the first. This would require that the second
wave be launched soon after the first on trajectories that
would speed the arrival of the warheads. Thus, it would
probably be possible to replace only those missiles that
failed in the early moments of flight. Missiles that failed
to launch altogether or that failed shortly after 1liftoff--
a large portion of missile failures--might be identified
in time to launch replacement missiles. Missiles that
failed to dispense their warheads properly or that carried
warheads that failed to fuse properly could probably not
be replaced.
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with 11,000 shelters and 310 MX missiles could provide 1,000
surviving warheads even if the Soviet Union possessed 4,500
extra warheads. This would double the number of warheads that
could be targeted on a U.S. MPS basing system by the "no-response"
Soviet silo-housed ICBM force, 26/

Construction of an additional 5,500 shelters, costing
approximately $2.6 million each, would increase the costs of
the base-case MPS basing system by about $14 billion, assuming
that the shelters were spaced at distances of 7,000 feet. A
somewhat less expensive way to hedge against uncertainties
about the number of Soviet warheads available for an attack
would be to construct additional shelters at distances of 4,000
feet. Although the decreased spacing between the shelters would
reduce U.S. confidence in the ability of the shelters to survive
the effects of nuclear explosions at nearby shelters, it would
permit the construction of a larger number of shelters within a
smaller area at lower cost. In this case, each additional shelter
would cost about $1.8 million; thus, 5,500 additional shelters
would add about $10 billion to the cost of the base-case MPS
basing system.

Construction of 11,000 shelters provides only one example
of the relationship between uncertainties about the number of
Soviet warheads available for an attack and the number of shelters
that might be required for a U.S. MPS basing system. The ap-
propriate number of shelters would depend upon the U.S. ability
to estimate the number of Soviet missiles and warheads that
might be available for an attack. The number of shelters con-
structed would aso depend on judgments made about the degree
of confidence the United States should have in the ability of
an MPS basing system to provide a given number of surviving
warheads.

26/ An MPS basing system with 310 MX missiles and 11,000 shelters

~  would not constitute the minimum-cost combination of missiles
and shelters. Rather, this particular combination of mis-
siles and shelters is intended only to illustrate the fact
that the construction of extra shelters would provide insur-
ance against the possibility that the Soviets might possess
extra missiles. It is possible that a somewhat different
combination of U.S. missiles and shelters might provide
slightly more insurance for a given amount of money.
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Construction of 5,500 shelters would be adequate to provide
1,000 surviving warheads only if the United States was confident
that the Soviets possessed no extra missiles. Figure 3 shows
that an MPS basing system of this size would provide a thin margin
for error in estimating the number of Soviet ICBMs. Although some
U.S. warheads would survive even if the Soviets possessed a large
number of extra missiles and warheads, the ability of a U.S8. MPS
basing system to provide the desired 1,000 surviving warheads
would be threatened by the existence of extra Soviet missiles.

An MPS Basing System Would Raise the Price of a Soviet Attack

Even if the Soviet Union possessed so many extra missiles and
warheads that a U.S. MPS basing; system could provide no surviving
warheads, the system might still serve a purpose. In order to
destroy the U.S. ICBMs deployed in an MPS basing complex, the
Soviets would have to target several thousand shelters, a task
that could deplete their own ICBM force. The Soviets might
not see an advantage in destroying the U.S. ICBM force if, to do
so, they would have to use all the missiles in their own force.
Moreover, by absorbing a large number of Soviet warheads, an MPS
basing complex might lessen the potential vulnerability of U. S.
bombers and other aircraft armed with nuclear weapons. It is
conceivable that, without an MPS basing system, the survivability
of U.S. strategic aircraft might be threatened by the existence of
a large number of extra Soviet missiles and warheads that could be
targeted against large areas around U.,S. air bases.

Bounding the Number of Extra Soviet Missiles and Warheads

The relationship between uncertainties about the number
of Soviet missiles available for an attack and the number of
shelters required for a U.S. MPS basing complex raises the
important question of how many extra missiles and warheads
the Soviets might possess by the 1990s, when a U.S. MPS basing
system would become fully operational. One report has indicated
that the Soviets currently possess a stockpile of 1,000 extra
missiles not deployed in silos, 27/ consisting of a mix of extra

27/ See Henry S. Bradsher, "New U.S. Study Finds More Soviet
Missiles,” Washington Star (April 12, 1979), p. A-1.

64



newer multiple-warhead ICBMs and older single-warhead missiles.
The number of extra missiles that the Soviets might possess in the
future is uncertain because this will depend on missile production
rates maintained in the 1980s.

The number of extra warheads that a given number of stock-
piled missiles could provide will depend on the number of warheads
flight-tested on Soviet ICBMs in the future. For example, if the
Soviets tested missiles with 25 warheads, a stockpile of 1,000
extra missiles might provide up to 25,000 extra warheads (assuming
that such a large number of warheads could be manufactured). If
missiles were limited to 10 warheads each, then a stockpile of
1,000 missiles could carry no more than 10,000 warheads. Thus, a
verifiable limit on the number of warheads that could be flight-
tested on an ICBM would help bound the uncertainty about the
number of Soviet warheads available for an attack on a U.S. MPS
basing system.

It is important to remember that only accurate multiple-
warhead Soviet ICBMs would present a serious threat to a U.S. MPS
basing system. Extra Soviet missiles that were inaccurate or
incapable of carrying more than one warhead would be much less
effective in an attack on the protective shelters in aU.S. MPS
basing complex. Thus, the possible existence of a stockpile of
older Soviet single-warhead $S-11 and SS-9 ICBMs that are being
replaced by newer multiple-warhead missiles may not pose a serious
threat to a U.S. MPS basing system, because the Soviets would have
to possess a very large number of these missiles in order to have
enough extra warheads to reduce significantly the number of U. S.
warheads that could survive an attack. In the future, however,
a potentially serious threat may appear if the Soviets replace
with new missiles the accurate multiple-warhead ICBMs now being
deployed. At that time, it would be especially important to
negotiate SALT provisions dealing with the disposal of missiles
retired from the active force.

Launching Extra Missiles

The relationship between uncertainties about the size of the
Soviet ICBM force and the number of shelters required for a U. S
MPS basing system also raises the important question of whether
the Soviets could, in practice, find ways to launch any extra
missiles that they might produce and stockpile. One concern is
that Soviet deployment of a multiple-shelter system similar to a
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US MS basing system might provide the Soviets with a neans to
deploy rapidly a | arge nunber of extra mssiles. |Indeed, a Soviet
mul tipl e-shelter system would offer some advantages in this role
by providing a large nunber of extra potential launch sites that
would enjoy tested communications and launch control systens as
wel | as substantial protection fromnuclear blast effects. O the
other hand, many experts believe that the Soviets already possess
a potential ability to launch extra mssiles from expedi ent above-
ground launch pads. 28/ |If these fears proved to be well-founded,
then the lack of verifiable limits on Soviet missile production
and stockpiles introduces a major source of uncertainty about the
nunber of Soviet warheads that a U.S. MPS basi ng systemm ght have
to absorb. 29/

28/ Exanpl es incl ude: Roland F. Herbst, "SALT Verification Is-
sues OGonnected with MAP and Mbile ICBM Systens,” in renmarks
of Hon. Robin L. Beard, Congressional Record (January 31,
1979), pp. E281-83; Edgar U samer, "The Shakiness of SALT
I," Ar Force Magazine (My 1979), p. 22; Fi scal Year 19380
Arns Control Inpact Statenents, Senate Conmttee on Foreign
Rel ations and House Committee on Foreign Affairs, Joint Com-
mttee Print, 9.1 (March 1979), p. 19; comments of Gen. Lew
Allen, Jr., Air Force Chief of Staff, quoted in remarks
of Senator Orin G Hatch, "SALT II," Congressional Record
(February 1, 1979), pp. <99P81-82; and testinony of Lt. Gen.
AGenn A Kent, USAF (Ret.) on the future of the |and-based
leg of the strategic Triad in hearings before the House
Commttee on Arnmed Services, 96:1 (February 7, 1979; pro-
cessed) . A different view is expressed in the speech of
CGeorge M Seignious, Drector of the Arms Control and Ds-
armanent Agency, reprinted in "SALT Il and National Secur-
ity," Gongressional Record (Miy 24, 1979), pp. 6755 58.

29/ The Soviet capability to reload ICBM silos that have |aunched
one round of mssiles would probably present a |ess worri some
threat. It seens doubtful that the Soviets would have tine
to reload their silos before a U.S. counterattack coul d des-
troy the mssile silos and the mssile-support buildings and
equipnent in the area. Mreover, the proposed SALT Il agree-
ment includes restrictions on the storage of extra mssiles
in 1BMdepl oynment areas. See speech by George M  Sei gni ous,
Drector of the Arns (ontrol Agency, reprinted in "SAT II
and National Security,"” Congressional Record (My 24, 1979),
pp. S6755-58.
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There are, however, reasons to question the ability of the
Soviets to launch extra missiles from expedient, aboveground
launch pads. Such a capability would require a means to erect
the missiles as well as the electronic systems used to target,
control, and launch them. Missile testing and crew training
might also be required in order to gain confidence in the reli-
ability of expedient launch systems. In peacetime, prepara-
tions undertaken in these areas would involve great risks because
any U.S. detection of suspicious activities could trigger a
serious crisis, thereby jeopardizing continued U.S. observance of
SALT limits and spurring the United States into accelerated
strategic programs. In wartime, risks would be equally great.
Upon detection of Soviet preparations for the expedient launching
of extra missiles, the United States would almost certainly order
additional bombers and submarines to assume an alert posture,
thereby greatly increasing the number of U.S. weapons that could
be expected to survive a Soviet attack. Moreover, missiles
deployed with expedient aboveground launchers, if detected by the
United States, would be extremely vulnerable to a U.S. preemptive
attack.

Uncertainty about the Soviet ability rapidly to prepare for
launch any extra accurate multiple-warhead missiles they might
possess may become a more worrisome concern in the future. Today,
underground missile silos are considered to be the launchers
for ICBMs because, under current deployment practices, the
support equipment necessary to maintain, target, and launch a
missile is an integral part of the silo. As this missile sup-
port equipment is miniaturized in the future, it will become
possible to place the equipment in missile canisters. Indeed,
this is the concept envisioned for the missiles deployed in
a U.S. MPS basing system. By placing the support equipment
in the canisters, the ability to launch the missiles will become
relatively independent of the underground silos. In fact, if
the United States deployed an MPS basing system, it would be
the U.S. position that the canisters, rather than the underground
shelters, would constitute the missile launchers. Under these
circumstances, the number of underground shelters would no
longer provide a practical surrogate for the number of ICBMs
that could be launched. Yet, counting the number of canisters
produced might be a difficult task, depending on the deployment
and operating practices adopted by the country deploying canister
launchers. Thus, placing support equipment in canisters may
reinforce the need to begin to limit missile production and
stockpiles.
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FUTURE SALT NEGOTI ATI ONS AND MULTIPLE PROTECTI VE STRUCTURE BAS NG

This chapter has examned those possible Soviet responses
that could affect the costs and survivability of an MPS basing
system for | and-based ICBMs. For exanple, the Soviets might
increase the nunber of mssiles and warheads in their ICBM force.
If the Whited States wanted to maintain the ability of its MPS
basing system to provide a large nunber of surviving warheads, it
woul d be necessary to expand the system thereby increasing its
cost . Li kewi se, U.S. uncertainties about the nunber of Soviet
ICBMs available for an attack could also create pressures for the
expansi on of an MPS basi ng conpl ex.

It is possible that the Soviets would refrain frommaki ng any
overt response to U.S., deploynment of an MPS basing system  They
m ght accept the U.S. determ nation to maintain a survivable
| and- based ICBM system They nmight be unwilling to bear the great
costs that efforts to threaten the survivability of an MPS
basi ng conpl ex woul d inpose. Yet, because the possibility exists
that the Soviets would respond, it is inportant to consider the
inplications of possible responses. Mreover, U.S. uncertainties
about the nunber of Soviet missiles that could be depl oyed rapidly
in a crisis nmght present a nore worrisone danger to the surviva-
bility of an MPS basing system than an overt Soviet missile
bui | dup.

The inpact of possible Soviet responses and U.S. uncer-
tainties points to the inportance of pursuing a strategy that
integrates planning for an MPS basing system with future SALT
negoti ati ons. G particular inportance to an MPS basing system
woul d be verifiable future SALT provisions designed to:

o Limt the nunber of Soviet multiple-warhead |(B\;

o Limt the nunber of warheads that could be flight-tested
on an | CBM

o Limt production and stockpiling of |CB\W;

o Establish verifiable procedures for disnantling |aunchers
and mssiles retired fromthe active force; and

0 BEstablish reliable procedures for verifying linmts on
the nunber of nobile mssile |aunchers that could be
depl oyed.



The inportance of these kinds of SALT provisions to a U S
MPS basing system raises the question of whether or not the
Soviets would accept limts on their IcBM force that would have
the effect of enhancing the survivability of u.S. |and-based
ICBMs. They have apparently been unwlling to do so in the past,
and they could be expected to engage in hard bargaining in future
SALT negotiations.

The possibility that the Soviets mght not see their inter—
ests in the SALT negotiations to be parallel to U.S. interests in
this area suggests a need to consider what actions the United
States mght take to influence the Soviet SALT position. For
exanple, the Whited States would probably want to denonstrate a
determnation to counter any Soviet responses that could threaten
a U.S. MS basing system Sone have also suggested that u.s.
devel opment of a mssile capable of threatening Soviet silo-
housed ICBM would make the. Soviets nore inclined to see a
comon interest in negotiating measures designed to enhance the
survivability of nobile mssile systens. (Qhers have suggested
the opposite course, urging the United States to avoid posing a
threat to Soviet silo-housed ICBMs; in this view, such a threat
mght cause the Soviets to deploy nmssiles in a way that would
make it difficult for the United States to assess accurately
the size of the Soviet 1(BM force. A a mninum it would be
necessary to design a U.S. MPS basing system to be verifiable;
otherwise, the United States would be unable to insist that
a Soviet mobile mssile system be designed with SALT verification
in mnd.

It is inportant to remenber that the SALT provisions of
relevance to a U.S. MPS basing system would be those in effect in
the 1990s, including both new provisions negotiated in the future
and those that mght be retained fromthe SALT | treaty or the
proposed SALT Il agreenent, if ratified. The proposed SALT Il
agreenent, which would expire at the end of 1985 unless extended,
mght be considered a first step toward achieving the kinds of
future SALT provisions inportant to an MPS basing system During
its life, the SALT Il treaty would legally limt the Soviets to
the depl oynent of no nore than 820 |aunchers for multiple-warhead
ICBMs, a limt that they could surpass by 1982 if there were no
SALT restrictions and current deploynent rates continued. In
addition, the SALT Il agreenent would limt to 10 the nunber of
warheads that could be flight-tested on an ICBM Wthout such a
limt, the Soviets mght begin testing mssiles with |arger
nunbers of warheads; once such tests had occurred, it would be
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very difficult, perhaps inpossible, to verify that the Soviets had
not deployed nmssiles wth larger nunbers of smaller warheads.

The proposed SALT Il agreenent would |eave unresolved the
issue of establishing specific cooperative verification procedures
for counting nunbers of nobile 1CBMs depl oyed, although precedents
for cooperative measures may be established in the treaty. A
protocol to the treaty, which would last until the end of 1981,
woul d tenporarily ban the deployment of nobile |CBM systens
and the flight-testing of ICBMs from nobile launchers. The
proposed SALT Il agreenent, however, explicitly permts depl oynent
of nmobile 1M launchers after the expiration of the tenporary
protocol period. 30/

The SALT II agreement would, wth one exception, contain no
restrictions on mssile production--another provision that m ght
be inportant in the future if the United States decides to depl oy
an MPS basing system

30/ See Fiscal Year 1980 Arns Control Inpact Statements,  Joint
Comittee Print, pp. 12-13.
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CHAPTER | V. UuS MSSILE CPTI ONS

The MX program budget request contains funds for both a new,
nore survivable basing system and a new nissile. Qver the long
run, the deploynent of a new basing system would have the |arger

budgetary inpact. In fiscal year 1980 and during the next two or
three years, on the other hand, the major issue in the program
budget will be whether or not to develop a new nissile. O the

total fiscal year 1980 budget request of $675 nillion for the
program about $450 mllion would fund mssile devel opment activi-
ties. In addition, about $170 mllion of the $265 mllion fiscal
year 1979 supplenental request would be for missile devel opnent.

In considering the MX program budget request, the Congress
may find it useful to separate the basing and the mssile deci-
sions. Although the two decisions are related, they are separabl e
since many types of missiles could be deployed in a nultiple
protective structure basing system For exanple, it would be
possible to redeploy a portion of the existing Minuteman force in
an MPS basing system Alternative options are also available -
anong the new missiles. 1/

The mssile and basing decisions also raise somewhat dif-
ferent issues that should be l|ogically separated. For exanpl e,
one reason for developing a new mssile would be to inprove the
US capability to destroy Soviet nilitary targets, especially
har dened underground ICBM sil os. A new, nore survivable basing
system,on the other hand, mght be deployed in order to maintain
the present nuclear Triad, in which strategic weapons are distrib-
uted anong three different basing systens. The question of what
types of Soviet targets the US arsenal should be able to destroy
is a separable issue related nmore closely to the type and nunber
of mssiles depl oyed.

1/ Athough the mssile and basing decisions are conceptually

~  separable, they are closely related in a technical sense. The
characteristics of the missile-—including size, weight, power
requirements, and el ectronic systems--would have to be speci-
fied before the equipnent for the basing system could be de-
signed and tested.
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This chapter examnes three general nissile options that
the Congress could consider for deploynment in an MPS basing
system:

o Full-scale developrment of the MX nissile, a large ICBM
designed to deliver nany powerful nuclear warheads with
hi gh accuracy;

o Initial devel oprment of a "fully common" nissile that could
be depl oyed both in an MPS basing systemand in the |arge
mssile tubes of Trident subnarines; and

o Mdification of the 5850 existing silo-housed Minuteman
Il missiles for deploynment in an MPS basing system

Three major issues affect the mssile choice. First, the
costs to develop, deploy, and operate an MPS basing system for
ICBMs would, to a certain extent, be dependent upon the type of
m ssil e depl oyed. Second, the retaliatory capabilities to be
provi ded by the ICBM force deployed in an MPS basing systemwoul d
have an inportant effect on the preference for one nissile option
over anot her. Third, the degree of commitment to the ultimate
depl oynent of an MPS basing system would affect a choice anong
the missile options.

Cost Considerations. Costs would be affected in a variety of
ways by the type of nmissile deployed in an MPS basing system Use
of existing Mnutenman Il mssiles woul d mnimze devel opment and
procurenment costs, while efforts to conbine the MK and Trident Il
m ssil e prograns woul d di mnish missile devel oprment costs.

To sone extent, the costs of an MPS basing system itself
woul d be affected by the nissile deployed in the system The size
of the nissile and, thus, the nunber of warheads carried on each
mssile would be a particularly inportant factor. The nunber of
warheads carried on each mssile would deternine the total nunber
of mssiles needed in order to provide a given nunber of warheads.
Many MPS basing system costs would increase with the nunber of
m ssiles depl oyed. A larger nunber of sets of nissile-support
equi prrent woul d have to be procured. The increased cost would
not be insignificant; for exanple, 250 additional mssile canis-
ters and sets of support equi prent woul d cost about $1.2 billion.
Indirectly, the nunber of shelters would also depend on the
nunber of mssiles depl oyed. It has been assuned in this study
that one U S silo—housed Mnuteman nmissile would be retired for
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each nissile deployed in an MPS basing system in order to renain
within a future SALT limt on the nunber of nultiple-warhead
mssiles that may be depl oyed. Each silo-housed mssile retired
would free two Soviet warheads for targeting on the U.S. MPS
basi ng conplex, thus requiring construction of an offsetting
nunber of shelters. On the other hand, the unit cost of the
shelters would increase with the size of the mssiles deployed in
the system therefore, sonme costs would be lower if smaller
nmssiles were deployed. Total basing costs woul d depend upon all
these factors.

Retaliatory Capabilities. The retaliatory capabilities to be
provided by an MPS basing system is the second issue that would
affect the choice among nissile options. Two specific questions
about U.S. retaliatory capabilities relate closely to the nissile
decision. First, how many surviving warheads should an MPS basi ng
system be designed to provide? Second, should the United States
develop a nissile with inproved accuracy and an enhanced potenti al
to destroy Soviet hard targets, especially ICBM silos?

The ranking of the missile options on the basis of cost would
vary with the desired nunmber of surviving U.S. warheads. An
MPS basing system with Minuteman IlIl mssiles mght constitute
the least expensive option if the United States wanted a snall
nunber of surviving warheads--that is, about 500 surviving war-
heads. If the Wnited States wanted an MPS basing system that
could provide 2,000 or nore surviving warheads, the devel opnent of
a large MK mssile would be the nost attractive option on the
basis of cost.

If the Uhited States wanted to acquire an enhanced capability
to destroy Soviet hard targets, the MK missile option would offer
the greatest advantage. In addition, the MK mssile might provide
other technical inproverments that would make it an attractive
opti on.

Degree of Commitnent. A common missile program conbining
the MK and Trident |l missile development prograns, m ght be an
attractive option if the Congress were uncertain about whether it
ultinately wished to deploy an MPS basing system If serious
doubts existed, it mght be nore appropriate to develop a mssile
that could be deployed either in an MPS basing system or aboard
Trident submarines, rather than a missile that was designed
specifically for deployment in an MPS basing system Thus, the
m ssile choice should be considered in the context of |arger
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questions about the U.S. commitment to maintain a survivable land-
based 1CBM force and about the relationship of the MX program
to other programs, especially the Trident Il missile program.

The following three sections briefly describe three missile
options available to the United States. The discussion focuses
on the major advantages and disadvantages of each missile. A
fourth and final section compares the costs of an MPS basing
system deploying the three alternative missile types. The
comparison shows the effects on costs of varying the number of
desired surviving U. S. warheads.

THE MX MISSILE

The MX missile would be a large intercontinental ballistic
missile, measuring up to 92 inches in diameter and 70.5 feet in
length and weighing up to 190,000 pounds. 2/ It would be de
signed to deliver a payload of 10 or more warheads. 3/ This would
represent a significant increase in warhead-carrying capacity over
the newest existing U.S. ICBM, the three-warhead Minuteman III
missile. (The MX missile would provide approximately the same
lifting power as the Soviet S$S5-19 missile, but would be about
half as powerful as the Soviet $S-18 ICBM.) The MX missile would
also be more accurate than the Minuteman II1 missile; its advanced

2/ U.S. Department of the Air Force, MX; Milestone Il, Final
Environmental Impact Statement, Part |, Program Overview
(October 1978), pp. I-11, I-15.

3/ The MX missile would be restricted to 10 warheads by the SALT
Il limit on the number of warheads that may be flight-tested
on an [CBM. Without SALT restrictions, the missile would
reportedly be capable of carrying 11 MK-12A warheads with a
reported explosive yield of 335 kilotons. See Edgar Ulsamer,
"Toward a New World Strategy," Air Force Magazine (January
1979), pp. 60-65; and Clarence A. Robinson, Jr., "MX Basing
Delay Threatens SALT Ratification,” Aviation Week and Space
Technology (November 20, 1978), pp. 20-22. Alternatively, MX
missiles might be armed with 10 Advanced Ballistic Reentry
Vehicles (ABRVs), which would have a reported explosive power
of about 500 kilotons. See Edgar Ulsamer, "MX Status Report,"
Air Force Magazine (May 1979), pp. 22-25.
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inertial guidance system could reportedly deliver warheads to
within 400 feet of their targets. 4/

The MX missile's ability to carry 10 warheads woul d provide
the maxi mum capability allowed an ICBM under the proposed SALT Il
treaty. Wth a large 10-warhead MX nissile, the United Sates
would need a snaller nunber of nissiles in order to provide a

given total nunber of warheads. In the future, the United States
may begin to press against SALT mssile limts. For exanple, the
proposed SALT Il agreenent, if ratified, would limt to 1,320

the total nunmber of multiple-warhead ICBMs, nultiple-warhead
subrarine-launched ballistic mssiles and aircraft arnmed wth
long-range cruise nissiles. If the Whited States depl oyed about
600 rmultiple-warhead Poseidon and Trident SBW and 173 B-52s
armed with long-range cruise nissiles, then no nore than about 550

mul tiple-warhead |CBMs could be depl oyed. Devel opnent of a new
mssile that could carry nore than the three warheads nounted on
the 550 existing Minuteman |l missiles would be the only way to

i ncrease the number of warheads in the US nultiple-warhead
|CBM force above the current level of 1,650 This would be an
especially inportant concern for missiles deployed in an MPS
basi ng system because a |arge nunber of warheads woul d have to be
deployed in order to allow for the fact that a portion of them
could be destroyed in a Soviet first strike.

The inproved accuracy and the |arge nunber of powerful
war heads that could be provided by the MX nissile could also
inmprove the US ability to destroy hard targets in the Soviet
Union--including |ICBM silos, nuclear weapon storage bunkers
and other weapon depots, and underground comrand centers. | f
MK missiles were accurate to within 400 feet of their targets,
each warhead delivered by a reliable missile wuld have a 90
percent chance of destroying a target hardened to resist blast
pressures of 2,000 pounds per square inch. Thus, the M ms-
sile could provide the United States with an inproved capabil -
ity to launch a second-strike retaliatory attack against well-
protected Soviet mlitary targets, in addition to a capabil-
ity to destroy Soviet industrial conplexes and soft mlitary
targets.

4/ Qarence A FRobinson, Jr., "M Deploynent U ged for Parity,™
Avi ati on Wek and Space Technol ogy (Decenber 5, 1977), p.
14.
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A large force of MK missiles wuld also pose a nore serious
first-strike threat against the Soviet silo-housed ICBM force.
For exanple, with a force of MK missiles |arge enough to target
two warheads on each Soviet ICBM silo, a task that would require
sonme 2,000 to 3,000 warheads, the United States could destroy nore
than 90 percent of the Soviet: silo-housed mssile force in a
first strike. 5/ This attribute of the MX missile has been a
particularly controversial issue.

By establishing a new active nissile production 1line, the
United States would also inprove its ability to increase rapidly
the size of the US |ICBM force. This would provide a hedge
against the possibility that the US subnarine fleet or bonber
force m ght encounter unexpected future problens, requiring rapid
US corrective action. It would al so hedge against the possibil-
ity that SALT limts mght be discontinued in the future, allowng
the Soviets to build up their |CBM force.

The MK mssile, like the common nissile, could incorporate
several technical inprovenents not available in existing Minuteman
ITI mssiles. The new m ssiles would have better protection
against the dust, heat, and radiation encountered in a flight
from an MPS basing conplex that had already been attacked by the
Soviet Whion. An inproved conputer would allow nore rapid retar-
geting of the missiles remaining after a Soviet first-strike
attack. The mssiles wuld also be designed so that the guidance
system (the part of a mssile that needs repair nost frequently)
could be renmoved without requiring the removal of the nuclear
war heads positioned at the top of the mssile, a design feature
not available in existing Mnuteman mnissiles.

A ternative Versions. Two versions of the MK nissile are
under consideration within the Department of Defense. The Ar
Force has recomrended developnent of a nissile with a dianeter
of 92 inches. Such a mssile could reportedly carry 11 MK-12A
war heads. 6/ Also under consideration is a nissile with a

5/ See Congressional Budget Cfice, Counterforce Issues for the
US Strategic Nuclear Forces, Background Paper (January
1978) .

6/ Usaner, "Toward a New VWrld Strategy,” pp. 60-65.
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diameter of 83 inches that would allow two of the three main
booster stages to be used in the Navy's planned Trident II missile
when that missile was developed later in the 1980s. The Air Force
version of the missile, known as the "partly common” missile,
would be much larger than the Trident Il missile and would
probably use a different guidance system. The 83-inch diameter
missile, however, would be somewhat smaller in total volume than
the 92-inch diameter version. Although smaller in volume, most
of the lifting power of the MX missile would be retained by
using high-energy rocket propellants. A smal amount of power
would be lost, however, reducing the number of MK-12A warheads
that could potentially be carried from 11 to 10 and cutting the
range slightly. 7/

By making two MX missile booster stages compatible with
the Navy's Trident Il missile design, savings of approximately
$350 million could be achieved if a Trident Il development program
were undertaken later in the 1980s. Three possible disadvantages
might be associated with a program linking the development of the
MX and Trident Il missiles. First, because the precise design of
the Trident Il missile is as yet undefined, coordination of the
two programs would slow the MX development schedule, thereby
possibly eroding the cost savings. Second, any reliability
or aging problems encountered in the two common booster stages
would affect both the ICBM force and the submarine missile force,
thus reducing the hedging provided by having three separate
strategic forces. Third, the reduced-diameter missile would
provide somewhat less lifting power, or “throwweight.” Although
the MX missile would be limited to 10 warheads by the proposed
SALT Il agreement, the extra throwweight provided by the 92-inch
diameter missile could be used to carry decoy warheads designed to
confuse a Soviet ballistic missile defense system or to carry
larger, more powerful warheads. 8/

7/ lbid.

8/ For example, the MX missile could carry 10 ABRVs, which
would have a reported explosive power of about 500 kilotons.
See Ulsamer, "MX Status Report,” pp. 22-25. A warhead of
this size would improve the ability of the MX missile to
destroy Soviet hard targets, and it could increase the area
destruction potential of each warhead. The ABRV would cost
about $750 million to develop, and each warhead would cost
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Development of the MX missile would cost about $4.7 billion.
A major portion of that cost--about $500 million--would be
associated with the development of an the Advanced Inertial
Reference Sphere (AIRS) for the guidance system. |If the Congress
does not wish to provide the United States with an improved
capability to destroy Soviet hard targets, consideration could be
given to the possibility of vising a modified version of the
existing NS-20 guidance system designed for the Minuteman |[]
missile. 9/

Table 7 shows the estimated costs to develop, deploy, and

operate an MPS basing system with MX missiles for four different
numbers of surviving warheads.

THE COMMON MISSILE

The Navy designed the Trident submarine to carry a missile 83
inches in diameter and 44 feet in length. Such a missile, which
could be developed during the latter half of the 1980s, would be
about twice as powerful as the Trident | missiles now being
produced for deployment aboard 12 existing Poseidon submarines and
the first Trident submarines that are to enter the fleet in the
early and middle 1980s.

Instead of developing two new missiles, one for the Air
Force's MPS basing system and one for the Navy's Trident submar-
ines, it might be possible to develop one missile that could
serve both purposes. By developing such a "fully common' missile,
some of the expense of developing two separate missiles might be
saved.

about 10 percent more than an MK-12A warhead. See Department
of Defense Authorization for Appropriations for Fiscal Year
1978, Hearings before the Senate Committee on Armed Services,
95:1 (April 1977), Part 10, p. 6560.

9/ Use of a guidance system based on the NS-20 design, but with
an improved capability to withstand nuclear effects and with a
capability to travel in all directions, would save about $150
million in development and about $230 million in procurement
(based on procurement of a total of 500 MX missiles).
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TABLE 7. G0BTS OF MK M SSILES N A MLTI PLE PROTECTI VE STRUCTURE BASI NG SYSTEM
IN BILLIONS CF FISCAL YEAR 1980 DOLLARS

Desi red

Nunber of

Sur vi vi ng Tot al Devel opnent | nvest nent

Warheads System Total Missile Basing Total Missile Basing Operating

500 a/ 30.9 7.1 4.7 2.4 18.5 3.9 14.6 5.3
1,000 b/ 34.7 7.1 4.7 2.4 22,2 5.2 17.0 5.4
1,500 ¢/ 37.8 7.1 4.7 2.4 253 6.3 19.0 5.4
2,000 d/ 40.7 7.1 4.7 2.4 28.1 7.3 20.8 5.5

NOTE: The costs are based on the "no-response” Soviet 1ICBM threat described
in Chapter Il. Cost estimates were derived from the MX Cost Effectiveness
Model developed by the Space and Missile Systems Organization of the
Air Force. Appendix A provides a brief description of this model. The
costs do not include warhead costs, which are classified. Costs assume
that one silo-housed Minuteman IlIl missile would be retired for each
missile deployed in an MPS basing system.

a/ 190 MX missiles and 4,700 vertical shelters.
b/ 310 MX missiles and 5,500 vertical shelters.
¢/ 420M X missiles and 6,100 vertical shelters.

d/ 520 MX missiles and 6,700 vertical shelters.

Because the constraints inposed by the Trident subnarine
would determine both the size and the type of guidance system
of such a common mssile, a mssile to be used by both the Ar
Force and the Navy would have to resenble closely the Trident |1
mssile design. Thus, a fully common nmissile, like the Trident
I, would have only about one-half the lifting power of the M
mssile. 10/ It would, however, be roughly twice as powerful

10/ uUuS  Department of the Air Force, MX, _Mlestone Il, Final
Environnental |npact Statenent, Part |, Program Overview
(Cct ober 1978), pp. I-14, I-15.
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as the existing Minuteman I|Il ICBM. The common mssile woul d
have a throwweight of about 5000 pounds, conpared with 7,850
pounds for the MX mssile. The Mnuteman IIl nissile has a
t hr owei ght of 2,200 pounds. 11/

Sonme adjustrments would have to be nmade in order to assure
that the common nmissile would be conpatible with deploynment in an
MPS basing system For example, at a mininum the mssiles could
be designed to provide protection against the nuclear effects they
woul d encounter in flight froman MPS basing conplex that had been
attacked by the Soviet Lhion. 12/ In addition, the Navy would
have to accelerate its Trident |1 devel opnent programin order to
achieve an initial operational capability for a comon nissile in
fiscal year 1987, closer to the time when the Air Force woul d have
its first set of shelters ready.

Pot enti al Advant ages. There are two najor potential advan-
tages to be gained from a comron mssile program First, sone
of the costs associated with the devel opment of two new | ong-range
ballistic mssiles mght be saved. The MX and Trident II missiles
woul d cost about $5 billion each to develop, so the potential
savings are significant. A common missile programwoul d not
necessarily save $5 billion, however. Devel oping a conmon mssile
that would be conpatible with both MPS basing and submarine
basi ng woul d increase devel opment costs. In addition, deploymnent
of a mssile smaller than the MK in an MPS basing system m ght
increase the costs of the basing conplex, a possibility that is
addressed in a follow ng section.

If a separate MX nissile were developed and an MPS basi ng
systemdepl oyed, the large costs of the Air Force program coupled
with the need for overall budget: constraints, m ght preclude najor
funding for the separate devel opnment of a second nissile for the
Navy. As Table 1 in Chapter | indicates, the M program coul d
require annual funding of $3 billion to $ billion from fiscal

11/ See Edgar U saner, "The Survivable |1CBM Challenge," Air
For ce Magazi ne ( Sept enber 1978), pp. 25 26.

12/ Common nissiles deployed in an MPS basing system woul d
have to be fitted with a different shroud than would the
missiles deployed in subnarines. The Air Force shroud woul d
be designed to provide substantial protection against dust in
t he at nosphere.
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year 1983 through fiscal year 1987. This high budgetary inpact
would nean that funds for other strategic programs would be
especially scarce. Mreover, because funds are needed for other
naval progranms, the Navy has been reluctant to conmmt major
resources to the Trident Il missile devel opment program for which
annual funding requirenments could reach $1 billion or nore.
Full -scale developnent of the Trident Il nissile mght well be
deferred until the late 1980s, thereby delaying its availability
until the mddle 1990s. A common nissile program might be the
only way to develop nore rapidly a new, large mssile for the
Trident subrmarines, along with an MPS basing system 13/

Flexibility in mssile basing is the second potential advan-
tage to be gained from a common nissile program A common m s-
sile, if developed, could be deployed either aboard Trident
subrmarines or in an MPS basing system Thus, if the Congress were
to decide ultimately not to deploy an MPS basing system funds
spent on the developnment of a new mssile would not have been
wast ed. Such a hedge against a decision not to deploy an MPS
basing system may be deemed desirable because the Congress nay
be undeci ded about whether or not the deployment of a new | and-
based ICBM system would be preferable to a policy of placing
increased reliance on strategic subrmarines and aircraft.

As pointed out earlier, the Congress wll face a major
deci sion about the developnment of a new mssile before it nust
commt najor funding to the depl oynent of a new basing system By
pursuing a conmon nissile program it could avoid the commtnent
of major funding to a mssile suited primarily for deployment in
an MPS basing system The option discussed here assumes that

13/ The wearlier availability of the Trident Il mssile could

T offer potential budgetary savings. Procurerment of a rela-
tively small nunber of Trident subnarines with large Trident
Il mssiles might provide a | ess expensive alternative to the
depl oynent of an equally capable force consisting of a
| arger nunber of Trident subnmarines arned with smaller
Trident | mssiles. Moreover, if the Trident Il mssile
becane avail abl e sooner, fewer Trident | mssiles would have
to be bought for Trident subnarines that entered the fleet
before the Trident 11 mnissile becane avail able. Thi s
consideration is discussed in a forthcom ng CBO paper on the
costs of future sea-based deterrent systens.
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full -scale developnent of a common nissile would begin in fiscal
year 1981 and that a production line would be established in
fiscal year 1984 The Navy could start buying nissiles in fiscal
year 1984, with the first nissiles available for deploynent by
fiscal year 1987. Meanwhi l e, the Congress could continue funding
the devel opment of conponents for an MPS basing system desi gned
for conpatibility with the fully common mssile, and it could
initiate the land acquisition process for the new basing system
Major funding for construction of an MPS basing system would not
begin until fiscal year 1983. Until that time, the Congress woul d
maintain the option to forego deploynment of an MPS basing system
and to procure conmon nissiles for Trident submarines only.

A common missile program would al so hedge agai nst a decision
not to deploy an MPS basing system by speeding the availability
of a nore capable nmissile for the Navy's Trident subnarines.
If such a missile becane available for deployment in Trident
subrmarines by fiscal year 1987, the Congress woul d have the option
to increase rapidly the capabilities of the strategic submarine
force as new Trident submarines entered the fleet in the latter
hal f of the 1980s. By contrast, if the MK mssile was devel oped,
and if the Navy developed its Trident Il nmssile at a slower pace
because of budgetary constraints, the Uhited States woul d have few
options imediately available in the latter half of the 1980s in
the event that an MPS basing systemwas not depl oyed.

Potential D sadvant ages. A though a common mssile program
mght offer inportant potential advantages, it could also suffer
from possi bl e disadvantages. First, there is a risk that mssile
devel opnent cost savings night be eroded despite the common
program Conmpl i cations and coordination problenms associated
with the devel opnent of a missile designed for conpatibility with
two different basing systens night significantly increase the
costs of the nissile devel opment program Each change in the
nmssile design might have to take into account the conplex elec-
tronic systens of both a Trident submarine and an MPS basing
system resulting in costly delays and redesigns. Over the course
of the program the mssile design mght become nore and nore
conplicated and constrained by the necessity of having to provide
connections with tw different basing systens. This added com
plexity could create a potential for delays and cost overruns that
woul d not be experienced in separate nissile devel opnent prograns.

It is difficult to estinmate the effect such added conplexity
nm ght have on costs. The extent of the problemm ght depend
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upon such inponderables as the design of the electronic sys-
tems, or on whether each of the two services would insist that a
common nissile incorporate all of the unique design features that
its own nissile would have had. The Navy estinates that a real-
istic budget for the devel opnment of a fully common mssile woul d
be at least $.9 billion in 1980 dollars, an estinmate that in-
cludes a 20 percent added reserve for possible cost increases
due to added conplexity. 14/ (This estimate is used in the
costs for the common nissile option shown in Table 8) This
cost, however, is still lower than the conbined cost of separ-
ate MK and Trident |l missile devel opment prograns ($.7 billion
and $5.2 billion, respectively, for a conbined total of $9.9
billion). :

Second, use of a conmon missile for deployment both in
Trident submarines and in an MPS basing systemwould increase the
risk that unexpected reliability or aging problens found in US
ballistic mssiles would jeopardize both the submarine mssile
force and the |and-based ICBM force. Such probl ens have been
encountered in the past. For exanple, in the early 1970s, a
reliability problem was discovered with the Poseidon subnarine-
launched ballistic nmissile. 15/ Aging problens have also been
encountered; for exanple, aging of the second booster stage of the
Mnuteman Il nmissile may, in the future, require corrective
action. 16/

A third possible disadvantage of a conmmon missile program
mght be snmaller mssile size. Snaller fully common mssiles
could carry fewer warheads than MX nissiles, thus providing
somewhat |ess capability under SALT mssile ceilings.

Because the common mssile would carry fewer warheads than
the MK mssile, nore common mssiles would have to be deployed

14/ Information provided to OBO by the Cffice of Legislative
Affairs, US Navy (My 15, 1979).

15/ US Departnent of Defense, Annual Report, Fiscal Year 1975,
pp. 57-58.

16/ Departnent of Defense Authorization for Appropriations for
Fiscal Year 1979, Hearings before the Senate Commttee on
Arned Services, 95:2 (April and May 1978), Part 9, p., 6513
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in an MPS basing conplex in order to provide a given nunber of
war heads. Deployrment of a larger nunber of smaller mssiles woul d
affect the costs of an MPS basing system A larger nunber of sets
of m ssile-support equipnent would have to be procured. And
because nore missiles would be deployed in an MPS basing system
nore silo-housed Minuteman ICBMs would have to be retired (under
the assunption that one silo—housed missile would be retired for
each missile deployed in an MPS basing system). This would allow
the Soviets to target additional warheads on the MPS basing
conplex, thereby requiring a slightly larger nunber of shelters.
O the other hand, snaller nissiles would require snaller shel-
ters, thereby reducing the total cost of adding a shelter to an
MPS basing conplex from $2.6 mllion to $2.2 mllion. n bal ance,
basing costs for snaller fully common mssiles would L conparabl e
to those for larger MX missiles.

The gui dance systemused in the common nissile woul d probably
be somewhat less accurate than the advanced inertial guidance
system planned for the MX nmissile, although mssile accuracy
woul d probably be "nearly conparable.” 17/ This |esser accuracy
woul d mean less U.S. ability to destroy hard targets in the Sovi et
Lhi on. If the Congress wishes to acquire an inproved capability
to destroy Soviet hard targets, deployment of common missiles in
an MPS basing systemwould be a less attractive option than the MX
mssile option.

A common mssile program would also slightly slow the avail-
ability of a new mssile for deploynent in an MPS basing system
The fiscal year 1986 initial operational capability for the M
mssile would probably be slowed by one year. The Navy's Trident
Il mssile is in a less advanced stage of devel opnent than
the Air Force's MK nmissile. The design of the Trident Il mssile
is not precisely defined; initial testing of conponents to be used
in the mssile has not taken place; and sone tine would probably
be required for design and managenent coordination between the
Navy and the Air Force. The option described here assumes that,
by undertaking intensive efforts in the remainder of fiscal year
1979--using funds from the supplenental authorization-—and in
fiscal year 1980, a common mssile mght be ready for full-scale

17/ UuS  Departnent of the Air Force, MK, Mlestone II, Final
Environnental Inpact Statenent, Part |, Program Overview
(Cctober 1978), p. I-la.




devel oprment in fiscal year 1981 The first nissiles could be
depl oyed six years later, in fiscal year 1987.

A delay of one year in the availability of a newmssile for
an MPS basing system may not be considered a serious problem
Because it would take several years to construct enough shelters
for the system the conpletion date of an MPS basi hg systemmay be
nmore inportant than the date of initial mssile deploynent. Thus,
the schedule for the land acquisition process and for shelter
construction may be nore inportant than the mssile devel opnent
schedul e.

Table 8 shows the costs for an MPS basing systemw th common
mssiles deployed. Table 9 shows an illustrative funding schedul e
for a common m ssile devel opment program

MDD Fl ED MINUTEMAN |1l M SSI LES

The existing force of 550 Minuteman IIl nissiles now depl oyed
in fixed silos could, wth relatively nmnor modifications, be
depl oyed in an MPS basing system Mnuteman Il nissiles carry

only three warheads, conpared with at least 10 warheads on M
mssiles. 18/

Potenti al Advant ages. Depl oynent of Mnuteman 111 nissiles
in an MPS basing systemwould elinmnate the high devel opnent and
procurenent costs that would be incurred if new MK or Trident II
m ssil es were depl oyed. Devel opnent costs for the nodification of

Mnuteman Il mssiles would be only about $600 mllion, conpared
with a cost of about $5 billion to develop a newmssile. Modify-
ing enough Mnuterman |Il mssiles to support a deployed force

of 550 missiles would cost only about $900 nillion, 19/ conpared

18/ The Mnuterman Ill nissile neasures 52 inches to 66 inches in

~  dianeter, 60 feet in length, and weighs 78,000 pounds. See
Departnent of Defense Authorization for Appropriations for
Fi scal Year 1979, Hearings, Part 9, p. 6464

1_9/ Modifications to Mnutenman IIl nmissiles would include making
them conpatible both with launching from canisters and with
the novenment of fully assenbled missiles anmong the shelters
and mai ntenance facilities in an MPS basing system (Under
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TABLE 8. asTS G COWON M SSILES IN A MALTIPLE PROTECTIVE STRUCTURE BASING SYSTEM IN BILLIONS CF

FI SCAL YEAR 1980 DQOLLARS

Desired

Number of Devel opment

Surviving  Total Navy Missile Investment

Warheads System Total Missile Savings Basing Total Missile Basing Operating

500 a/ 26.7 4.0 6.9 -5.2 2.3 17.3 35 13.8 54

1,000 b/ 31.0 4.0 6.9 -5.2 2.3 21.6 51 16.5 54

1,500 ¢/ 35.0 4.0 6.9 -5.2 2.3 25.1 5.9 19.2 5.9

2,000 d/ 415 4.0 6.9 -5.2 2.3 29.7 5.9 23.8 7.8

NOTE: The costs are based on the "no-response"” Soviet ICBM threat described in Chapter Il. Cost esti-
nates were derived fromthe MX Cost Effectiveness Mddel devel oped by the Space and Mssile Systens
Qrgani zation of the Air Force. Appendix A provides a brief description of this model. The costs

do not include warhead costs, which are classified. Costs assunme that one silo-housed M nutenan
Il mssile would be retired for each missile deployed in an MPS basing system The costs that
the Navy would have incurred in developing the Trident Il missile ($.2 billion) and in estab-
lishing a production line ($310 nillion) have been subtracted from the total program costs.
(The Navy would fund separately the devel opnent of the special equipnent required for Trident |1
mssiles deployed in Trident subnmarines.) The costs shown here are for a common nissile capable
of carrying six warheads.

270 common mssiles and 5,200 vertical shelters.
450 common missiles and 6,300 vertical shelters.

550 common missiles and 7,600 vertical shelters.

d/ 550 common nissiles and 10,500 vertical shelters. This option is linited to the deployment of 550
mssiles by a postulated future SALT linit.



TABLE 9. | LLUSTRATI VE FUNDI NG PRCFI LE FOR COWON M SSILES IN A MLLTI PLE PROTECTI VE STRUCTURE BASI NG
SYSTEM BY FI SCAL YEARS, IN MLLIONS OF FI SCAL YEAR 1980 DCLLARS

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 Tot al
Devel oprrent
Mssile 450 900 1,400 1,200 1,100 900 700 250 — - - 1,700 a/
Basi ng 200 400 500 400 300 200 200 100 - i - 2, 300
Tot al 650 1,300 1,900 1,600 1,400 1,100 900 350 - - - 4,000 3/
I nvest nent
Mssile - - - 400 1,100 1,000 900 900 800 - - 5, 100
Basi ng - - — 1,700 3,700 4,000 3,600 3, 100 400 — — 16,500
Tot al - - — 2,100 4,800 5,000 4,500 4,000 1,200 - - 21, 600
Operations and :
Maintenance — — — — — — 300 300 400 400 400 b/ 5,400
TOTAL 650 1,300 1,900 3,700 6,200 6,100 5,700 4,650 1,600 400 400 b/ 30,700 a/

NOTE: The costs assume an MPS basing system that could provide 1,000 surviving warheads. The costs
are based on the "no-response"” Soviet ICBM threat described in Chapter Il. Cost estimate* were
derived from the MX Cost Effectiveness Model developed by the Space and Missile Systems Organ-
ization of the Air Force. The costs do not include warhead costs, which are classified.

a/ The costs of the Navy's Trident Il missile development program ($5.2 billion) have been subtracted.

b/ Annual system operating costs of $400 million would continue for nine additional years not shown
on this table.



with a cost of at least $3.5 billion for the procurement of new
m ssi |l es. Al though the costs of the MPS basing conplex itself
would be higher if Minuteman IIl nissiles rather than larger MK or
Trident Il mssiles were deployed, total costs could be lower if
the Uhited States designed its MPS basing systemto provide about
500 surviving warheads.

By cancelling or delaying plans to develop a new nissile,
depl oynent of Mnuteman IlIl mssiles in an MPS basing system
would also allowthe United States to reduce the anount of funding
required in the early 1980s for a new ICBM system (see Table 11).
This would allow near-term budgetary savings. It would also have
the effect of separating politically the decision to deploy a new
nore survivable basing system from the decision to devel op a new,
nore powerful and nore accurate nissile.

Depl oynent of nodified Mnuteman IIl missiles in an MPS
basi ng system m ght be an attractive option to those who wsh to
avoid the acquisition of an inproved capability to destroy hard
targets in the Soviet Union, especially Soviet |CBM silos.
As discussed in the next chapter, such a capability is considered
undesirable by sone observers because it night increase Soviet
incentives to strike first in a crisis and to devel op new strate-
gic weapons systens. Existing Mnuterman |Il mssiles, even though
their accuracy has been recently inproved, and even if nore
pover ful MK-12A warheads were deployed on all 550 mssiles, 20/
would have at best a nodest capability to destroy hard targets.

Potential Disadvantages. A though the Mnuteman 111 option
has some potentially positive features, it also has several

existing practices, nissile boosters are transported separ-
ately from gui dance system conponents and nucl ear warheads.)
A new sabot for the first booster stage would be necessary
for launching froma canister. Horizontal nmovenent of fully
assenbled nissiles would require the nodification of the
propellant tanks for the fourth-stage post-boost propulsion
system Strengthening of the platform that holds the ms-
sile's nuclear warheads and rotation of the missile's guid-
ance equi prent would also be required. See Ibid., p. 6501

20/ aurrent planning calls for the depl oynent of MK-12A warheads
on 300 Mnuteman IIl missiles. See US Departnent of
Defense, Annual Report, F scal Year 1980, p. 66.
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significant disadvantages. For several reasons, deployment
of Minuteman |Il missiles would increase the costs of an MPS
basing system. These additional costs would erode and could, at
some point, overwhelm the savings gained in missile development
and procurement. Most important, an MPS basing system deploying
Minuteman Il missiles would require a large number of shelters.
This would be the only way to provide a large number of surviving
warheads because possible SALT missile ceilings and the lack of a
production line would limit the number of Minuteman IIl missiles
that could be deployed in an MPS basing system. 21/ For example,
if the United States wanted 1,000 surviving warheads, about 61
percent of the 1,650 warheads on the existing 550 Minuteman |1l
missiles would have to be able to survive a Soviet attack. This
would require the construction of enough shelters to ensure that
61 percent of the shelters could survive an attack. If the
Soviets were limited to the "no-response” ICBM threat described in
Chapter 1I, more than 10,000 shelters would be required in order
to ensure the survival of 61 percent of the shelters and missiles
and, thus, 1,000 warheads. This compares with a requirement for
5,500 shelters if MX missiles were deployed.

Other factors would contribute to the high costs of an MPS
basing system with Minuteman IlIl missiles deployed. Many sets
of missile-support equipment would be required because of the
large number of deployed missiles. Moreover, because all 550
existing silos for Minuteman Il missiles would be dismantled
as the missiles were redeployed in an MPS basing complex, more
Soviet warheads could be targeted on the complex and, thus, more
U.S. shelters would be required. With a large number of deployed
missiles and shelters, a large number of operating personnel would
be required.

21/ It would take about three and one-half years and $600 million

~ to resume production of additional missiles. (Information
provided to CBO by U.S. Air Force, October 25, 1978.) In
addition, production of additional missiles would dimin-
ish one of the major potential cost advantages provided by
the Minuteman I1I option. In any case, future SALT limits on
the number of multiple-warhead ICBMs, multiple-warhead
submarine—launched ballistic missiles, and aircraft armed
with long-range cruise missiles would probably prohibit the
deployment of a large number of additional Minuteman 111
missiles.
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Even if the total costs for an MPS basing systemwth

Minuteman IIl mssiles deployed were |lower than the costs for a
system with new MX or Trident Il mssiles, the Mnuteman III
option would still suffer from significant disadvantages. The
costs shown later in this chapter for the Mnutenan IIl option
assune that the mssiles would be based in the northern section of
the United States, in areas near existing missile bases. In
contrast, new MK or Trident |l mssiles would be based in the

Sout hwest, probably in Nevada or Arizona. Nort hern basi ng woul d
entail potential problens not found in the same degree in the
Sout hwest . The land in the North would be privately owned agri -
cultural land, nore heavily popul ated than areas in the Southwest
that are under consideration. Attenpts to acquire such land for a
new nmissile basing system would likely encounter nore serious
public opposition. In addition, the weather in the North woul d
hi nder both construction and operations. Mreover, weight limts
for the existing road systemwould prohibit the future depl oynment
of a larger mssile in an MPS basing conplex |ocated in the
Nort h.

If Mnuteman IIl mssiles were deployed in an MPS basing
systemin the Southwest, the nissiles would lack sufficient range.
To provide extra range, a new second stage would have to be
devel oped and procured. Cbviously, if Mnuterman Il mssiles were
deployed in the Southwest, existing base facilities and roads in
the North could not be used. Overall, Southwest basing of M nute-
nman |1l mssiles would increase costs by about $3.5 billion if 550
m ssiles were deployed in a system of about 10,000 shelters.

Use of existing Mnutenan IIl mssiles would also deny the
United States an opportunity to incorporate mssile technol ogy
i nprovenents into a new mssile. These i nprovenents include
increased protection for the mssiles against nuclear effects
encountered in flight and an inproved capability to retarget the
mssiles deployed in an MPS basing systemafter surviving a Sovi et
attack. The opportunity to inprove the accuracy of U.S. ICBMs, a
controversial issue, would also be relinquished if Mnuteman 111
mssiles were deployed in an MPS basing system

Finally, the age of the Mnuteman IIl mssiles, the ol dest of
which will be approaching 15 years of age by the md-1980s, nay be
a matter of concern. The expense of extending the service life of
550 Mnutenman 11l missiles into the 1990s has not been included in
the costs shown in this chapter. It should be noted, however,
that nuch of this potential cost would have to be borne even if
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new MX or Trident Il mssiles were deployed in an MPS basing
system Indeed, in both these cases, the number of shelters
constructed for an MPS basing conpl ex assunes that the bulk of the
silo-housed mssile force would be retained indefinitely and that
these silos would absorb a large nunber of Soviet warheads that
could otherw se be targeted on an MPS basing conpl ex.

Depl oyment of 550 Mnuteman [Il mssiles in an MPS basing
system would also make it nore difficult for the Wiited Sates
to fit its strategic prograns within future SALT limts on the
nunber of mltiple-warhead ICBMs, nmultiple-warhead submarine-
| aunched ballistic mssiles, and aircraft armed wth |ong-range
cruise mssiles. For exanple, with 550 nultiple-warhead |CBV and
173 B52 bonbers armed with long-range cruise mssiles, 22/ the
Lhited States could deploy only 597 Trident subnarine-launched
ballistic mssiles and new cruise mssile carrier aircraft and
still remain within the 1,320 Iimt inposed by the proposed SALT
Il agreement. 23/ |If allowable limts were lowered in a future
SALT agreenent, constraints on US prograns woul d becone tighter.

The costs to deploy 550 nodified Mnuteman 111 mssiles in an

MPS basing conplex are shown in Table 10. An illustrative funding
schedule for a Mnutenan Il mssile programis shown in Table 1L

COVPARI SON CF M SSI LE AND BASI NG COSTS OF THE THREE CPTI ONS

This section conpares the total costs to develop, deploy,
and operate an MPS basing system deploying three alternative
mssiles. The ranking of the mssile options in order of relative

22/ Fiscal Year 1980 Arms Control Inpact Statenents, Senate
Commttee on Foreign Relations and House Commttee on Foreign
Affairs, Joint Conmittee Print, 961 (Mwrch 1979, p. 3L

23/ The MK and common missile options also contain 550 multiple-
warhead |CBW because they assune that the United States
would retire only one silo-housed Mnuteman 11l mssile
for each mssile deployed in an MPS basing system  The
silo-housed Mnuteman Il mssiles assumed to be kept in the
force could, however, be retired without significantly
reducing the capabilities of an MPS basing systemwth MK or
common mssiles depl oyed.
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TABLE 10. GOCSTS CF 550 MXD FI ED MINUTEMAN Il MSSILES IN A MLTIPLE PROTECTI VE
STRUCTURE BASI NG SYSTEM IN BILLIONS CF FI SCAL YEAR 1980 DOLLARS

Desi red

Nunber of

Surviving  Total Devel oprent | nvest ment

\War heads System Total Mssile Basing Total Mssile Basing (perating

500 a/ 19.6 2.6 0.6 2.0 145 09 136 2.5
1,000 b/ 0.9 2.6 0.6 2.0 28 09 2209 4.5
1,500 ¢/  109.0 2.6 06 2.0 8.9 09 8.0 18.5

NOTE: The costs are based on the "no-response" Soviet ICBM threat described
in Chapter Il. Cost estimates were derived fromthe MX Cost Effectiveness
Model devel oped by the Space and M ssile Systens Organi zation of the
Air Force. Appendix A provides a brief description of this nodel. The
costs do not include warhead costs, which are classified, although 300 of
the 550 Mnutenman IlIl mssiles will be armed with MK-12A warheads in a
separate program Costs assume that the lack of a m ssile production line
and future SALT missile ceilings would Iimt to 550 the nunber of M nutenan

Il mssiles that could be deployed. Costs also assune that nissiles
would be based in the North, using facilities at existing bases (including
base facilities, upgraded roads, and nodified silos). If Mnuteman 111

mssiles were based in the Southwest, additional expenditures would be
required, including $1.15 billion for new second stages for the mssiles to
extend their range, about $1.2 billion for new base facilities, and an
addi ti onal $110,000 per shelter for new roads.

a/ 550 nodified Mnuteman 111 nissiles and 5,900 vertical shelters.
b/ 550 nodified Mnuteman Il missiles and 10,300 vertical shelters.
¢/ 550 nodified Mnuteman 111 nissiles and 41,800 vertical shelters.

cost would vary with the number of surviving warheads the United
States would design its basing system to provide. Table 12 shows
the costs of the three missile options for four numbers of surviv-
ing warheads, ranging in increments of 500 warheads from 500 to
2,000 warheads. In general, the table shows that the use of
existing Minuteman III missiles could be the least expensive
option only if the United States wanted a relatively small number
of surviving warheads. The MX missile would represent the cheap-
est alternative for high numbers of surviving warheads. In the
middle of the range, the common missile option could be about $3
billion to $4 billion cheaper than the MX missile option if it is
assumed that a separate Trident Il missile development program
would have been funded by the Navy.
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TABLE 11. | LLUSTRATI VE FUNDI NG PRCFILE FOR MO FI ED MINUTEMAN |1l MSSILES IN A MLTI PLE PROTECTI VE
STRUCTURE BASI NG SYSTEM BY F SCAL YEARS, |IN MLLIONS CF FI SCAL YEAR 1980 DALARS

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 Total
Development
Missile - — 100 200 100 100 100 - _ - 600
Basing 200 600 600 350 200 50 - - - - - 2,000
Total 200 600 700 550 300 150 100 - - - - 2,600
Investment
Missile - - - 50 50 100 200 200 150 150 — 900
Basing — — - 2,200 5,200 5,300 4,900 3,300 1850 10 — 22,900
Tot al - - — 2,250 5,250 5400 5100 3,500 2000 300 - 23,800
Operations and
M ai ntenance — - — — — — 150 150 350 350 350 a/ 4,500
TOTAL 200 600 700 2,800 5,550 5550 5350 3650 2,350 650 350 a/ 30,900

NOTE: The costs assume an MPS basing system that could provide 1,000 surviving warheads. The costs are
based on the "no-response’ Soviet ICBM threat described in Chapter |II. Cost estimates were
derived from the MX Cost Effectiveness Model developed by the Space and Missile Systems Organi-
zation of the Air Force. Costs assume basing in the North.

a/ Annua system operating costs of $350 million would continue for nine additional years not shown on
the table.



All the costs shown in Table 12 assume vertical shelter
basing. Relative missile costs could be somewhat different if
missiles were based on special trains in a network of trenches.

The United States might want an MPS basing system that could
provide 500 surviving warheads if an ability to destroy a large
number of Soviet cities were deemed a sufficient retaliatory
mission for the 1CBM force. An MPS basing system that could
provide 1,000 surviving warheads would alow the more complete

TABLE 12 COMPARISON OF COSTS OF MISSILE OPTIONS IN AN MPS BASING
SYSTEM: IN BILLIONS OF FISCAL YEAR 1980 DOLLARS

Mbdi fi ed
Desired Nunber of |7 Comon Minuteman III
Surviving Vérheads Mssiles Mssiles a/ Mssiles b/
500 30.9 26.7 19.6
1,000 4.7 3L0 0.9
1,500 318 5.0 100.0
2, 000 40.7 41.5 | nf easi bl e

NOTE: The costs are based on the "no-response” Soviet ICBM
threat described in Chapter Il. They also assume vertical
shelter basing. Cost estimates were derived from the MX
Cost Effectiveness Model developed by the Space and Missile
Systems Organization of the Air Force. The costs do not
include warhead costs, which are classified.

a/ Costs of the common missile have been reduced by the amount
that the Navy would have spent in developing a new missile for
the Trident submarine, but they reflect the added costs
expected in a common missile development program.

b/ The costs for the Minuteman IlIl option assume that only 550

missiles would be deployed and that these missiles would be
based in the North. Southwest basing would increase costs.
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destruction of Soviet industrial targets; alternatively, the
1,000 warheads could be used to destroy a substantial nunber of
Soviet mlitary facilities. A force with 1,500 to 2,000 surviving
warheads would allow targeting of the US 1IcBM force on a sub-
stantial portion both of Soviet industrial targets and of Sovi et
mlitary facilities.

Depl oyment of nodified Minuteman |Il missiles in an MPS
basing system would be the |east expensive option if the United
States wanted an MPS basing conplex that coul d provide 500 surviv-
ing warheads. In this case, only about 30 percent of the 1,650
warheads on the 550 Mnuteman Il mssiles would have to be able
to survive a Soviet attack, thus requiring the construction
of only a relatively small nunber of shelters. The small nissile
devel opment and procurement costs for the Mnuteman Il mssile
option would make this alternative the cheapest of the three for
the 500 surviving warheads case.

Costs for the Mnuteman Il option would increase by nore
than $11 billion if the United States wanted 1,000 surviving
warheads. In this case, nore than 60 percent of the Mnutenan 11|
mssiles would have to be able to survive a Soviet attack, requir-
ing construction of a large nunber of shelters. The increased
shelter costs would nake the Mnuteman I1l option about as expen-
sive as the MK and conmmon nissile options for the 1,000 surviving
warheads case. It would be prohibitively expensive or infeasible
to provide 1,500 or 2000 surviving Mnuteman warheads, since
there are only 1,650 warheads in the entire Mnuteman III force.

Table 12 shows that the common nissile option would be |ess
expensive than the MK nmissile option if the United States wanted
between 500 and 1,500 surviving warheads. This conclusion assunes
that--in the absence of a common mssile program--the Navy woul d,
at sone point in the future, fund a separate programto devel op a
newmssile for the Trident submarine. 24/

24/ Athough the expense of developing the Trident Il mssile
(estimated to cost $5.2 billion), could be elimnated by a
common mssile program the Navy would still have to fund
devel opment of the unique conponents associated with sub-
marine basing. Snlarly, the Air Force would still have to
provide about $2 billion for the devel opnent of conponents
for an MPS basing conpl ex.
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The costs for the conmon mssile option are based on a
devel opment program that includes an added reserve fund of 20
percent to account for extra expenses caused by the conplexity of
providing conpatibility with two basing systens. If extra costs
proved to be higher than 20 percent, the common mssile option
woul d begin to lose its cost advantage over the MX mssile.

[f the United States wanted an MPS basing system that could
provide 2,000 or more surviving warheads, the MX nmissile option
woul d be less expensive than the common mssile option. Thus, if
the Uhited States wanted an ICBM force that could provide a large
anount of retaliatory capability, the MK nmissile would represent
the preferred option on the basis of cost. |In this case, cost
considerations would parallel other considerations, sSince the
inproved capabilities of the MK mssile would be well suited for
the destruction of mlitary targets, a retaliatory mssion likely
to be associated with a requirenment for 2,000 surviving warheads.

‘Al the costs in Table 12 assune that the Soviets would be
limted to the "no-response” |(BM force described in Chapter II.
As was shown in Chapter IIl, costs of an MPS basing system coul d
increase if, in the absence of future SALT limts, the Soviets
increased the nunber of warheads in their 1CBM force. The rela-
tive rankings of the mssile options, however, would remain
simlar under nost types of Soviet buildup, assumng that the
Minuteman Il production Iine was reopened and additional mssiles
depl oyed.

96



CHAPTER V. ASSESSING THE NEED FCR A MORE SURVIVABLE LAND BASED
M SS LE SYSTEM :

By deploying an MPS basing system for ICBMs, the United
States could maintain a Triad of strategic forces simlar to that
which exists today. The general alternative to this course would
be to place increased reliance on strategic subnarines and air-
craft. This chapter examnes the advantages and di sadvantages of
the forner option: devel opnent and depl oynent of an MPS basing
system in response to the growing vulnerability of existing
Silo-housed Minuteman and Titan |CB\.

MDERN ZING US  STRATEJ C FORCES

Al'though this paper has focused on MPS basing, the |and-based
1cBM force cannot be considered in isolation fromother strategic
forces. Neither can prograns to nodernize the submarine and
aircraft conponents be considered independently from decisions
about the future of the l|and-based |1CBM force. Indeed, the
Congress faces decisions about prograns to nodernize all three
parts of the strategic nuclear Triad.

Subrmarine Prograns. The Trident submarine programwas begun
in the“earTy 1970s 1n response to the eventual aging of the fleet
of Polaris and Poseidon mssile-carrying submarines. Seven
Trident submarines have already been authorized by the Congress
through fiscal year 1979. The new, long-range Trident | mssile
now i n production will be deployed in the first Trident submarines
constructed and on at l|east 12 Poseidon subnarines currently in
the fleet. Maj or subnarine force nodernization issues remain,
however . First, the total nunmber of Trident subnarines to be
produced has not been determned. Second, there is the question
of whether or not the Wnited States should devel op and produce a
| arger and potentially nmore accurate Trident Il mssile for
depl oyment aboard Trident submarines. How these issues are
resolved wll depend upon decisions nmade concerning inprovenents
to the IBMforce. For exanple, one alternative to the depl oyment
of a new, nore survivable 1CBM system is the procurenent of a
fleet of Trident subnarines larger than the force that would have
been depl oyed along with a new | BM system
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Strategic Aircraft. Continually inproving Soviet air defense
systenms threaten the future ability of US B~52 bonbers to
penetrate Soviet defenses and deliver their weapons to assigned
targets. A program to arm 173 B-52 bonbers wth |ong-range
air-launched cruise mssiles has been undertaken in order to
counter projected inprovements in Soviet defenses. Yet, other
strategic aircraft nodernization issues remain. For exanple, the
Departnent of Defense is studying the possibility of procuring a
variant of an existing transport jet for use as a cruise nmssile
carrier aircraft. Such an option would allow l[arge nunbers of
cruise mssiles to be added to the US force. A so under study
is the possibility of deploying a force of airnobile ICBMs aboard
new transport aircraft. In addition, it is possible that the
capabilities of the aging B-52 bonber force may have to be
replaced in the late 1980s or 1990s. Again, whether any new
strategic aircraft option is pursued may depend upon decisions
made about the deploynent of ICBMs in an MPS basing system

The Mx of Strategic Nucl ear Forces. In considering all of
the various prograns outlined above, the Congress wll be deciding
how best to nodernize the entire US strategic nuclear arsenal.
Thus, the key question is not whether to add a new |and-based
system to strategic submarine and aircraft forces whose future
capabilities are fixed in size. Rather, the question is: Wat
conprises the nost desirable mx of new forces as the entire US
strategic arsenal is nodernized during the 1980s? (ne path woul d
be to maintain a Triad of strategic forces simlar to the existing
arsenal . By deploying an MPS basing system the Whited Sates
coul d preserve many of the characteristics of existing silo-housed
IBM and nmaintain a strategic arsenal with retaliatory capabili-
ties divided in a balanced way anong three different basing
syst ens.

Aternatively, the United States could place primary reli-
ance on the retaliatory capabilities of weapons based in subnar-

ines and aircraft. It could increase the capabilities of the
submarine force by accelerating the rate of Trident subnarine
construction and by developing rapidly the Trident Il mssile.

The capabilities of the strategic aircraft force could be expanded
by several means, including the procurenent of new cruise mssile
carrier aircraft and additional cruise mssiles or the devel op-
ment and depl oyment of an airnobile ICBM force. The survivability
of the strategic aircraft force could also be inproved by con-
structing additional air bases in the lhited Sates, a program
that would conplicate a Soviet preenptive attack on the US
aircraft force.
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Sone may judge that existing U.S. strategic forces are nore
than adequate to deter a Soviet attack and that it is unnecessary
to replace all the capabilities enbodied in the existing Triad.
Such a judgrment would not be inconsistent wth a nodernization
program that included the deployment of an MPS basing system for
ICBMs. |f reduced capabilities were deemed sufficient, the
United States could deploy an MPS basing systemw th a |ess
powerful retaliatory capability than the existing silo-housed ICBM
force, along with a Trident fleet and a strategic aircraft force
wth capabilities reduced in a conparable degree from the capabil-
ities of the existing submarine and aircraft forces.

The |ssue of Cost

This study does not provide a conprehensive analysis of
all the options available to the United States for nodernizing
Its strategic forces. Mny issues would have to be considered
in such an analysis. One issue is cost. In particular, the
costs of nmodernizing U.S. strategic forces wth deploynent
of an MPS basing system should be conpared with the costs of
moderni zing those forces with procurement of a |arge nunber
of Trident subnarines, Trident Il mssiles, and a force of new
strategic aircraft. Wile cBO has not undertaken an analysis
of the costs of different force mxes, studies conducted wthin
the Departnent of Defense apparently indicate that, under the
constraints of a SALT |l agreement, strategic Triads including
ICBM force nodernization are "no more costly" than Dyads of
submarines and strategic aircraft of "conparable |evels of
capability." 1/ It is not clear, however, whether these cost
conparisons account for possible Soviet responses. These re-
sponses mght affect land-based and aircraft-based Systens nore
than subnarine-based systens, assumng that subnarines at sea
remain undetectable and, thus, untargetable.

QG her |ssues

In addition to cost, other issues inportant to a consider—
ation of strategic force nodernization alternatives include:

l/ U.S. Department of Defense, Annual Report, Fiscal Year 1980,
p. 119.
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o The value of diversity in basing;

0 The desired retaliatory capabilities to be provided by
US strategic forces;

0 The effect of US strategic progranms on international
per ceptions; and

0 Specific questions raised about MPS basing, including
the sensitivity of the costs and survivability of MPS
basing to Soviet reponses and US wuncertainties about the
size of the Soviet nmissile force, public acceptance of
the depl oynent of an MPS basing system and arns control
i npl i cations.

THE VALUE CF O VERSI TY | N BASI NG

The primary nmission of US strategic nuclear forces is to
deter a Soviet attack by providing sufficient capability to carry
out a devastating retaliatory strike against the Soviet Uhion. To
make its retaliatory threat an effective deterrent, the United
States designs its strategic forces to be able to survive an
unexpected Soviet first-strike attack; that is, even if the
Soviets used a large nunber of their weapons to attack US
forces, a significant portion would survive the attack and be
available for a US retaliatory strike.

In designing strategic forces to be survivable, conservative
pl anning assunptions have traditionally been enployed and a high
degree of insurance against the unexpected maintained. The Triad
provides this insurance because a secure retaliatory capability
would remain even if Soviet forces suddenly posed a threat to the
survivability of one type of US strategic system or if part of
the US force suffered unexpected reliability or aging problens.

A three-part arsenal conplicates Soviet efforts to devel op
an effective disarmng first-strike capability against US
strategic deterrent forces. Wth a diverse arsenal conposed of
three different parts, no single threat could conprom se the
entire US deterrent. For exanple, the survivability of |and-
based mssiles would not be conpromsed by Soviet devel opnent
of an open-ocean surveillance capability, a devel opnent that
could threaten US submarines. Smlarly, the survivability of
| and- based ICBMs would not be conprom sed by failure of the
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warning systens designed to ensure that U.S. strategic aircraft
can take off and fly away from their bases in time to escape a
mssile attack launched from Soviet submarines. In general,
ICBMs based in a survivable system wunlike aircraft, have the
desirable attribute that they can absorb a Soviet surprise attack;
that is, their ability to survive an attack does not depend upon
strategic warning (for exanple, a buildup of international ten-
sions) or tactical warning (a warning from sensor systens that a
Soviet mssile attack has been launched). Moreover, the effec-
tiveness of 1ICBMs, |like that of subnarine-launched ballistic
mssiles, would not suffer from Soviet devel opment of inproved air
defenses against |owflying bonbers and cruise mssiles. '

A Triad of strategic forces is also said to enhance the
U S deterrent by preventing the Soviet Union from concentrating
its mlitary resources on the devel opnent of systens to counter
only one or tw types of U.S. weapons. For exanple, Soviet
allocation of nmore resources to the devel opment and depl oynent of
advanced air defense systens mght, in the absence of U S coun-
termeasures, reduce the retaliatory capability provided by U.S.
cruise mssiles. 2/ Smlarly, by devoting nore resources to
antisubmarine warfare research, the Soviets mght increase their
chance of developing a system for locating U.S. submarines. An
inportant question in this context is whether the Soviet system
for allocating resources to various branches of the mlitary woul d
allow such reallocations.

In addition to providing insurance against unexpected Sovi et
threats, a Triad of three survivable parts provides insurance
against the possibility that some U S weapons mght experience
unexpected reliability or aging problens. If the Uhited States
were heavily dependent on one or two weapons systens, unexpected
problens of this nature mght jeopardize the security of the U.S.
retaliatory capability.

A strategic force posture conposed of three survivable parts
gives the United States time to respond to a probl em experienced
by any one of the parts. Indeed, the United States has had tine
to consider an appropriate response to the projected vulnerability

2/ Transcript of news briefing by DOr. WIlliam J. Perry, Under
Secretary of Defense for Research and Engineering (Novenber
14, 1978; processed).
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of the Minuteman ICBM force precisely because of the diversity
provided by the existing Triad. If a new nore survivable |1CBM
systemis not deployed in response to the grow ng Soviet capabil-
ity to destroy silo-housed mssiles, the appearance in the future
of a threat to the subnarine fleet or the strategic aircraft force
woul d pose a much nore serious probl em

Diversity in basing is also a desirable attribute to seek in
the US strategic force posture because prograns designed to en-
sure the survivability of one part of the US arsenal nay enhance
the survivability of the other parts. e of the nost inportant
such "synergistic” relationships may be that between the surviv-
ability of the strategic aircraft force and an MPS basing system
for ICBMs. In the absence of an MPS basing system the Soviets
could conceivably destroy the bulk of the silo-housed M nutenan
and Titan mssile force with only a fraction of their ow large
ICBM force. The remaining Soviet warheads might then be used to
attack large areas around U.S. air bases, perhaps destroying in
the air a significant portion of US strategic aircraft in the
area surrounding the bases. Countering such a possibility m ght
require the United States to construct additional air bases and to
procure strategic aircraft capable of nore rapid take-off in order
to escape a Soviet attack. Deploynent of a US MPS basing system
woul d require the Soviets to use nost or all of their |CBVweapons
in order to destroy a large nunber of U.S.shelters and mssiles.
Thus, the existence of an MPS basing system mght contribute to
the survivability of US nuclear weapons based in aircraft.

SPECI AL RETALI ATCRY CAPABI LI TI ES PROVI DED BY LAND~BASED | CBVB

Survivable land-based 1CBW enjoy several attributes that
are not all found in mssile-carrying submarines or strategic
aircraft. The nmost inportant attributes include:

0 A potential to deliver large numbers of powerful nuclear
~warheads with high accuracy;

0 Short mssile flight tineg;
0o FReliable, continuous, high-speed two-way communications;
0 Rapid retargeting capabilities;

O Hexibility to launch a snall nunber of mssiles; and
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o The ability to wthhold weapons from use over an extended
period of nuclear conflict.

Several of these attributes would be particularly worth
having if the Wnited States wished to maintain retaliatory capa-
bilities that would be useful in a nuclear conflict not confined
to the massive destruction of Soviet cities in an all-out and
I mredi ate spasmresponse. Specifically, these would contribute to
US capabilities to retaliate against mlitary targets of all
kinds--especially hard targets such as ICBM silos--and t0 execute
ot her nuclear response options designed to avoid the destruction
of Soviet cities. They would also contribute to a US capability
to wage nuclear war over a period of days or weeks, rather than
just hours.

Capabilities to Attack Mlitary Facilities and Qther Targets
[solated TromAties

The United States mght wish to maintain a force that: could
absorb a large-scale first-strike attack and then retaliate
against Soviet conventional mlitary facilities or other targets
isolated from Soviet cities in order to maintain a Soviet incen-
tive to avoid direct attacks on US cities should deterrence
fail and nuclear war begin. Indeed, such a capability mght be
considered a nore credible retaliatory threat than the threat to
destroy Soviet cities, since the United States woul d be rel uctant
to destroy Soviet cities as long as US cities remained intact to
serve as Soviet hostages. In addition to enhancing the credibil-
ity of US strategic deterrent forces, a capability to destroy
Soviet conventional mlitary targets mght also be an effective
deterrent to a Soviet |eadership contenplating war with the United
States, because the destruction of Soviet mlitary targets m ght
deny the Soviets their ability to achieve whatever war objectives
they mght have established.

Subrmarine-launched ballistic mssiles and cruise mssiles
launched from aircraft could, of course, also be used to attack
Soviet conventional mlitary facilities and other targets isolated
fromSoviet cities. Yet, neither mssiles depl oyed aboard submnar-
ines nor weapons based in strategic aircraft share all the attri-
butes of |and-based 1CBMs. The |atter have better communications
than the other tw forces. Subnarine-launched ballistic mssiles
have short flight tines, but it mght be difficult to l[aunch
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a small nunber of mssiles from a subnarine wthout revealing the
location of the ship. Quise mssiles take several hours to reach
their targets, and their ability to penetrate Soviet air defenses
in snmall nunbers may, in the future, be uncertain.

Many of the attributes of |and-based ICBMs woul d be espe-
cially useful if the United States wshed to acquire an inproved
capability to destroy Soviet hard targets, including Soviet ICBM
silos, nuclear weapon storage bunkers and other weapons depots,
and underground command centers. Particularly inportant in this
role would be the potential of |and-based mssiles to deliver
|l arge nunbers of powerful nuclear warheads wth high accuracy and
the reliable, continuous, high-speed two-way conmunications
enjoyed with land-based mssile systens. If the lhited States
wanted a capability to respond pronptly, the short flight tine of
an |BMwoul d also be an inportant attribute.

The Hard-Target Controversy. \Wether or not the United
States should acquire an inproved capability to destroy Soviet
hard targets has been a controversial issue. The Unhited States
mght want such a capability in order to expand its available
retaliatory options. Sone believe that a capability to destroy
Soviet silo-housed ICBM woul d provide a nmore credible and effec-
tive deterrent than the threat to attack Soviet cities or Soviet
conventional military facilities. It mght be nore credible
because the United States, knowi ng that the Soviets could destroy
US cities and US nilitary targets, mght be reluctant to
strike Soviet cities or Soviet conventional mlitary targets. It
m ght be a nore effective deterrent because a capability to
destroy any Soviet nissiles remaining after an attack on US
forces could ensure that the Soviet Union would be relatively |ess
powerful in terns of surviving strategic forces at the end of an
exchange. Seeing such a disadvantage in initiating a nuclear
exchange, the Soviets mght be nore effectively deterred than if
their 1CBW were not vulnerable to a US counterattack.

A US capability to destroy Soviet silo-housed 1CBW m ght
also force the Soviets to consider reducing their reliance on
fixed-base mssiles and to adopt instead a nobile 1CBM basing
systemof their ow. If conpelled to followthe United States on
this expensive course, the Soviets mght be forced to allocate
fewer resources to weapons prograns threatening to US |and-based
mssiles and other US strategic forces. |In addition, they m ght
be more willing to reach the kinds of nutually beneficial strate-
gic arns limtation agreements that would contribute to the
survivability of future |and-based |CBM systens.
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Many argunents have al so been advanced against US acquisi-
tion of an inproved capability to destroy Soviet silo-housed
ICBMs. For exanple, such a capability would be of little use
if the Soviets launched all of their IBM in an initial attack
against the United States; in that case, there would be nothing
but enpty silos remaining to be destroyed. 3/ An actual US
counterattack against any Soviet ICBMs that did remain after a
Soviet first strike mght even be a counterproductive tactic,
because such an attack could cause the Soviets to launch their
remaining mssiles before they could be destroyed. In addition,
the United States might have little use for a capability to
counterattack against Soviet I1CBVM 1if deploynent of an MPS
basi ng systemelimnated the Soviet capability to destroy the bul k
of US land-based 1CBM with only a fraction of their own ms-
siles. And such a capability might be unnecessary if a judgnent
were made that the ability to destroy nost of the Soviet indus-
trial targets and conventional mlitary facilities would be
sufficient to deter Soviet attack.

US acquisition of a capability to destroy Soviet silo-
housed I BMs has also been criticized on the grounds that such a
US capability could increase the chance that a Soviet |eadership
believing war to be likely would feel conpelled to strike the
first bl ow If the Soviet |and-based ICBM force were vul nerable,
the Soviets would know that a possible US first-strike attack
would leave them at a severe disadvantage, especially since the
bulk of Soviet intercontinental nuclear strike capabilities are
deployed in the |and-based mssile force. Soviet incentives to
strike first in a crisis would be particularly strong if the US
m ssil es capabl e of destroying Soviet |1CBMs were deployed in
vul nerabl e fixed-base silos. In this case, the Soviets could
elimnate the threat to their ow mssiles by striking first.
US mnmssiles with a capability to destroy Soviet 1CBM silos that
were deployed in a basing systemless vulnerable to a Soviet
attack would provide less tenpting targets.

Acquiring a capability to destroy Soviet 1CBM silos would
also be an expensive task. If the United States could not

3/ Preventing the Soviets from reloading their 1M silos would
probably not require mssiles with high accuracy and powerful
war heads, since reloading equipnment and operations would be
vul nerable to less accurate and |ess powerful warheads.
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determne which Soviet silos had launched their missiles in a
first-strike attack, all the Soviet mssile silos would have to be
targeted in a US retaliatory strike. Sone 2,000 to 3,000
war heads depl oyed on highly accurate nissiles would be necessary
to provide a capability to target two warheads on each Soviet
mssile silo. If this capability were to be added to other US
retaliatory capabilities, the cost would be very high. Moreover,
a capability to destroy Soviet |and-based ICBMs ni ght becone
increasingly expensive if the Soviets responded by deploying a
new, nore survivable nobile basing systemof their ow. There is
also the risk that Soviet deployrment of a less vulnerable mobile
mssile system mght conplicate US efforts to verify Soviet
conpliance with future SALT limts because it would probably be
harder to count the nunber of Soviet nobile ICBM |aunchers de-
ployed than it has been to count silo-housed nmssiles.

The value attached to acquiring a capability to destroy
Soviet ICBM silos would be an inportant factor to consider
in deciding whether or not to deploy a new, nore survivable
| and-based nissile system It would not, however, necessarily be
a decisive factor. If a capability to destroy Soviet silo-housed
mssiles is highly desired, deploynment of a new, nore survivable
| and-based |1BM system would be an attractive option. Still,
other options, possibly less effective, mght be avail able,
including the developnent of a new Trident Il nissile for the
Trident: submarines or the deploynment of a |arge force of accurate
air-launched cruise nissiles. 4/ Likewse, if the United States
wi shed to avoid the acquisition of an inproved capability to
destroy Soviet ICBM silos, construction of an MPS basing system
mght still be considered an attractive option, because mssiles
wi thout sufficient accuracy to threaten Soviet hard targets could
be depl oyed in the system

Trident Il mssiles could significantly i nprove the capabil -
ity of the subnarine-launched ballistic mssile force to attack
Soviet hard targets. Thus, they mght be considered an alter-
native to deploynent of |and-based MX m ssiles. It would be
difficult, however, to develop a subnarine-launched mssile as
accurate as a new | and-based |1 CBM such as the MK mssile, because

4/ For an examnation of these options, see Congressional Budget
Ofice, PHPanning US Strategic Nuclear Forces for the 1980s,
Budget |ssue Paper (June 1978).
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the initial information about position and velocity provided by a
moving submarine is less precise. It would also be difficult to
develop a system for communicating with submarines comparable to
the communications systems for land-based missiles.

Air-launched cruise missiles are highly accurate and would
have a high probability of destroying Soviet hard targets. If
deployed in large numbers, they might provide a capability to
attack Soviet ICBM dgilos. Because cruise missiles would take
several hours to reach targets in the Soviet Union, they could be
used for a second-strike counterattack against Soviet missile
silos without posing the threat of a surprise first-strike capa
bility. There are, however, two potential disadvantages in
assigning cruise missiles the task of destroying Soviet hard
targets. First, it might be possible for the Soviets to develop
air defense systems capable of intercepting cruise missiles
attacking important hard targets. 5/ Second, the United States
might want a capability to destroy Soviet ICBM silos within
minutes of a Soviet first strike, rather than within hours, or to
strike first against Soviet missiles. 6/

1t should also be noted that a decision to forego acquisition
of an improved U.S. capability to destroy Soviet ICBM silos would
not be inconsistent with the deployment of an MPS basing system.
Rather, a decision made about whether or not the United States
wanted a capability to destroy Soviet missile silos would affect
the choice of the missile deployed in an MPS basing system. If the
United States wished to avoid the acquisition of a capability to
destroy Soviet silo-housed ICBMs, existing Minuteman IlIl missiles
or a new missile without improved accuracy could be deployed.

5/ Existing Soviet air defense systems are not regarded as a
serious threat to U.S. cruise missiles. Improved future
systems, however, might provide a cause for concern. Improved
surface-to-air missiles might be especially effective in
defending small "point" targets such as Soviet ICBM silos.
See transcript of news briefing by Dr. William J. Perry,
Under Secretary of Defense for Research and Engineering
(November 14, 1978; processed) .

6/ For a discussion of the possible advantages of a U.S. first-
strike capability, see Carl H. Builder, "Why Not First-Strike
Counterforce Capabilities?' Strategic Review (Spring 1979).
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Survivability in an Extended Nuclear Conflict

A survivable land-based ICBM system would also provide an
ability to withhold weapons from use over an extended period of
nuclear conflict. After absorbing a Soviet first-strike attack,
survivable land-based missiles could remain safely in their
shelters until their emergency batteries no longer supplied
sufficient electricity or until a critical piece of equipment
mal functioned. In an MPS basing system, missiles might have a
power source sufficient for a two-week period of extended sur-
vival. 27 During this period, the survivability of those missiles
_that were not destroyed by an initial Soviet attack would not be
dependent upon the continued availability of sensor systems
designed to detect the launching of Soviet missiles.

An ability to hold weapons in reserve for an extended period
of time is considered by many to be one of the most desirable
characteristics of survivable land-based ICBMs, as well as of
strategic submarines. In the event of a Soviet attack, American
leaders would have days, or even weeks, to consider an appropriate
response. A retaliatory strike would not have to be launched
on the basis of incomplete information. There would be an
opportunity for negotiations. In addition, a U.S. ability to wage
nuclear war over an extended period of time might prevent the
Soviets from believing that they could prevail in such a conflict.

Like survivable land-based ICBMs, missile-carrying submarines
provide the United States with a capability to withhold weapons
from use over an extended period of nuclear conflict. In fact,
a nuclear-powered submarine can remain at sea for months as long
as food is available for its crew. Weapons based in aircraft,
on the other hand, may not share this capability. Strategic
aircraft, once airborne, may face a situation in which their
ability to survive over an extended period would depend on the
continued availability of air bases and the continued surviv-
ability of the satellite and ground-based sensor systems designed
to detect the launching of Soviet missiles. Without the continued

7/ Fiscal Year 1977 Authorization for Military Procurement,

~ Research and Development, and Active Duty, Selected Re-
serve and Civilian Personnel Strengths, Hearings before
the Senate Committee on Armed Services, 94:2 (March 1976),
Part 11, p. 6365.
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availability of air bases and warning systems, American leaders
would, within a matter of hours, have to decide whether to order
an attack or lose the aircraft. 8/

LAND-BASED ICBMS AND INTERNATIONAL PERCEPTIONS

Some observers worry about the political consequences
of the projected Soviet capability to attack the vu.s. silo-
housed ICBM force. They postulate that other countries see
ICBMs as a primary symbol of strategic nuclear power. 3/ The
large size and growing capability of the Soviet ICBM force may
affect the perception of the strategic balance shared by U. S
allies and by the Soviet Union itself. Moreover, they argue,
Soviet development of a capability to destroy U.S. silo-housed
Minuteman and Titan missiles represents an international chal-
lenge that must be met in order to demonstrate American resolve.
If the United States appears to be abandoning land-based ICBMs
under Soviet pressure, other countries may see this as a sign
that the United States is unwilling to compete with the Soviet
Union.

For all these reasons, some observers believe that inter-
national stability and U.S. security require that a condition
of perceived equality between the strategic power of the United
States and the Soviet Union be maintained. In particular,
some judge that the maintenance of such a condition, often
referred to as "essential equivalence,” requires that the United
States develop and deploy a survivable land-based ICBM system.

8/ The crucia issue with regard to the long-term endurance and

~  survivability of all U.S. strategic forces relates to the
survivability of communications systems and command and
control centers. Submarines and land-based missile systems
share this potential problem because of their dependence on
airborne launch control centers for communications after a
Soviet attack. Thus, possible limitations on the enduring
survivability and viability of communications systems could
limit the effectiveness of all U.S. strategic forces in
an extended nuclear conflict.

9/ U.s. Department of Defense, Annua Report, Fiscal Year 1980,
p. 118
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An alternative view is that there is no intrinsic reason why
land-based ICBMs should always be seen as the primary symbol of
strategic power. In this view, whether or not land-based ICBMs
remain a special political symbol may depend largely upon the
statements of American officials and on the other strategic
programs undertaken by the United States. For example, an Ameri-
can declaratory policy that emphasized the advantages enjoyed by
the United States in ballistic missile submarine and strategic
cruise missile technology might have as positive an effect
on international perceptions of the strategic balance as the
deployment of a new land-based ICBM system.

QUESTIONS RAISED ABOUT MPS BASING FOR ICBMS

The previous sections of this chapter have outlined some of
the characteristics that U.S. strategic forces might possess if
the United States included an MPS basing system in its strategic
force modernization programs. Weighed against these consider-
ations are several specific questions as to the effectiveness and
desirability of MPS basing for ICBMs. These include questions
about whether an MPS basing system would actually provide surviv-
ability for ICBMs over the long run, doubts about the willingness
of the public to support the construction of a new basing system
for ICBMs that would include several thousand underground shelters
and a large network of roads or underground trenches, and several
guestions about the arms control implications of deploying a
multiple-shelter system for mobile land-based missiles.

Would an MPS Basing System Be Survivable?

As discussed in Chapters Il and Ill, the survivability of
an MPS basing system would require the United States to build
more shelters than the Soviets could destroy and to prevent
the Soviets from determining in which shelters the U.S8. missiles
were housed. Soviet responses to U.S. deployment of an MPS bas
ing system and U.S. uncertainties about the size of the Soviet
ICBM force could affect the ability of the United States to meet
these requirements for survivability. Whether the requirements
could in fact be met would depend in large part on the strength of
the U. S. commitment to maintain a survivable land-based ICBM
system. For example, a willingness to add shelters to an MPS
basing system could be particularly important in maintaining
survivability.



Some consider an MPS basing system to be unsuited to the
realities of the political environment in the United States.
Thus, they question the willingness of the American people to
support the construction of additional shelters in response to
potential increases in the nunber of warheads in the Soviet ICBM
force or in response to US uncertainties about whether the
Sovi ets possess |large nunbers of extra missiles that could rapidly
be nmade ready for launch in a crisis. Sone may judge that the
li kel i hood of such Soviet responses and US uncertainties is high
and that this is not an avenue of strategic conpetition in which
the United States would fare particularly well. Sone may al so
judge that, over time, the United States would have difficulty
mai nt ai ni ng secrecy about the location of the US mssiles
depl oyed in an MPS basing system

In this view, other kinds of basing systems——in parti cul ar,
subnmarines and aircraft--may appear to be nore attractive alter-
natives. An inportant possible advantage currently enjoyed by
strategi ¢ submarines, for exanple, is that their ability to
survive an attack is not sensitive to the nunber of warheads in
the Soviet mssile force. As long as submarines renain undetect-
able while on patrol at sea, sea-based nobile mssiles cannot be
targeted by Soviet mssiles.

Publ i c Acceptance of MPS Basing for ICBMs

There may al so be doubts as to public acceptance of a system
requiring thousands of shelters and a large network of connecting
roads or trenches. Public opposition could develop from three
nmaj or sour ces. First, there m ght be concern about the environ-
nmental inpact of an MPS basing system  Second, opposition could
ari se because of possible restrictions on land use even if only
small areas around each shelter were fenced off. (For exanple,
safety regulations would prohibit the construction of buildings
within certain distances of the mssile shelters; there could also
be restrictions on the use of the roads while nissiles or decoys
were being transported anmong the shelters and the naintenance
facilities.) Third, concern could arise that the depl oynent
area would beconme an inportant Soviet target in a nuclear war.

If serious opposition developed, it is conceivable that the
United States could find itself in the early or mddle 1980s with
a new mssile and conponents for a new basing system but no place
to put them Then several billion dollars would have been wasted
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and few alternatives for expanding the size of the U.S. submarine
and strategic aircraft forces would be immediately availble. As
discussed in Chapter IV, one way to hedge against uncertainties of
this kind would be to develop a common missile that could be
deployed in Trident submarines if an MPS basing system were not
constructed.

Several approaches might minimize the risk of serious
public opposition to the deployment of an MPS basing system.
For example, the Air Force proposes insofar as possible to
use public lands that are not needed for farming, with adverse
effects on as few people as possible. Only small areas of land
around the protective shelters that would house the missiles
would be fenced off from public access. An extensive environ-
mental impact analysis and land acquisition process would be
undertaken. Another important factor in minimizing the risk
of public opposition would be a strong commitment from the
Congress and the Administration to the deployment of an MPS
basing system.

Arms Control Considerations

A major source of opposition has been concern about the
arms control implications of an MPS basing system. In par-
ticular, questions have been raised about the ability to count
the number of missiles deployed in an MPS basing system and
the compatibility of MPS basing with SALT launcher restric-
tions. Also at issue is the effect of deployment of an MPS
basing system on efforts to prevent increases in the number of
nuclear weapons.

There are two major reasons why it is important that a U.S.
MPS basing system be compatible with SALT provisions. First, U.S.
deployment of a system for basing missiles that was not compatible
with SALT verification or SALT launcher restrictions might cause
the Soviet Union to abrogate an existing SALT treaty or to refuse
to accept a future agreement. Without SALT limits on the number
of Soviet multiple-warhead ICBM launchers and on the number of
warheads that may be flight-tested on an ICBM, the Soviets could
greatly increase the number of warheads in their ICBM force. As
shown in Chapter Ill, this would require the United States to
construct a large number of additional shelters and to deploy
additional missiles in its MPS basing complex, thereby increasing
its costs.



Second, the United States nust ensure that its Mps basing
conpl ex be designed to be verifiable and in accordance with SALT
| auncher restrictions in order to set the proper precedents for a
future Soviet nobile ICBM system should the Soviets choose to
depl oy such a system |If the United States constructed a basing
system for ICBMs that nmade it difficult to count the number of
mssiles deployed, the Soviets could deploy a simlar system
thereby hindering the US ability to assess accurately the
nunber of Soviet |CBW deployed. Thus, a US MPS basing conplex
must be designed so that it would place pressure on the Soviets to
make any simlar system that they m ght deploy verifiable by
the national technical neans of verification available to the
United States. In this regard, Secretary of Defense Brown has
stated that the United States wll not deploy a nobile | CBMsystem
that would prevent adequate verification of the nunber of I|aunch-
ers deployed and will insist that any Soviet systemneet the same
standards. 10/

Conpatibility with SALT Launcher Limts. Gne SALT concern is
that the protective shelters constructed for an MPS basing system
especially vertical shelters, mght be indistinguishable fromthe
existing silos that house |CB\. Because the construction of
additional fixed I[CBM launchers would be prohibited by the pro-
posed SALT Il agreenent, the construction of several thousand
vertical shelters would be a violation of SALT limts if shelters
were indistingui shable from existing silos.

If the United States deployed an MPS basing system its
position in the SALT negotiations would be that the mssile
canisters, rather than the vertical shelters, would constitute the
| aunchers.  The canisters thenselves would contain the equipnent
necessary to support and to launch the missiles--and woul d hence
be "launchers"--while the shelters would be little nmore than
concrete holes in the ground with commnications and power supply
l'i nes.

The Soviets have reportedly drawn a distinction between
depl oyment of mssiles in a conplex of vertical protective struc-
tures and depl oynent of nobile transporter/erector launchers in
hori zontal protective structures. According to this report,
the Soviets have stated that a system of vertical shelters would

10/ 1bid., p. 40
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i nvol ve additional fixed ICBM |aunchers, which are prohibited by
the proposed SALT |l agreenent. O the other hand, horizontal
shelters, if associated with transporter/erector |aunchers, m ght
be considered by the Soviets to be a permissible system. 11/

Verification. An MPS basing systemwoul d conplicate the task
of verifying conpliance with SALT linmts on the nunber of nissiles
that may be depl oyed. Because the concept of MPS basing invol ves
the depl oynent of nany nore shelters than nmissiles, the nunber of
mssiles deployed could not be verified sinply by counting the
nunber of underground shelters. Indeed, the need to prevent the
Soviets fromdetermning in which shelters the nmissiles were
located would require that the United States actively counter
Soviet efforts to observe the missiles once deployed within the
MPS basi ng conpl ex.

CGounting the nunber of nissile canisters or other types of
nmobi | e launchers depl oyed within an MPS basi ng conplex would be
nore difficult than counting fixed-base silos, whose construction
can be verified with high confidence both because of the long time
needed to construct a silo and because of the size of the opera-
tion. The Arms Control and D sarmanment Agency regards the verifi-
cation problens associated with nobile 1M systens to be "diffi-
cult" but "not insurmountable.” The degree of confidence that
could be gained in efforts to verify the nunber of nobile |1CBM
| aunchers depl oyed would depend upon the design, construction,
depl oyment, and operating practices of the side deploying the
system. 12/

The basic verification concept identified by the Air Force
for an MPS basing system would involve designing the system
so that the Soviets could count the mssiles and mssile canisters
or other types of nobile launchers as they were brought into the
shel ter conpl ex. In a vertical shelter system for exanple,

11/ See statenent of Paul H Ntze on the future of the |and-
based leg of the strategic Triad in hearings before the House
Conmittee on Armed Services, 96:1 (February 6, 1979; pro-
cessed), p. 10

12/ Fiscal Year 1980 Arms Control |npact Statements, Senate
Conmittee on Foreign Relations and House Commttee on Foreign
Affairs, Joint Comittee Print, 961 (Mrch 1979, p. 23
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the assenbly of the canisters and mssiles and the insertion of
the mssiles and their support equipment into the canisters would
be done in a time-consumng and observable way in a special
assenbly area located several mles from the shelter deploynent
area. The assenbled mssile canisters would then enter the
shel ter deployment area over a special railroad track that would
take a significant amount of time to traverse. Such an arrange-
ment woul d create a "choke point" that would cause the process of
introducing mssile canisters into the shelter deployment area to
take several days. Presumably, Soviet reconnaissance satellites
woul d then be able to count the nunber of mssile canisters
introduced into the shelter conplex (see Figure 4.

Several other design features would contribute to the effect-
iveness of this verification plan for a conplex of vertical
shelters. The metal rods, or "nass simulators,” would be assem
bled within the deployment area and inserted into the shelters
at the tinme of their construction, thereby avoiding the possi-
bility of confusing simulators for mssiles at the shelter conplex
entry point. Likewse, the large transporter vehicles that would
move mssile canisters and simulators among the shelters and
mai ntenance facilities would be assenbled within the shelter
depl oynent area. No buildings that could provide an ability to
assenbl e canisters and mssiles would be constructed within the
depl oyment area. Two additional measures would mnimze the
chance that mssile canisters could be snuggled into the shelter
depl oynent area fromplaces other than the designated canister and
mssile assenbly area. First, no roads capable of carrying the
large transporter vehicles would be constructed outside the
shelter deploynent area. Second, the fields of shelters would be
|ocated at significant distances fromany large buildings in the
area that could potentially be used to assenble canisters and
m ssi | es.

The Admnistration apparently considers a choke-point verifi-
cation plan, by itself, to be insufficient to provide an adequate
ability to nonitor the deploynment of mssiles in an MPS basing
system An ability to inspect the system from satellites m ght
provide a conplenment to the choke-point arrangenent. There is,
however, concern that reconnaissance satellites mght have diffi-
culty in seeing to the bottom of a vertical shelter. Thus, it
mght be difficult to verify that a particular shelter did not
contain a nmissile. For this reason, a system of horizontal
protective structures, either a conplex of individual horizontal
shelters or a network of wunburied trenches, is being exani ned.
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Figure 4. VERIFICATION AND CONCEALMENT OF MISSILES
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The idea is to design a systemthat would nake it easy for satel-
lites to distinguish with high confidence a protective structure
that housed a mssile fromone that did not. The vehicles that
woul d be required to raise the mssiles to the vertical position
for launch would also be larger than the canisters used in a ver-
tical shelter system This mght nake it easier to observe their
entry into the deploynment area through the choke-point system

There may be questions about the practical details of any
systemintended to allowthe nonitoring of mssiles deployed in an
MPS basing conpl ex. Sone tough bargaining may be required in
order to work out with the Soviets the details of a cooperative
verification scheme. There are, however, several precedents for
cooperative SALT verification arrangements, 13/ and a schene of
this kind mght well succeed in its aim Just as inportant, it
mght establish a precedent that would put pressure on the Soviets
to design any nobile nmissile systemthat they mght deploy in a
way that would allow US wverification of the nunber of Soviet
m ssi |l es depl oyed.

G her, nore general concerns related to the verification of
mobi | e | and-based mssile systems may remain. By naking the
ability to launch a mssile independent of an underground silo
| auncher, nobile systens may create or exacerbate concerns about
the potential ability to produce a |large nunmber of extra mssiles
and nobile launchers that could rapidly be made ready for use in a
crisis. In a vertical shelter system for exanple, the canister,
rather than an underground shelter, would provide the ability to
launch a mssile. If extra canisters could be covertly produced,
| arge nunbers of extra |aunchers would be available to launch any
mssiles that mght have been produced and stockpil ed.

Covertly producing extra canister launchers and stockpiling
them in warehouses mght be a less difficult task than secretly

13/ For exanple, the proposed SALT Il agreenent includes a

T special rule used to distinguish miltiple-warhead nissiles
from those armed with single warheads. Any mssile of
a type ever tested with nultiple warheads nust be counted as
a multiple-warhead mssile, whether it actually carries
mul tiple warheads or just one warhead. See speech of George
M Seignious, Drector of the Arnms Control and D sarnanment
Agency, in "SALT Il and the National Security,"” Congressional
Record (My 24, 1979), pp. 675558
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constructing large nunbers of extra underground silos. It mght
also be a nore reliable tactic than undertaking efforts to devel op
a capability to launch mssiles from expedi ent aboveground |aunch-
ers, since canisters for nobile missiles would provide a tested
met hod for |aunching extra missiles. Wiile the open nature of the
US political system makes it unlikely that the United States
could produce large nunmbers of extra canisters and mssiles in
secrecy, such fears mght be justified if the Soviet Union
devel oped and depl oyed a new nobile |auncher system 147

At least two approaches to the probl emof assuring that extra
mobile launchers could not be produced and stockpiled mght be
considered. First, the deployment or stockpiling of nobile
launchers outside a designated deploynent area could be banned.
Al'though detection of a single launcher outside this area woul d
indicate a violation of SALT restrictions, it is possible that
extra launchers could secretly be produced and stockpiled wthin
bui | di ngs. This worrisome possibility makes a second approach
seem the best way to assure that extra nobile |aunchers could not
be stockpiled. The second approach would involve the regul ation
of production activities in a way that would allow the observer
nation to assure itself that extra nobile launchers were not being
produced and stockpiled in secrecy. Athough the regulation of
production practices mght be the optinmal approach, it mght be
difficult to obtain Soviet agreement to such an intrusive verifi-
cation schene, if they deployed a nobile launcher systemof their
OWIle

[t: is inportant to renmenber that the potential difficulties
in counting the nunber of mobile launchers produced apply to all
mobi | e | and- based missile systens, not just to MPS basing systens.
Thus, a unilateral US decision not to deploy an MPS basing
conplex would not in itself solve the verification difficulties
associ ated with nobile |aunchers, since the Soviet Union may
decide to deploy a nobile mssile systemin any case. In fact,

14/ The Soviets previously developed the ss-16 mssile, believed
to have been designed for a nobile basing system but they
have agreed not to deploy this system during the effective
period of the SALT Il agreement. See Fiscal Year 1980 Arns
Control Inpact Statenments, Senate Commttee on Foreign
Relations and House Conmttee on Foreign Affairs, Joint
Commttee Print, 96:1 (March 1979), p. 20.
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the proposed SALT Il agreenent explicitly permts deploynent of
mobi |l e ICBM |aunchers after the expiration of the tenporary
protocol period. 15/

Sovi et Responses to US MPS Basing. A final arns control
concern 1s that US deploynment of an MPS basing system m ght
cause the Soviets to increase the nunber of warheads in their |CBM
force. 16/ |If the Soviets wshed to maintain a disarmng first-
strike Threat against US ICBMs, they mi ght decide that the
increase in the nunber of protective shelters for US mssiles
associated wth US deployment of an MPS basing system required
an increase in the nunber of their own warheads available to
attack the US [|CBM force. Such arguments are necessarily
somewhat specul ative, since their validity hinges on a nunber of
unknown factors. For exanmple, future SALT limts may restrict the
ability of the Soviets to increase the nunber of warheads in their
| GBBM force. In addition, it is not clear how strongly Soviet
mssile prograns are influenced by US prograns. The Soviets nay
seek to increase the nunber of warheads in their |CBM force
whether the Wdiited States deploys an MPS basing system or not.
For exanple, the Soviets mght consider additional weapons
useful for attacking the US strategic aircraft force.

If the Soviets do seek to develop disarmng first-strike
capabilities against the various elenents of the US nuclear
arsenal, and if there are no SALT limts on the Soviet mssile
force in the future, it is possible that deployment of an MPS
basing systemmght be a better way to nmaintain the survivability
of US strategic forces than some of the other alternatives. It
mght, for exanple, be cheaper to proliferate shelters in an MPS
basing system than to increase the nunber of air bases for the
US strategic aircraft force as a counter to an increase in the
nunber of Soviet mssiles and warheads.

If the Soviets were to agree to reductions in mssile ceil-
ings in a future SALT agreenent, the survivability of an MPS
basing system would be inproved because a smaller Soviet mssile
force would allow the targeting of fewer US shelters. This
could be considered a positive characteristic of an MPS basing
system from the standpoint of arns control.

15/ 1bid., pp. 12-13.
16/ 1Ibid., p. 20.
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APPENO X A THE MK GCBT EFFECTI VENESS MCDEL

The cost estimates for MPS basing systens presented in this
paper have been derived from the MX Cost Effectiveness Mbdel
devel oped by the MK System Program (Office of the Air Force's Space
and Mssile Systens Qganization (SAMB). The nodel is capable of
determning costs for a variety of US mssile options and for
several specific MPS basing systens. Wen it is provided assunp-
tions as to the nunmber and characteristics of future Sovi et
ICBMs and the desired nunmber of surviving US warheads, it can
determ ne the combination of US missiles and shelters that
woul d mnimze the cost to deploy and operate any gi ven MPS basi ng
systemwith a particular type of mssile deployed in that system

Al assunptions about the future Soviet ICBM force and about
the desired nunber of surviving US warheads were supplied by
aBQ Because CBO's assunptions nay differ from those used by
the Air Force, the cost estimates given here may be different
than those provided by the Departnment of Defense. [Differences in
costs costs are the result of differences in the nunber of shel-
ters and mssiles that mght be depl oyed. CBO exanined the nodel,
and its calculations seemto produce reasonable results. CBO did
not, however, undertake a conprehensive review of Air Force
estimates of the costs to develop, deploy, and operate an MPS
basing systemwth a given nunber of shelters and mssiles. Such
a review was undertaken by the Air Force Ofice of Independent
Cost Analysis (IcA), and the cost estinmates cal cul ated by ICAwere
within about one percent of the Air Force MX System Program O fice
estimates. 1/

MCDEL | NPUTS

Several inputs nmust be provided to the nodel. The assuned
nunber of Soviet IBM and the accuracy, reliability, and warhead
yields of the ICBW in the Soviet force at the time the Ulhited

1/ Information supplied to CBO by US Ar Force (January 12,
1979).
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States woul d conpl ete depl oynent of its MPS basing systemmust be
speci fi ed. As shown in Chapter 1Il, the costs of an MPS basing
system would be highly sensitive to the nunber of Soviet warheads
available for an attack on it. A desired nunber of surviving US
war heads nust al so be provided. In addition, the characteristics
of the US missile to be deployed in the MPS basing system nust
be specified. The nunber of warheads carried on each US mssile
is an especially inportant variable, because that nunber deter-
mnes hownmany US mssiles must survive a Soviet attack in order
to provide the desired nunber of surviving US warheads. The
type of MPS basing systemto be examined--whether vertical shelter
system horizontal shelter system or trench system——must al so be
speci fied. Finally, cost estimates nust be attached to the
various MPS basing system conponents. Al cost estinmates for the
syst em conponents were supplied by SAMBQ

MCDEL  CALAULATI ONS

To start the model's calculations, the user provides a
prelimnary estimate of the total nunber of mssiles to be de-
ployed in the MPS basing systemand a prelimnary hardness speci -
fication for the individual shelters.

Shel ter Hardness and Design

After being given a prelimnary shelter hardness specifica-
tion, the nodel determines the shelter dinmensions, the thickness
of the concrete walls and shelter door, and the type of shock
isolation system required to provide the shelter hardness speci-
fied. These shelter design specifications are provided to the
model's cost program and a cost estimate for an individual shel-
ter is determned for use in a later part of the model's cal cul a-
tions,

In another part of the nodel, the shelter design specifica-
tions are used to assess independently the degree of protection
from nucl ear bl ast and shock effects that would be provided to a
missile in such a shelter. dven this hardness estinmate, along
with the prelimnary estimate of the total nunber of US mssiles
to be depl oyed in the MPS basing system the nodel then determ nes
the nunber of shelters and the spacing between them required to
ensure that the desired nunber of US mssiles could survive
a Soviet attack of the specified magnitude.
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‘Spaci ng Between Shelters

The spacing between the shelters is designed to ensure that
each Soviet warhead exploding in the MPS basing system depl oynent
area could destroy no nore than one US shelter. Spacing shoul d
be large enough so that this condition would hold even if the
Soviets arnmed their mssiles with somewhat nore powerful warheads.
In addition, the spacing is designed to be |arge enough to prevent
each Soviet warhead from destroying nore than one US shelter,
even if the shelters proved to be significantly less resistant to
nucl ear blast and shock effects than estinmated or the nuclear
envi ronment proved to be nore severe than anti ci pat ed.

The spaci ng between shelters is an inportant variable because
it affects the nunber of mles of road required for an MPS basi ng
system the size of the total MPS basing system depl oynent area,
and, hence, the required number of nmmintenance and security
personnel. In general, the nore protection agai nst nuclear blast
and shock effects provided by the shelters, the snmaller the
spaci ng need be. Thus, hard shelters are a desirable attribute in
an MPS basing system At some point, however, it becones nore
expensive to nake the shelters harder than to increase the spacing
between the shelters.

The Nunber of Shelters

The nunber of shelters required to provide the desired nunber
of surviving US warheads can also be deternined once the
prelimnary shelter hardness has been estinmated and a prelimnary
estimate of the total nunber of US mnissiles to be deployed in
the MPS basing systemhas been specified. For exanple, the United
States might want to ensure the survival of 1,000 warheads in an
MPS basing system If the United States deployed mssiles that
were each arned with 10 warheads, 100 nissiles would have to
survive a Soviet attack in order to provide 1,000 surviving
war heads. To start the model's calculatioms, the user m ght
specify that, as a prelimnary estimate, 200 mssiles would be
depl oyed in the MPS basi ng system

GAven this information, the nodel would determne the nunber
of shelters required to ensure that half of the 200 m ssiles
to be deployed in the MPS basing system could be expected to
survive a Soviet attack. For exanple, assune that the Soviets
woul d have 4,000 warheads available to attack the US MPS basi ng
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system and that 3,400 of these, or 85 percent, would function
reliably. [If the prelimnary shelter hardness estinate indicated
that a reliable Soviet warhead exploding in the area of an indi-
vidual US shelter would have a 95 percent chance of destroying
that shelter, then the Soviets would possess a capability to
destroy 3,230 (% percent of 3,400) of the shelters ina US MPS
basing system To ensure that half of the US shelters--and,
hence, half of the 200 depl oyed missiles--could survive a Soviet
attack, the nodel would determne a requirenent for an MPS basing
system with 6,460 shelters, twice the nunber that the Soviets
coul d destroy.

Finding the M nimum Cost Conbination of Missiles and Shelters
In an MPS Basing System

A conbi nation of 200 mssiles and 6,460 shelters constitutes
one US MS basing system that could provide 100 surviving
mssiles with 1,000 surviving warheads after a Soviet attack
of 4,000 warheads. This conbination woul d not necessarily repre-
sent the mninumcost MPS basing system however. To deternne
the mninumcost conbination of mssiles and shelters, the nodel
nmust estimate the cost of this MPS basing systemand conpare it to
the costs of systems with, on the one side, relatively fewer
mssiles and nore shelters and, on the other side, relatively nore
mssiles and fewer shelters. For exanple, it mght be cheaper to
deploy 300 missiles and 4,843 shelters, another conbination of
m ssiles and shelters that would provide 100 surviving US
m ssi | es. Likewi se, the prelimnary hardness specification for
the shelters, and hence the spacing between them is also varied
in order to find the mninumcost conbination of shelter hardness
and spaci ng between shelters.

In estimating the cost of an MPS basing systemwith a
particular conbination of mssiles and shelters and a particul ar
shelter hardness and spacing, dozens of system conponents are
taken into account. 1In addition to the costs of the mssiles and
the shelters thenselves, estimates are given for the costs of
mssile canisters, mssile-support equipnent, transporter vehi-
cles, sinulators, roads, underground communication and power
cables, maintenance and security buildings, and base facilities.

The costs of naintaining all of these system conponents are

also considered. The nunber of personnel required for these
mai nt enance tasks is affected by the nunmber of shelters, the
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spacing between them the nunber of mssiles, the frequency of
mssile and mssile-support equipment failure, and the tine
required to repair such nalfunctions. The operating and support
costs estimated by the nodel are based on the assunption that the
mssiles would be noved only for naintenance purposes and that
they would not have to be noved frequently in order to prevent the
Soviets from determning their |ocation.

In addition, the personnel required for maintaining the
security of the mssiles are included in the costs. The nunber of
required security personnel is affected strongly by the spacing
between the shelters and the size of the MPS basing system depl oy-
ment area.

Finally, the costs for an MPS basing system assune that one
silo-housed Minuteman IIl missile wwuld be retired for each
mssile deployed in an MPS basing system The savings in opera-
ting costs realized fromthe retirement of Mnutenman nissiles is
subtracted fromthe costs to operate an MPS basing system

Ohce the nmodel has estimated the cost of an MPS basing system
with a particular conbination of mssiles and shelters and with a
particular shelter hardness specification and spacing, it then
looks to see if a less expensive MPS basing system can be found.
To undertake this search, the model starts the cal cul ations again
with a lesser or greater nunber of mssiles deployed in the system
and with a different shelter hardness specification.

Typically, the mninumcost MPS basing systemis found at a
conbination of mssiles and shelters such that 50 percent or |ess
of the mssiles deployed in the systemwoul d be assuned to survive
a Soviet attack. This tendency of the nodel can be altered in two
inportant ways. On the one side, a limt on the number of ms-
siles that can be deployed in an MPS basing system inposed by
either a SALT constraint or a physical constraint, can force the
model to solutions in which a large nunber of shelters woul d have
to be constructed so that a high percentage of the linmted nunber
of deployed mssiles would be able to survive a Soviet attack.

On the other side, an MPS basing systemwth a very large
nunber of mssiles but with a relatively |ow percentage of ms-
siles surviving a Soviet attack--as |ow as 25 percent--often

represents the mninumcost conbination of mssiles and shelters
if it is assunmed that the Soviets would have a very |arge nunber

of warheads available to attack a US MPS basing system I'n
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these high-threat cases, the cost of adding mssiles rises nmuch
| ess rapidly than the cost of adding shelters; thus it is cheaper
to add a large nunber of mssiles and a relatively snmal |l nunber of
shelters to the MPS basing system This is because the unit cost
of mssiles and of mssile-support equipnment tends to fall as
| arger nunbers are procured, While the cost of constructing
additional shelters remains relatively constant.

| NFLATI ON ASSUMPTI ONS

The nodel provides cost estimtes for MPS basing systens that
are based on expenses that would have been incurred if the system
had been devel oped and depl oyed in March 1978. (CBO converted all
the estinmates into fiscal year 1980 dollars, using the assunptions
about inflation between 1978 and 1980 shown in the follow ng
table.

TABLE A-1. ASSUMED | NFLATICN RATES IN VAR QUS M LI TARY ACCOUNTS,
F SCAL YEARS 1978 TO 1980

Inflation Rate

Account

Nunber Title 1978-79 1979- 80 _a/ 1978- 80

3600 Research and 7.3 7.7 15.6
Devel opnent

3020 Pr ocur enent 7.2 6.9 14.6

3300 Mlitary 81 8.2 17.0
CGonstructi on

3400 Qperati ons 6.7 6.8 14.0
and Mai nt enance

3500 Mlitary 5.4 5.6 11.3

Per sonnel

al Assunes 5.5 percent federal pay raise in 1980.
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APPENDIX B. ESTIMATED SOVIET MULTIPLE-WARHEAD ICBMS IN THE

POST-1990 PERIOD: POSSIBLE VARIATIONS IN THE THREAT

TO A U.S. MULTIPLE PROTECTIVE STRUCTURE BASING
SYSTEM




TABLE B-1. SALT |I1-CONSTRAINED SOV ET THREAT WTH NEW TEN- WARHEAD M SSI LE ESTI NATED

SOV ET MULTI PLEEWARHEAD ICBMS IN THE PCBI-1990 PER CD

War heads Qrcul ar

Type of per Total Yield in Error
Missile a/ Number b/ Missile ¢/ Warheads Megatons d/ Probable e/ Reliability £/

$S-18 308 10 3,080 0.6 to 15 500 feet 0.85
New 10-
Warhead
ICBM 512 10 5,120 0.335 500 feet 0.85
Total 820 8,200
a/ The missile types include both existing Soviet multiple-warhead 1cBMs and replace-

e/

ment missiles that may be developed in the future.

SALT 1l multiple-warhead ICBM limit of 820, assumed to be extended through the
1980s and into the 1990s.

Proposed SALT Il limit of 10 on the number of warheads that may be flight-tested
on an ICBM, assumed to be extended into the 1990s.

For the lower end of the range of estimates for the yieid of warheads carried
on SS-18 missiles, see Walter pincus, "U.S. Downgrades Soviet ICBM Yield,"
Washington Post (May 31, 1979), p. a-1. For the upper end of the range, see
Clarence A. Robinson, Jr., "MX Deployment Urged for Parity,” Aviation Week
and Space Technology (December 5, 1977), pp. 12-15. The yield for the new
10-warhead missile Is assumed to be the reported yield of the Mx-12A warheads that
may be deployed on u.s. MX missiles. See Clarence A. Robinson, Jr., "MX Basing
Delay Threatens SALT Ratification,” Aviation Week and Space Technology (November
20, 1978), pp. 20-22.

This is the reported current u,s. advanced technology capability and the reported
limit of accuracy for purely ballistic reentry vehicles. See Clarence A. Robin-
son, Jr., "MX Basing Delay Threatens SALT Ratification,” Aviation Week and Space
Technology (November 20, 1978), pp. 20-22.

See Hon. Thomas A. Downey, "How to Avoid Monad and Disaster," Foreign Policy (Fall
1976), pp. 180-81.



TABLE B~2. SO/ ET DEPLOYMENT CF 820 MULTIPLE-WARHEAD ICBMS WTH LARGER NUMBERS CF

SVALLER WARHEADS: ESTI MATED SOVI ET MULTI PLEEWARHEAD | CBMS |N THE PCBT-
1990 PER D

War heads Grcul ar

Type of per Tot al Yield in Error
Mssile a/ Nunber b/ Mssile ¢/ Warheads Megatons d/ Probable e/ Reliability £/

S$5-18 308 25 7,700 0.2 500 feet 0.85
$5-19 400 14 5, 600 0.2 500 feet 0.85
$5-17 112 14 1, 568 0.2 500 feet 0.85
Tot al 820 14, 868
3/ The nmissile types include both existing Soviet nultiple-warhead ICBMs and repl ace-

ment nmissiles that may be devel oped in the future.

SALT Il multiple-warhead ICBM limt of 820, assumed to be extended through the
1980s and into the 1990s.

See Qarence A Robinson, Jr., "M Basing Delay Threatens SALT Ratification,”
Avi ati on Wek and Space Technol ogy (Novenber 20, 1978), pp. 20-22.

See darence A Robinson, Jr., "MK Basing Delay Threatens SALT Ratification,”

Avi ati on ek and Space Technol ogy (Novenber 20, 1978), pp. 20-22; and Edgar
Ulsamer, "QOmnous Soviet | CBM Testing," A r Force Magazine (Novenber 1978), p.
12.

This is the reported current US advanced technol ogy capability and the reported
limt of accuracy for purely ballistic reentry vehicles. See Qarence A Robin-
son, Jr., "MK Basing Delay Threatens SALT Ratification,” Avi ati on Wek and Space
Technol ogy (Novenber 20, 1978), pp. 20-22.

See Hon. Thomas A Downey, "How to Avoid Mnad and D saster,"” Foreign Policy (Fall
1976), pp. 180-81.
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TABLE B-3. SOVIET DEPLOYMENT CF 1,400 MLTI PLEEWARHEAD ICBMS WTH EXISTING M SSI LE

PAYLQADS: ESTI MATED SOVI ET MLTI PLE-WARHEAD | CGBMS |N THE PGST-1990
PER CD

\War heads Grcul ar

Type of per Tot al Yield in Error
Missile a/ MNunber b/ Mssile ¢/ Wrheads Megatons d/ Probable e/ Reliability £/

§5-18 308 10 3,080 06 to 15 500 feet 0.85
$5-19 853 6 5,118 0.5 to 0.8 500 feet 0.85
$8-17 239 4 __956 0.6 50 feet 0.85
Tot al 1, 400 9, 154

£/

The missile types include both existing Soviet nultiple-warhead ICBMs and repl ace-
nment mssiles that nay be devel oped in the future.

This corresponds to the nunber of ICBM silos that the Soviets were allowed under
the SALT | agreenent negotiated in 1972.

The nunber of warheads currently depl oyed on Soviet |CBMW.

For the lower end of the range, see Wilter Pincus, "US Downgrades Soviet |CBM
Yield," Washington Post (My 31, 1979), p. A-l. For the upper end of the range,
see Qarence A Robinson, Jr., "M Deployrment U ged for Parity," Aviation Wek and
Space Technol ogy (Decenber 5, 1977), pp. 12-15.

This is the reported current US advanced technology capability and the reported
limt of accuracy for purely ballistic reentry vehicles. See darence A Robin-
son, Jr., "MK Basing Delay Threatens SALT Ratification,” Aviation ek and Space
Technol ogy (Novenber 20, 1978), pp. 20-22.

See Hbn. Thomas A Downey, "How to Avoid Mnad and Disaster,” Foreign Policy (Fall
1976), pp. 180-81.

132



TABLE B-4. SOV ET DEPLOYMENT CF 1,400 MATI PLEEWARHEAD ICBMS WTH LARGER NUMBERS CF

SVALLER WARHEADS ESTI MATED SOV ET MALTI PLEEWARHEAD | BMS |N THE PCBT-
1990 PER CD

\War heads Greceul ar
Type of per Tot al Yield in Error
Mssile a/ Nunber b/ Mssile ¢/ Varheads Megatons d/ Probable e/ Reliability £/

§5~18 308 25 7,700 0.2 500 feet 0.85

$5-19 853 14 11, 942 0.2 500 feet 0.85

§5-17 239 14 _3,3%6 0.2 500 feet 0.85
Tot al 1,400 22,988

_e_t_/ The nissile types include both existing Soviet multiple-warhead ICBMs and repl ace-
ment missiles that may be devel oped in the future.

b/ This corresponds to the nunber of ICBM silos that the Soviets were allowed under
the SALT | agreenent negotiated in 1972

¢/ See darence A Robinson, Jr., "MK Basing Delay Threatens SALT Ratification,”
Avi ati on ek and Space Technol ogy (Novenber 20, 1978), pp. 20-22.

d/ See darence A Robinson, Jr., "MK Basing Delay Threatens SALT Ratificationm,”
Avi ati on Week and Space Technol ogy (Novenber 20, 1978), pp. 20-22; and Edgar
Usaner, "Qnnous Soviet |ICBM Testing," A r Force Magazi ne (Novenber 1978), p.
12.

e/ This is the reported current US advanced technol ogy capability and the reported
T limt of accuracy for purely ballistic reentry vehicles. See Qarence A Robin-
son, Jr., "MX Basing Delay Threatens SALT Ratification,™ Aviation Wek and Space
Technol ogy (Novenber 20, 1978), pp. 20-22.

.:f_/ See Hon. Thomas A Downey, "How to Avoid Mnad and D saster," Foreign Policy (Fall
1976), pp. 180-8L
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TABLE B=5. FUTURE SALT REDUCTIONS AND EXI STING M SSILE PAYLOADS:  ESTIMATED SOV ET

MLTI PLEWR-HEAD ICBMS IN THE PCSI-1990 PER (D

\\r heads Qrcul ar

Type of per Tot al Yield in Error
Mssile a/ Nunber b/ Mssile ¢/ Warheads Megatons d/ Probable ¢/ Reliability f/

S5-18 150 10 1, 500 0.6 to 15 500 feet 0.85
$8-19 400 6 2,400 0.55 to 0.8 500 feet 0.8
Tot al 550 3, 900

a/ The nissile types include both existing Soviet multiple-warhead ICBMs and repl ace-
ment mssiles that may be devel oped in the future.

b/ US SALT Il proposal of March 1977.

.g/ The nunber of warheads currently depl oyed on Soviet |CBMW.

d/ For the lower end of the range, see Witer Pncus, "US Downgrades Soviet ICBM
Yield," Washington Post (My 31, 1979), p. A-l1. For the upper end of the range,
see Qarence A FRobinson, Jr., "MK Deploynent Uged for Parity,” Aviation ek and
Space Technol ogy (Decenber 5, 1977), pp. 12-15.

_g/ This is the reported current US advanced technol ogy capability and the reported

limt of accuracy for purely ballistic reentry vehicles. See Qarence A Robin-
son, Jr., "MK Basing Delay Threatens SALT Ratification,”™ Aviation Wek and Space
Technol ogy (Novenber 20, 1978), pp. 20-22.

See Hon. Thomas A Downey, "How to Avoid Mnad and D saster," Foreign Policy (Fall
1976), pp. 180-8L
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TABLE B-6. FUIURE SALT REDUCTIONS AND NEW TEN-WARHEAD M SSILE ESTI MATED SOJ ET

MULTIPLE~WARHEAD ICBMS |IN THE PCBI-1990 PER CD

War heads G rcul ar

Type of per Tot al Yield in Error
Mssile a/ Nunber b/ Mssile ¢/ Warheads Megatons d/ Probable e/ Reliability £/

§5-18 150 10 1, 500 0.6 to 1.5 500 feet 0.85
New 10-
Vér head
ICBM 400 10 4, 000 0.335 500 feet 0.85
Tot al 550 5, 500
a/ The missile types include both existing Soviet nultiple-warhead ICBMs and repl ace-

ment nissiles that may be devel oped in the future.
US SAT Il proposal of Mrch 1977.

Proposed SALT Il 1limit of 10 on the nunber of warheads that may be flight-tested
on an | CBM assuned to be extended into the 1990s.

For the lower end of the range of estimates for the yield of warheads carried on
SS- 18 missiles, see Wilter Pincus, "US Downgrades Soviet ICBMYield, " \Véashington
Post (My 31, 1979), p. A-1l. For the upper end of the range, see darence A
Robi nson, Jr., "MK Deploynment Uged for Parity,” Aviation Wek and Space Technol -
ogy (Decenber 5, 1977), pp. 12-15. The yield for the new 10-warhead mssile is
assuned to be the reported yield of the warheads that may be deployed on US MK
mssiles. See Qarence A Robinson, Jr., "MX Basing Delay Threatens SALT Ratifica-
tion," Aviation \Wek and Space Technol ogy (Novenber 20, 1978), pp. 20-22.

This is the reported current US advanced technol ogy capability and the reported
limt of accuracy for purely ballistic reentry vehicles. See darence A Robin-
son, Jr., "MK Basing Delay Threatens SALT Ratification,” Aviation Wek and Space
Technol ogy (Novenber 20, 1978), pp. 20-22. - " ’

See Hon. Thomas A Downey, "How to Avoid Mnhad and Disaster,” Foreign Policy (Fal
1976), pp. 180-81.
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