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work could direct more submarines to erect
their masts or deploy awash buoys to copy
other communications.

Report-back could be arranged, at no addi-
tional risk to the submarines, by having them
transmit status messages via EHF SATCOM
whenever they snorkeled. Classified means are
used today for submarine report-back.

Transattack

SYSTEM DESCRIPTION

The transattack period is defined for the pur-
poses of this chapter as the period when
NEACP and TACAMO are airborne. This period
would normally be the first 12 to 14 hours after
attack plus additional periods if provision
were made for extended operations. The trans-
attack CJ system is shown in figure 129.

The land-based VLF antennas are assumed
destroyed in the attack, though this might not
be true of the antennas on the soil of other na-
tions. The EHF satellites are assumed intact.

There are at present several TACAMO air-
craft in the Atlantic and a few in the Pacific.

More Pacific TACAMOS are expected to sup-
port Trident operations. These TACAMO air-
craft will be EM P-hardened.

Both TACAMO and the E-4B NEACP would
be capable of transmitting an EAM directly to
submerged submarines from their VLF trailing
antennas <

TRANSATTACK FUNCTIONS

Prelaunch damage assessment and targeting
reoptimization would be unnecessary for the
small submarine force, since it would be ex-
pected to be almost completely survivable.

EAM transmission could occur via VLF from
TACAMO or NEACP. When the submarines
lost communications with the land-based VLF
transmitters, they would tune to TACAMO.

Ad-hoc retargeting would require high data
rates and two-way communications, so VLF
would not be appropriate. A short-coded mes-
sage via VLF ordering certain submarines to
come to depth and copy targeting instructions
via E H F SATCOM would be a means to accom-
plish ad-hoc retargeting the transattack period.

Figure 129.-Transattack C3 System for Small Submarines

SOURCE Office of Technology Assessment
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Postattack

Two-way communications via EHF SATCOM
could be available in the postattack period,
and HF and UHF SATCOM could be reconsti-
tuted in this period as well. The postattack C3

system is shown in figure 130.

A i r  Mob i le  MX

Preattack

The principal preattack C3 requirements for
an air mobile fleet would concern receipt of
timely warning messages to support the fleet’s
high alert posture. A wide variety of reliable
warning sensors, available at some cost, is
discussed in chapters 4 and 6. The communi-
cations I inks from these sensors to com-
manders authorized to order dispersal of the
fleet and from commanders to the alert air-
bases would presumably be used before the
communications system had suffered exten-
sive damage.

The responsiveness of an air mobile force to
a launch order wouId be limited to the time—
perhaps 10 minutes or so– it would take the

aircraft  to take off  and cl imb to launch
altitude.

Transattack and Postattack

The C3 system to support the complex force
management needs of the dispersed MX fleet
would require at least teletype data-rate com-
munications between each missiIe-carrying air-
craft and command aircraft. The aircraft
would be required to report their status, in-
cluding remaining fuel supplies, and receive
launch instructions. Targeting reoptimization
would not be required if a substantial portion
of the fleet survived the initial attack. The air-
borne fleet could make use of a wide variety of
communications including UHF l ine-of-sight
(including the PACCS fleet), adaptive HF,
VLF/LF, and SATCOM, as shown in figure 131.
The communications system itself would be
low risk, the principal C3 problems being asso-
ciated with the need to manage the dispersed
force, assess its status, and ready it for launch.

The problems of making provision for endur-
ance beyond the few hours of unrefueled flight
time are discussed extensively in chapter 6. If

Figure 130.—Postattack C3 System for Small Submarines

SOURCE: Off Ice of Technology Assessment
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Figure 131 .—Transattack Air Mobile MX Communications System

PACCS

SOURCE: Office of Technology Assessment.

air f ie lds surv ived for  reconst i tut ion, they
would have to be located, their status assessed
(including local fallout levels), and landing
aids provided in advance.

Last, providing for missile accuracy com-
parable to land-based MX would require com-
munications from Global Positioning Satellites
(GPS) or a Ground Beacon System (GBS).

OVERVIEW OF RADIO COMMUNICATIONS

Radio Wave Propagation

This section discusses some of the character-
istics of radio waves that are relevant to strate-
gic communications systems.

Radio waves are electromagnetic disturb-
ances that propagate with the speed of light
and, under certain conditions, can be bent, re-
flected, and absorbed within different regions
of the upper atmosphere. The propagation
characteristics of radio waves in the upper at-
mosphere differ markedly for waves of differ-
ent frequencies. Propagation can also change
with time of day, time of year, and sunspot ac-
tivity. In addition high-altitude nuclear explo-
sions can dramatically alter the propagation
characteristics of radio waves within the at-
mosphere. This circumstance has obvious and
important implications for communications
systems that may have to function reliably in a
nuclear environment.

Radio communications bands are, by con-
vention, referred to by different names. Since
the names of these bands are commonly used
in discussions of communications systems,
they are summarized in table 34.

The rate at which a radio wave is able to
transmit information is determined by its fre-
quency (assuming there is no significant noise,
fading, or other fluctuation effects mixed in
the signal). This rate can be thought of as the
number of times per second (the unit of fre-
quency is the Hertz; one Hertz is the same as
one cycle per second) the signal can be turned
“on” or “off” in order to create the sound of a
voice or  to t ransmit  informat ion in other
forms. This “on-off” rate can never be greater
than the frequency of the wave since the fre-
quency of the wave is in fact the number of
times per second that the wave itself is turned
“on and of f.” A rough rule of thumb is that a
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radio signal can carry information at about 10
percent the rate of its frequency. Thus, if low-
fidelity voice communication requires the
transmission of a voice signal that has primary
frequency components in the 1,000 to 2,000
cycle per second range, then the radio wave
must have a frequency of at least 10,000 to
2 0 , 0 0 0  Hertz .  Th is  means that the lowest
usable frequencies for voice communications
lies in the upper end of the LF band. High-
quality voice transmission would require the
transmission of voice components at frequen-
cies of order 10,000 to 15,000 Hertz, thus re-
quiring frequencies on the order of several
hundreds of kiloHertz. These frequencies lie in
the lower end of the MF band or broadcast
band, where commercial AM radio stations are
licensed to operate. For situations that require
particularly reliable signal reception and good
rejection of noise, much higher frequencies are
preferable, as is the case with high fidelity
music transmissions that are transmitted in the
VHF (FM radio) band. Still higher data rates
may be required for transmitting enough in-
formation to construct pictures rapidly in time,
as is the case in television broadcasting. Televi-
sion information rate requirements dictate
radio f requencies in the VHF and UHF radio
bands.

R a d i o  w a v e s  c a n  b e  r e c e i v e d  b e t w e e n
ground stations over several different physical

paths If the stations are close enough together
to have line-of-sight contact, they can receive
“direct-wave” transmissions (see fig. 132). It is

also possible to use different layers of the up-
per atmosphere to bend or reflect radio waves

back toward the surface of the Earth for over-
the-hor izon recept ion (or  for  over- the-hor izon
radars). Signals received over such paths are

called skywaves. Radio waves can also be re-
flected from the surface of the Earth, to the
ionosphere, and back again toward the Earth.
This phenomenon, which occurs mostly at low-
er radio frequencies, can result in the radio
wave being “guided” along the Earth’s surface
for great distances. The radio waves are, in ef-
fect, trapped by the boundaries of the iono-
sphere and the Earth’s surface.

F igu re  133  shows a  g raph  o f  t yp ica l
distances over which communications can be

Figure 132.—Physical Paths of Radio Waves

SOURCE: Office of Technology Assessment

Figure 133.—Electromagnetic Transmission Ranges
at Different Frequencies
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achieved between ground stations using com-
monly available radio equipment. VLF signals
(designated by an arrow at 10 KHz on the
graph) can be reliably received at distances of
many thousands of miles because they are
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guided along the Earth’s surface by the bound-
aries on the ionosphere and the ground (fig.
134 shows the geometry of VLF over-the-
horizon radio propagation). At higher frequen-
cies encountered in the LF band, radio waves
begin to suffer attenuation at the greater
distances due to absorption. As a result of
these effects, LF reception tends to be of
shorter range than that of VLF waves. At still
higher frequencies, less and less of the radio
waves get redirected back to the Earth’s sur-
face by the ionosphere and the range at which
radio transmissions can be received drops to
the line-of-sight distance. (For radio transmis-
sions, line-of-sight distances are approximately
40 miles. This distance is somewhat larger than
visual Iine-of-sight distances. ]

Many communications applications require
high data rates in addition to long range and
high reliability. High data-rate communication
mandates the use of high radio frequencies.
Since high frequencies are either not reflected
or poorly reflected from the ionosphere, it is
necessary that the transmitter and receiver
have line of sight geometry if reliable com-
munications are to be affected. One way of in-
creasing the range of line-of-sight radio com-
munications is to use airplanes.

Figure 135 illustrates schematically the ge-
ometry for line-of-sight communications be-

Figure 134.— Over-the. Horizon Radio Transmission
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SOURCE: Office of Technology Assessment

Figure 135.—Geometry of Aircraft Direct
Path Communications

SOURCE: Office of Technology Assessment.

tween aircraft. As an airborne relay, line-of-
sight transmission between aircraft can be af-
fected over distances of approximately 400
miles using the HF and UHF bands. The aircraft
can also communicate with ground installa-
tions over distances of approximately 200
miles at those same frequencies.

Another feature of aircraft communications
links is that they are constantly in motion and
are therefore difficult to target from great dis-
tances. For this reason, aircraft are particularly
useful as survivable command posts, launch
control centers, and communications relays.

For still greater distances and high data-rate
communications, satellites can be used as or-
biting relays. The geometry of an orbiting
satellite relay is shown in figure 136. A par-
ticularly convenient orbit used for long-range,
high data-rate satellite communications is at a
distance of 22,300 miles from the Earth. Satel-
l ites in orbits that l ie in the plane of the
Equator at that distance will always remain
over the same point on the Earth’s surface. For
this reason, many communications satellites
are put in such “geosynchronous” orbits.

Disruption of Radio Communications
Due to Nuclear Detonations

Electromagnetic Pulse

When a nuclear detonation occurs, a large
number of gamma rays is emmitted by nuclei
in fission and fusion reactions, resulting in an
initial “gamma flash” of extremely high inten-
sity. If the nuclear weapon is detonated at an
altitude above the sensible atmosphere, the
gamma rays from the weapon can induce ex-
tremely intense electromagnetic fields in the
layer of air between 15 and 25 miles altitude.
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Figure 136.—Geometry of Satellite Communications
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SOURCE. Off Ice of Technology Assessment

These electromagnetic fields will then prop-
agate towards the surface of the Earth.

Nuclear-explosion-generated electromag-
netic phenomena of this type are known as
EMP effects. EMP fields are of great interest
since they are sufficiently intense to represent
a potential threat to the survivability of almost
al I electronic equipment.

Figure 137 shows the area over which an in-
tense electric field of 25,000 volts per meter or
more would be generated by a nuclear explo-
sion of several hundreds of kilotons yield at an
altitude of 190 miles. The area affected essen-
tially covers the entire United States and parts
of Canada and Mexico.

The size of the area that could be affected
by EMP is primarily determined by the height
of burst and is only very weakly dependent on
the yield. For example, the size of the affected
area shown in figure 137 could be increased by
60 percent if the detonation height were in-
creased to an altitude of 300 miles. Thus,
severe EMP effects are possible over very large
areas without the use of high-yield weapons.

Figure 137.-Electromagnetic Pulse Ground
Coverage for High-Altitude-Nuclear Explosion

Peak electric field
25,000 volts/meter or greater

Height of burst = 190 miles

SOURCE: Off Ice of Technology Assessment

The physical reason for the altitude depend-
ence of EMP phenomena can be seen from
figure 138. The tangent to the Earth from the
burst point determines the maximum range at
which the gamma rays can induce intense elec-
tromagnetic fields. The gamma rays initially
generated by the exploding weapon deposit
their energy in a band of the atmosphere be-
tween 15 and 25 miles altitude. The electro-
magnetic field that reaches the surface of the
Earth is generated within this band of at-
mosphere. If the weapon is detonated at a
greater height, the tangent will occur at a
greater ground range from the surface zero
point, and the extent of the gamma ray-in-
duced band will also be greater.

During the initial period of a nuclear attack,
intense electr ic f ie lds f rom high-alt i tude-
nuclear detonations could cause severe dam-
age to electronic equipment. PowerIines, radio
antennas, metal conduits, and other conduct-
ing surfaces would collect EMP energy like
antennas and destroy or disrupt the electrical
equipment to which they were connected.
Even equipment that had been carefully de-
signed to survive the effects of EMP could be
temporarily disrupted for a period after a high-
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Figure 138.—Origin of Electromagnetic Pulse From High-Altitude-Nuclear Explosion

SOURCE: Office  of Technology Assessment

altitude nuclear detonation (for instance EMP-
protected computers could be disrupted by
loss of sections of memory or computation).

Ionospheric Disruption

Since the gamma rays from a high-altitude
nuclear detonation can change the electron
densities in very large regions of the iono-
sphere, the propagation characteristics of
radio waves may change dramatically. A result
of this change could be a “blackout” of radio
communications.

Figure 139 shows the skywave  paths of radio
waves of different frequencies. The D layer of
the ionosphere is responsible for ref Iecting  VLF
and LF radio signals. Nuclear explosions in or
above the D layer would change ionization
levels in the D layer. The effect of this change
would be to lower the altitude at which VLF
and LF signals would be reflected from the
ionosphere. This effect could disrupt com-
munications over long ranges, but it would be
unlikely that VLF and LF communicat ions
would be blacked out by nuclear detonations.

MF radio propagation is normally limited to
groundwaves because the MF radio waves get
absorbed in the D layer before they can reach
the upper layers and be reflected back to the
Earth’s surface. At night, when the lack of
sunlight results in a drop in the ionization of
the D layer, MF radio may propagate to fairly
great distances (see the curve marked night-

time skywave  transmission in fig. 133). For this
reason it is sometimes possible at night to pick
up AM broadcasts from remote transmitters.
Nuclear explosions in or above the D layer
could blackout MF skywave  communications
for hours near the point of detonation.

The HF band is used extensively for long-
range communications. If conditions in the
ionosphere are such that H F waves are not ab-
sorbed, HF waves will be bent back to Earth
when they reach the E and F layers of the iono-
sphere (see fig. 139). HF is particularly useful
for long-range communications because its f re-
quency is high enough that large amounts of
information can be transmitted and yet it is
low enough that the ionosphere will bend it
back to the surface of the Earth.

Nuclear detonations in or above the D layer
could change ionization levels sufficiently to
cause absorption of HF waves in the D layer.
The changed ionization levels could also lower
the altitude at which HF waves were reflected
from the ionosphere (see fig. 140). This change
could result in severely degraded HF communi-
cations for periods of minutes to hours.

A nuclear burst at an altitude of approxi-
mately zoo mi Ies wou Id be expected to disrupt
HF communications over the same area in
which severe EMP would be experienced. The
blackout from such a detonation could last for
hours.
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I n bands above H F, most radio transmissions satellites were not attacked, communications
would suffer varying degrees of degradation at these frequencies would probably not suffer
through the ionosphere. However, provided severe degradation.

Figure 139.—Atmospheric Radio Propagation at Different Frequencies

... -n 1

I .[ ——. d . .  -----*--*-——
u) 240P
a>

-&..-”-–
------  OD.- - - - J\=-

. -. .- -. -. . . . .

200 400 600 800 1000 1200

Approximate ground range in miles
SOURCE Off Ice of Technology Assessment

Figure 140.— Radio Propagation Paths Before and After High-Altitude-Nuclear Explosion
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Chapter 11

DIVERSITY OF U.S. STRATEGIC FORCES

OVERVIEW

Among the many considerations that arise in
the selection of a basing mode for the MX mis-
sile is the perceived need to maintain diverse
U.S. strategic offensive forces. For the past 20
years ,  the United States has deployed a
“Triad” of strategic offensive forces— inter-
continental ball istic missi les (I CBMS), sub-
marine launched ballistic missi les (S LBMS),
and manned bombers—with each “leg” of
roughly equal  importance. Whi le the de-
velopment of these strategic offensive forces
did not occur as a result of a conscious policy
for the procurement and use of strategic nu-
clear weapons, the diverse operational char-
acteristics of U.S. strategic forces described
briefly below have stimulated the formulation
of American nuclear strategies and tactics that
seek to optimize the differing capabilities and
vulnerabilities of each leg of the Triad.

The following discussion assumes that no
matter what basing mode is selected for the
MX missile, the United States will also deploy
future strategic offensive forces composed of
Minuteman ICBMS, manned bombers, and
SLBMS on both Poseidon and Trident fleet bal-
listic missile submarines (SSBNS). For purposes
of OTA’S analysis, the MX missile is regarded
as an additional strategic nuclear weapons
delivery vehicle, rather than a substitute for
any existing U.S. strategic offensive nuclear
weapon. This assumption is consistent with ex-
isting or proposed Defense Department plans.

MX deployed on land in such modes as
multiple protective shelters (MPS), defended
MPS, defended silos, and in silos relying on
launch under attack would continue to pro-
vide the United States with hedges against
changes in the technological environment of
strategic forces. Any of these modes would
l imit  the effects of  fai lures of  American

technology encountered in the modernization
of the bomber and SLBM legs of the existing
Triad. These land-based MX basing modes
would continue to provide a hedge against
Soviet defenses, and would retain the present
character is t ics of  U.S.  st rategic offens ive
forces that make it impossible for the Soviets
to pIan and execute a preemptive attack
against them with high confidence. The land-
based MX basing modes would also retain
those attributes of strategic offensive forces
commonly thought to be the strong points of
existing ICBM forces.

Small submarine basing for the MX missile
would guard against some changes in the tech-
nological environment but not against others.
If the Soviet Union were to suddenly develop
and deploy an unexpected antisubmarine war-
fare capability, it might be effective against
Poseidon and Trident submarines as well as
small submarines carrying MX missiles; there is
also a risk that problems with other U.S. sub-
marine construction programs might apply to,
or be exacerbated by, small submarine con-
struction. Small submarines could acquire
military capabilities quite comparable to land-
based MX deployment options. While land-
based systems would be somewhat more ac-
curate, OTA’S analyses do not clearly indicate
that the differences in accuracy would have
militarily significant practical implications.

There is a controversy over whether increas-
ing the importance of sea-based as opposed to
land-based strategic forces would strengthen
or weaken deterrence.

Air mobile MX would share a common fail-
ure mode with the bomber force, but it would
not be targetable by Soviet ICBMS.

303
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DIVERSITY AND VULNERABILITY

Maintaining three completely di f ferent
types of strategic weapons delivery systems
over the past 20 years has provided the United
States with an insurance policy of sorts against
sudden and unforeseen technological develop-
ments. Diversity complicates Soviet efforts to
plan and execute a preemptive attack on
U.S. strategic forces with high confidence of
success.

Diverse U.S. strategic forces complicate
Soviet use of air defense, antiballistic missile
defense or antisubmarine warfare to prevent
destruction of their homeland in the event of
an attack by the United States. Diversity in
U.S. strategic forces necessitates the division
of Soviet offensive and defensive capabilities
among several  dist inct miss ions, thereby
diluting the resources that can be applied to
any one mission. The possibility of a sudden
and unanticipated technological Soviet de-
velopment rendering any leg of the U.S. Triad
of strategic offensive forces is therefore re-
duced. Even if the Soviets developed an ability
to defend themselves against one leg of the
U.S. Triad, other legs could still carry out their
strategic missions. 

Hence, one criterion that might be used in
comparing and contrasting various MX basing
modes is the degree to which each basing
mode would provide a hedge against vulner-
ability as a result of the technological change.

MX deployed in an MPS basing mode with or
without a low altitude defense system satisfies
this criterion, assuming that preservation of
location uncertainty (PLU) is maintained and
the MX/MPS is deployed on such a large scale
that the Soviets lack the number of reentry
vehicles (RVS) necessary to confidently attack
each MPS. Under these conditions, MX/MPS
would provide a hedge against technical prob-
lems that might be experienced during the
modernization of the manned aircraft and sub-
marine legs of the Triad. The proliferation of
targets in the United States would make it sig-

Wllliam J Perry, The F/sea/ Year 1981 Department of Defense
Program for Research, Development, and Acquisition (Wash-
ington, D C Department of Defense, 1980), p VI-1

nificantly more difficult for the Soviets to plan
and execute a preemptive attack against U.S.
strategic offensive forces. Timing and coor-
dinating an attack against 4,600 MX shelters,
approx imate ly  1 ,000  ICBM s i lo s ,  bomber
bases, and the submarine force with high con-
fidence of success would be a virtually im-
possible task.

MX/MPS might share a vulnerabi l i ty  to
Soviet ABM systems with other U.S. ICBMS or
SLBMS. However, the deployment of a large
MX/MPS system would stress Soviet defense re-
sources in at least two different ways. First, the
Soviets would have to invest heavily in the
fractionation of their own RVS in order to ac-
quire the number needed to destroy each
shelter with high confidence. Second, the
Soviets would have to invest in remote sensing,
clandestine sensors, and espionage if they
were to attempt to compromise PLU. The mag-
nitude of these investments might make it dif-
ficult for the Soviets to pursue other strategic
programs with the same vigor and commit-
ment of resources possible in the absence of
MX/MPS.

Deployment of MX missiles on small sub-
marines provides a hedge against some kinds
of technological change. If a sudden and unan-
ticipated technological development in the
field of antisubmarine warfare were to occur,
and if this development were to simultaneous-
ly threaten the Poseidon/Trident force as well
as the small submarine/MX force, considerable
diversity in U.S. strategic forces would be lost.
However, the small submarine basing mode ex-
amined by OTA would add considerable di-
versity to the U.S. strategic missile submarine
force. Since the nature of a sudden and unfore-
seen hypothetical breakthrough in Soviet an-
tisubmarine warfare capabilities cannot be
predicted, it is impossible to judge the extent
to which diverse submarine types would
complicate or frustrate Soviet antisubmarine
warfare.

Moreover, deployment of MX missi les on
small submarines might not provide an ade-
quate hedge against problems encountered in
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future U.S. submarine construction programs.
Present submarine construction facil it ies in
the United States are backlogged and plagued
by management problems. ’ If these problems
cannot be solved, small submarine deploy-
ment of MX missiles might not be an accept-
able hedge against technical problems or de-
lays in the deployment of Trident submarines
in the late 1980’s. The importation of modern,
proven diesel-electric submarine technology
from our North Atlantic Treaty Organization
(NATO) allies might provide a hedge against
continued problems in U.S. submarine con-
struction programs.

Air mobile MX could be subjected to attack
on the ground just as the manned bomber

“ ’S ta tement  o f  Adm Ear l  Fowler , ”  U S Congress ,  House Com-

mittee on Armed Services, Mar 12, 1981

force might be. In the absence of adequate
warning, both the bomber and air mobile MX
force could be destroyed. Air mobile MX
would hedge to some degree against improve-
ments in Soviet air defenses that might jeop-
ardize the effectiveness of air-launched cruise
missiles or a new penetrating bomber. It would
stress the ability of the Soviet Union to deploy
a large number of SLBMS close to the con-
tinental United States, a capability they do not
have today. It would not be targetable by
ICBMS.

Deployment of MX in silos and reliance on a
doctrine of launch under attack (LUA) com-
pletely fails to meet this criterion. MX/LUA
would share a common mode of failure with
the present Minuteman force that is thought to
be vulnerable to a Soviet preemptive attack
should there be a failure in warning or com-
munications systems.

DIVERSITY AND WEAPONS SYSTEM CAPABILITIES

Present U.S. strategic doctrine emphasizes
the cont inuin g need for strategic offensive
forces that contribute to the deterrence of war
by virtue of their diverse military capabilities.
As Gen. David Jones, Chairman of the Joint
Chiefs of Staff noted in his report to the Con-
gress for fiscal year 1982:

The primary purpose of U.S. strategic
nuclear forces is deterrence. To insure deter-
rence, these forces must be capable of ex-
ecuting national strategy under all con-
ditions — no matter what the challenge, no
matter what tactics an opposing force may
choose. While a force composed of a single
delivery system could be optimum in certain
situations, the United States faces an interna-
tional environment of diverse threats to na-
tional security. To deal effectively with this
wide range of strategic uncertainties, U.S.
strategic nuclear forces are structured around
an array of independent capabilities which can
confront any level of nuclear threat. 3

‘Cen David Jones, United States M//ltary Posture for Fiscal
Year 1982 (Washington, D  C  D e p a r t m e n t  o f  D e f e n s e ,  1 9 8 1 ,

P 69

There is a wide range of military capabilities
believed to be needed for effective deterrence.
The ICBM leg of the Triad has been considered
superior to other legs of the Triad in several of
these military capabilities in the past.4 These
military capabilities include the following:

●

●

●

●

●

accurate delivery of nuclear weapons (ac-
curacy);
the ability to carefully control the time at
which a nuclear weapon arrives on its tar-
get (time-on-target control);
the ability to change targets assigned to
specific strategic nuclear weapon delivery
vehicles rapidly (rapid retargeting);
the ability of strategic forces to respond
quickly to attack orders (rapid response);
and
the ability to use a small number of stra-
tegic nuclear weapon delivery systems in a
flexible, limited manner (flexible use).

“Wllllam ) Perry, The f/sea/ Year /982 Department of Defense
P r o g r a m  f o r  R e s e a r c h ,  D e v e l o p m e n t ,  a n d  A c q u i s i t i o n  ( W a s h -

ington,  D C Depar tment  o f  Defense,  1981,  p  V i - l

8 3 - 4 7 7  0 - 81 - 21
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Accuracy is necessary to attack targets that
have been especially designed to withstand the
effects of nuclear weapons. Such targets might
include missile si los, communications facil-
ities, special ized industr ia l  faci l i t ies,  and
hardened military facilities.

Time-on-target control is required to prevent
the earliest arriving nuclear weapons from de-
stroying subsequent weapons in a multiple
weapon attack against a specific target. Time-
on-target control may also be required in cer-
tain attack tactics in which the destructive ef-
fects of nuclear weapons are compounded
through use of multiple, closely spaced weap-
ons against adjacent targets.

Retargeting of nuclear weapon delivery sys-
tems is desired in those cases where the Presi-
dent chooses an attack option from a menu of
preplanned attack options or alternatively
decides to attack a specific target that might
not be included in a particular attack option.
The abil ity to retarget a strategic nuclear
weapon delivery vehicle may also be required
in the event that some portion of the force is
destroyed and a retaliatory attack against im-
portant targets is ordered. Retargeting of sur-
viving forces would be necessary to ensure
that high-priority targets would be attacked by
surviving forces.

Rapid retargeting is desired to give the Presi-
dent more options as new information is pro-
vided about the scope, magnitude, and appar-
ent political objectives of an attack, or al-
ternatively, to permit maximum flexibility in
the use of a force as it suffers attrition during
the course of an attack against it.

Rapid response to launch orders, referred to
as Emergency Action Messages, may be de-
sired in order to take advantage of current
intell igence about the disposition of high-
value targets. Rapid response may also be
desired in the event that an attack against U.S.
forces is detected, thereby permitting the
launch of forces prior to their destruction.

Flexibility for limited attacks may be desired
so that political decision makers can attempt
to control the pace of escalation, trying to

limit the scope and magnitude of a nuclear war
to a level less than all-out or cataclysmic war.

Comparison of various MX basing modes
against these desired weapon system capa-
bilities leads to the following observations.

MX deployed in an MPS mode with or with-
out defense, in defended silos, or in silos rely-
ing on launch under attack would retain and
increase the military capabilities of the pres-
ently deployed ICBM leg of the Triad of U.S.
strategic offensive forces in terms of accuracy,
time-on-target control, rapid retargeting, rapid
response, and fIexibility for Iimited attack.

Small submarine-based MX would also ex-
pand the military capabilities of U.S. strategic
forces and could come quite close to the land-
based MX basing options. While small sub-
marine based MX would not have accuracy
quite as high as land-based MX, the difference
between the two could be so small as to be of
little practical consequence unless time-urgent
hardened targets of interest in the Soviet
Union were significantly more resistant to nu-
clear weapon effects than currently believed.

Time-on-target control for small submarine
based MX missiles could be comparable to
land-based missiles if the command and con-
trol system deployed to support small sub-
marine-based MX permitted communication of
information needed to plan and execute such
attacks.

Rapid retargeting of small submarine-based
MX missiles could be comparable to land-
based missiles. Retargeting of MX missiles de-
ployed on small submarines to take attrition of
the small submarine force into account could
be more difficult than would retargeting of
land-based MX missiles; however, attrition of
small submarines appears far less likely than
attrition of the land-based MX force.

Small submarine-based MX missiles could
have response times comparable to land-based
MX if the communications systems supporting
them were properly designed and imple-
mented. They would have very great flexibility
for use in limited nuclear exchanges. Unlike
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larger Poseidon or Trident submarines, use of
an MX missile from a small submarine would
compromise the location of only a small frac-
tion of the MX force on station at any given
time. Were one MX used, only three additional
MX missiles would be placed in jeopardy, as
compared with 15 Poseidon missiles or 23 Tri-
dent missiles in the event that one missile were
to be launched from the larger submarines. On
the other hand, the launch of one land-based
MX missile exposes no additional missiles to
possible immediate counterattack.

Air mobile and surface ship mobile MX
might not be quite as accurate as either land-
based MX or small submarine-based MX mis-

DIVERSITY AND

There is a wide range of views on the dif-
ferences among various basing modes for the
MX missile in terms of continued maintenance
of strategic nuclear deterrence. The foIlowing
discussion summarizes the major points of
view.

One view holds that the United States must
retain a substantial portion of its most militari-
Iy capable strategic forces on the continental
United States in order to effectively deter the
Soviet Union from initiating attacks on either
the United States or  our al l ies .  Russel l  E .
Dougherty, retired Commander in Chief of the
Strategic Air Command, summarized this view:

attacking the MX or any other land-based
ICBM located in the American heartland
forces an aggressor into the open. There can
be no ambiguity about an attack of the mag-
nitude required to blunt even a small portion
of the U.S. ICBM force. Such an attack would
involve a very large number of ICBM warheads
with a flight time of about 30 minutes from
Soviet launch sites to U.S. targets. The at-
tacker knows that the intended victim knows
with certainty and in some detail that a strike
has been launched. The attacker also is aware
that the victim has enough time to react to this
unambiguous act, and probably will. 5

‘Ru$sell E D o u g h e r t y ,  “ T h e  M X  Ml$slle system – Keystone of

a Moclern Strategic Nuclear Force, ” A E / Foreign POIICY and De-
fen$e Re~ww, VOI 2, No 6, December 1980, p 7

siles. In addition, the need for aircraft carrying
MX missiles to take off and reach altitude to
drop missiles or surface ship carrying MX mis-
siles to deploy to areas within range of land-
based miss i le navigat ion aids would sub-
stantially reduce their ability to exercise time-
on-target control and responsiveness. Further-
more, these operational requirements might
provide the Soviets with strategic warning of a
pending American attack.

Surface ship mobile would provide con-
siderably less flexibility for limited use, given
that the use of one MX missile would com-
promise the location of large number of un-
used missiles carried aboard the surface ship.

DETERRENCE

Hence, deployment of the MX missile on land
drives up the threshold of attacks on the
United States,  r i sk ing perhaps mi l l ions of
American civilian casualties, and, at least in
this view, assuring American retaliation. De-
ployment of air mobile MX would have similar
consequences were the Soviets to attempt to
attack this mode.

Another view holds that deployment of the
MX on the continental United States is polit-
ically important in the context of broader U.S.
efforts to win support for NATO theater nu-
clear forces modernization and promotion of
meaningful negotiations for Mutual and Bal-
anced Force Reductions in Europe.

Adherents to these views tend, therefore, to
look with disfavor on the deployment of MX
missiles on either small submarines or surface
ships arguing that retention of the current
balance of capability among land-, sea-, and
air-based legs of the Triad is essential to the
maintenance of deterrence.

Others believe that the United States need
not create additional targets on the continen-
tal United States with the selection of a basing
mode for the MX missile. Retention of Minute-
man ICBMS, bomber bases, submarine bases,
and the addition of shore support facilities for
either small submarine basing of MX missiles
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or surface ship mobile MX would still force the of radioactive fallout from an attack on MX/
Soviets to expend a sufficiently large fraction MPS, MX/defended MPS, air mobile MX, or
of its strategic forces to make clear its intent. silo-based MX. As a result deterrence could be

strengthened because the United States would
Deployment of MX missi les at sea, it is be better able to exercise escalation control

argued, reduces the amount of damage that with less of its population at risk as a result of
might be done to the United States as a result the MX basing at sea.
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Chapter 12

ARMS CONTROL CONSIDERATIONS
AND MX BASING OPTIONS

OVERVIEW

This chapter discusses several ways in which
arms control considerations bear on the choice
of a basing mode for the MX missile. These
include the impact of arms control agreements
in force, the impact of agreements signed but
not yet ratified, and the possible impact of
various MX basing modes on future arms con-
trol negotiations. *

The 1972 ABM Limitation Treaty would pro-
hibit the deployment of MX missiles in any
mode defended by an antiball istic missi le
(ABM) system unless such deployments oc-
curred with in the Grand Forks ,  N.  Dak. ,
Minuteman field. The Treaty would also pro-
hibit the deployment of ABM systems that
were not of a type explicitly permitted by Arti-
cle I II.

The Seabed Arms Control Treaty would
prohibit deployment of MX missiles in fixed
shelters on the seabed floor or on any seabed-
mobile platform. The Outer Space Treaty
presently in force and the proposed SALT II
Treaty would prohibit deployment of MX mis-
siles in any mode which launched nuclear
weapons into Earth orbit. None of these basing
modes appears attractive at this time.

Other arms control agreements either in
force or still awaiting ratification would permit
most MX basing modes. The proposed SALT II
Treaty would prohibit deployment of surface
ship mobile based MX as well as inland water-
way variants of surface ships, submarines, or
deployment on the bottom of lakes, rivers,
canals, or other inland waterways. The SALT I

‘This dl~cusslon IS restricted to an assessment of the arms con-
trol Impllcat}ons of basing mode options only For a detailed
analysts of the arms control Impllcatlons  of the MX mlsslle  Itself,
see “ ICBM Programs, ” In U S Congress, House Committee on
F o r e i g n  Affairs  and Senate C o m m i t t e e  o n  F o r e i g n  Relatlons,

FIJca/ Year /982 Amr$ Control Impact  Statements (Washington,
D C U S Government Prlntlng Off Ice, 1981), pp 26-71, passlm

Treaty would not prohibit other basing modes
assessed in this study if deployments could be
made in a manner that would permit verifica-
tion, through use of national technical means,
of U.S. compliance with the terms of the Trea-
ty were it in effect.

Minuteman III  rebasing in a multiple pro-
tective shelter (MPS) mode could be under-
taken if the SALT II Treaty limits were still in
effect after 1985; however, the Iimits on the
total  number of  MlRVed bal l i s t ic miss i les
would, if sti l l  in effect, prevent the United
States from deploying an economical mix of
missiles and shelters for Minuteman IIl/MPS to
keep pace with plausible Soviet theats unless
the  number  o f  U . S .  submar ine- launched
ballistic missiles (SLBMS) armed with multiple
independently targetable reentry vehicles
(Ml RVS) deployed were decreased.

The 1963 Limited Test Ban Treaty that is
presently in force, and the 1974 Threshold
Nuclear Test Ban and the 1976 Peaceful Nu-
clear Explosions Treaties that are signed but
still awaiting U.S. ratification, contain provi-
sions that limit the ability of the United States
and the Soviet Union to conduct nuclear
weapons explosions useful in generating em-
pirical data that would be helpful in designing
both basing modes and attack strategies
against them.

Most basing modes for the MX missile pose
relatively few future arms control negotiating
problems. MPS basing for MX and Minuteman
III raises serious negotiating problems because
a very high premium is placed on limiting the
number of RVS the Soviets can deploy on
intercontinental balI istic miss i les ( ICBMS).
MPS also would compel arms control nego-
tiators to specify procedures for verification at
a level of detail not successfully negotiated in
earl ier arms control negotiations.

311
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BASING MODES INCONSISTENT WITH
ARMS CONTROL AGREEMENTS IN FORCE

Most basing modes considered for the MX
missi le are not prohibited by arms control
agreements currently in force. However, three
treaties contain specific provisions that would
be contravened by some basing modes for the
MX missile.

ABM Treaty

As noted in chapter 3 the 1972 ABM Limita-
tion Treaty prohibits widespread ABM deploy-
ment to defend MX missi les in any basing
mode. In addition, it also constrains deploy-
ment of a limited ABM system in numbers of
radars, ABM launchers, and ABM interceptor
missiles and restricts such deployment to the
vicinity of the Grand Forks, N. Dak., Air Force
Base.

Outer Space Treaty

Article IV of the 1967 Outer Space Treaty
provides:

States Parties to the Treaty undertake not to
place in orbit around the Earth any objects
carrying nuclear weapons or any other kinds of
weapons of mass destruction, install such
weapons on celestial bodies, or station such
weapons in outer space in any manner.

This prohibition would be a legal barrier to any
deployment of MX missiles that were used to
launch nuclear weapons into Earth orbit under
any circumstances. *

There are major technical obstacles to the
deployment of mil itari ly effective nuclear
weapons aboard Earth-orbiting platforms.
These obstacles include accurate delivery of a
nuclear weapon to a fixed point on the Earth
and maintenance of adequate command and
control over an orbiting platform during a nu-

“’Outer Space Treaty, ” in U.S Arms Control and Disarma-
ment Agency, Arms Control and Disarmament Agreements, 1980
Edition (Washington, D C U S. Government Printing Office,
1980), p 52 Cited below as Arms Contro/ Agreements.

*A similar obligation IS found in the proposed SALT I I Treaty.

clear conflict. Launching nuclear weapons into
orbit cannot now be regarded as a technically
attractive basing mode for the MX missile.

Seabed Treaty

A third arms control treaty containing pro-
visions that would rule out a basing mode that
is technically feasible is the 1971 Seabed Arms
Control Treaty. Article 1 provides:

1. The States Parties to this Treaty
undertake not to emplant or emplace on the
seabed and the ocean floor and in the subsoil
thereof beyond the outer limit of a seabed
zone, as defined in Article 11, any nuclear
weapons or any other types of weapons of
mass destruction as well as structures,
launching installations or any other facilities
designed for storing, testing or using such
weapons. 2

This provision would prohibit the deployment
of MX miss i les on var ious platforms that
crawled along the seabed floor, in silos dug
in to  the  ocean f loo r ,  o r  i n  o the r  f i xed
structures attached to the ocean floor.

Mobile platforms that crawled along the
seabed floor would be detectable with various
underwater remote-sensing equipment. Like
other large land-mobile systems, seabed crawl-
ing platforms would not be fast enough to
escape a determined effort to barrage attack
their last known positions. While the ocean
would provide some degree of protection from
some nuclear weapon effects, seabed crawlers
carrying MX missiles would nevertheless be
vulnerable to nuclear weapons attack. Fixed
shelters or si los dug into the seabed floor
wouId have similar vulnerabiIities.

Moreover, there would be many compli-
cated, expensive, and technically challenging
operational problems to be met before such a
system could be deemed a technically feasible

“’Seabed Arms Control Treaty, ” In Arm\ Contro/ A~reempnt$

p 102
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basing mode for the MX missile. Hence, it does Treaty prohibits the deployment of the MX
not appear that the Seabed Arms Control missile in any attractive basing mode.

OTHER ARMS CONTROL AGREEMENTS IN FORCE
AFFECTING MX BASING DECISIONS

Limited Nuclear Test Ban Treaty

The 1962 Limited Nuclear Test Ban Treaty
prohibits the detonation of nuclear explosive
devices in the atmosphere, under water, and in
outerspace. 3 These l imitat ions on nuclear
weapons testing prevent the United States or
the Soviet Union from conducting nuclear
explosions that could generate empirical data
about nuclear weapons effects that might be
needed to resolve major  technical  un-
certainties in areas such as the following: the
hardness of vertical and horizontal protective
shelters; nuclear weapon effects on aircraft,
surface ships, and submarines, or other vehi-
cles used to carry MX missiles; the effects of
nearby nuclear detonations on ABM systems
and components; nuclear weapons effects on
communications during and immediately after
an attack; the effects of multiple nuclear
weapon detonations in close proximity to a
small number of protective shelters; and the
development of strategies and tactics to
attack or to defeat an attack on M X / M P S
deployments. However, the amount of tech-
nical risk for each basing mode introduced by
the lack of atmospheric nuclear weapons test
data is relatively minor in comparison with
technical risk created by other factors.

SALT I Agreements

The SALT I Agreements of 1972 contain sev-
eral provisions that might affect MX basing
decisions. The SALT I Agreements consist of
two separate agreements:  The 1972 ABM
Limitation Treaty previously discussed, and
the Interim Agreement on Strategic Offensive
Forces. ’ The Interim Agreement on Strategic

‘“L Imited Test  Ban Treaty, ” art I In Ibid , p 42
4 “ I nterlm Agrtwrnent on Strategic Of fen\lve Arms, ” In Iblcj ,

p p  1 5 0 1 5 7

Offensive Forces, however, was an Executive
Agreement and was affirmatively endorsed by
the House of Representatives and the Senate
pursuant to section 33 of the Arms Control and
Disarmament Act of 1961. It set limits on the
numbers of ICBM and SLBM launchers that the
United States and the Soviet Union could de-
ploy for the period May 1972 through October
1977, When it expired, both the U.S. and the
Soviet Governments indicated that pending
the completion of negotiations for a SALT II
Treaty, they would continue to abide by the
terms of the Interim Agreement unless or until
the other party to that agreement undertook
an action that was inconsistent with the terms
of that agreement. 5b

Article I of the Interim Agreement prohibits
the construction of additional fixed land-based
ICBM launchers after July 1, 1972.7 Hence if
the Interim Agreement were still de facto in
effect when the MX was to be deployed, MX
basing in silos would be limited to modified
Minuteman silos rather than new ones.

5“Statement by Secretary of State Vance United States Intent
Regarding the SALT I Interim Agreement, September 23, 1977, ”
In U S Arms Control and Disarmament Agency, Documents on
Disarmament, 1977  (Washington, D C U S Government Printing
Off Ice, 1979), pp 577-578

Secretary of State Vance Issued  the following statement
I n order to m a Int aln  the status quo w h I Ie SA I T I I negot I at Ions  are

being completed, the United States  de{  Iares  lt~ Intent Ion not to take
any  action Inconsistent with the provisions of the Interim Agreement
on certain measures  with re~pect  to the I Imltatlon of ~trateglc  of fen-
SIVe arms which expire~  0[ tober 3, 1977, and with the goals  of these
ongoing negotlatlon~  provided  the Soviet Un Ion  exercises similar
restraint

“’Statement by the Soviet  Union Intent Regarding the SALT
Interim Agreement, Sept 24, 1977, ” Ibid , p 578

I n ac( ordance  with the reacflness  expressed by both $Icfes  to com-
plete a new agreement Ilmltlng  ~trateglc  offensl~  e arms and In the in-
terests  of malntatnlng  the status quo whl Ie the talks  on the new
agreement are being cone Iuded, the Soviet Unton  expresses Its lnten-
tton  to keep  from anv  a( tlons [compat ib le  wtth the prov is ions of
the Interim agreement on some  measures  pertaining to the Ilmltat Ion
ot >trateglc  offensive arms which expires on October 3, 1977, and
w It h the  goa Is ot the ta Iks that are being conducted, provided that
the  U nlted States  of America show~  the same  restraint

7 “ Interim Agreement, ” In Arms Contro/  Agreements, p 150
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Modernization of SLBM platforms is specifi-
cally permitted under article IV of the Interim
Agreement, so deployment of both the Trident
submarine and small submarines armed with
MX missiles would be allowed were the terms
of the Interim Agreement still being observed
at the time MX deployment was made.8

During the final hours of the SALT I nego-
tiations, Department of Defense (DOD) Repre-
sentat i ve  Pau l  N i t ze  spoke  fo r  the  U .S .
Government on the question of land-mobile
ICBMS. Nitze said:

In connection with the important subject of
land-mobile ICBM launchers, in the interest of
concluding the Interim Agreement the U.S.
Delegation now withdraws its proposal that
Article I or an agreed statement explicitly
prohibit the deployment of mobile land-based
ICBM launchers. I have been instructed to
inform you that while agreeing to defer the
question of limitation of operational land-
mobile ICBM launchers to the subsequent
negotiations on more complete I imitations on
strategic offensive arms, the U.S. would
consider the deployment of operational land
mobile ICBM launchers during the period of
the Interim Agreement as inconsistent with the
objectives of that Agreement.9

The purpose of this statement was to warn the
Soviet union that the united States would con-
sider the deployment of the SS-16 in its mobile
mode to be legitimate grounds for terminating
the Interim Agreement. It was not intended to
preclude U.S. deployment of a mobile ICBM at
some future point in time if agreement on
measures to ensure adequate verification of a
SALT treaty limiting offensive forces could be
negotiated.

The Protocol to the Interim Agreement lim-
its to 710 the number of SLBM launchers per-
mitted for the United States. The Protocol fur-
ther provided that both the United States and
the Soviet Union could exchange retir ing

‘Ibid , p 151
“’Unitateral Statement [B]: Land-Mobile ICBM Launchers, ”

Ibid , p 156

ICBMS dep loyed pr io r  to  1964  fo r  new
SLBMs. ’O However, President Nixon informed
the Soviet Government that the United States
would not exercise its right under the provi-
sions of Article 11 I of the Protocol to convert
older ICBMs into newer SLBM launchers.

The number of SLBM launchers deployed by
the United States would exceed 710 if de-
ployment of MX missiles on small submarines
were to take place, the 31 SSBNS built in the
1960’s armed with Poseidon and Tr ident
missiles were retained in the fleet, and more
than nine Trident submarines were to be
deployed simultaneously. A judgment on the
strategic uti l ity of continuing into the late
1980’s and 1990’s to adhere to the terms of the
1972 Interim Agreement on Strategic Offen-
sive Forces would require considerable tech-
nical and political analysis as the number of
deployed MX missiles on small submarines, Tri-
dent submarines, and remaining Poseidon sub-
marines approached the limit of the Interim
Agreement.

The second component of the SALT I Agree-
ments relating to MX basing is the 1972 ABM
Limitation Treaty discussed in chapter 3. The
ABM Limitation Treaty prohibits the deploy-
ment of the LoADS ABM system or the present
concept of an Overlay ABM to defend MX mis-
siles deployed either in MPS or in silos. It also
prohibits the deployment of Soviet defenses
that in turn might substantially increase the
need for larger numbers of U.S. strategic
weapons carried aboard both ICBMS and
SLBMS. The value of deploying MX in any
mode protected by any ABM system must be
weighed against the uncertainties in U.S. stra-
tegic planning and increases in strategic forces
requirements that might be introduced with
the deployment of a Soviet ABM system.

‘“’’ Protocol to the Interim Agreement, ” in ibid , p. 154
‘ ‘The evolution of the limits on the number of modern sub-

marine launched ballistic missile launchers in the SALT I in-
terim Agreement Protocol are discussed In great detail In Gerard
C Smith’s book, Doubletalk: The Story of SALT  (Garden City,
N Y Doubleday, 1980) See especially pp 393-397 and p 428
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IMPACT OF SALT II ON MX BASING

The SALT II Treaty, signed June 18, 1979, in
Vienna, Austria, would substantially affect MX
basing options were the Treaty to be ratified
and were its terms to remain in effect beyond
December 31, 1985. The Treaty was intended
to limit equally the total number of strategic
nuclear weapons delivery vehicles in the
arsenals of the United States and the Soviet
Union, to place an upper limit on the total
number of nuclear weapons carried by ICBMS,
SLBMS, and long-range bombers equipped with
cruise mi s s i le s ,  o r air-to-surf ace ballistic
missiles, and to inhibit the development of
new types of ICBMS. It was also intended to
build confidence in the ability of the two na-
tions to coexist without fear of an unremitting
strategic arms race by providing for an ex-
change of data on strategic nuclear weapons,
establishing rules for the monitoring of each
other’s compliance with the terms of the trea-
ty, exchanging information on certain ac-
tivities that might be ambiguous, and continu-
ing the negotiating process leading to one or
more subsequent Strategic Arms Limitation
Agreements. 2

The Treaty was submitted to the Senate on
June 22, 1979, where extensive hearings were
held by both the Committee on Foreign Rela-
tions and the Committee on Armed Services.
Before the Senate could take up the report of
the Foreign Relations Committee on the pro-
posed ratification of the Treaty, the Soviet
Union invaded Afghanistan and President Car-
ter formally requested the Senate on January
3, 1980, to defer further action on the Treaty.
The President said in his letter to Senator
Robert Byrd:

In light of the Soviet invasion of Afghan-
istan, I request that you delay consideration of
the SALT I I Treaty on the Senate floor.

The purpose of this request is not to with-
draw the Treaty from consideration, but to de-

fer debate so that Congress and I as President
can assess Soviet actions and intentions, and
devote our primary attention to the legislative
and other measures required to respond to this
crisis. 

The United States has signed the Treaty, as
has the Soviet Union; however, the Soviet
Union has not ratif ied the Treaty, and has
stated that it will not do so until the United
States indicates whether or not it will complete
the ratification process as is required by the
U.S. Constitution. The United States has not
completed ratif ication of the Treaty, since
two-thirds of the Senate has not given its ad-
vice and consent to do so.

During this period between signature of the
Treaty and either its ratification or rejection,
common understanding of international law
requires the United States to take no action in-
tended to defeat the purposes for which the
SALT II Treaty was negotiated.14 The Reagan
administration has publicly taken the position
that it does not believe itself bound by the
limits of the agreement pending completion of
a careful review of the Treaty. 15 Nevertheless,
the United States has observed those provi-
sions of the Treaty imposing quantitative and
qualitative limitations on American strategic
nuclear forces.
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There are several provisions of the proposed
SALT II Treaty that would affect the deploy-
ment of the MX were the terms of the Treaty in
force in 1986 or beyond. Some of the Treaty
provisions affect basing modes directly; other
provisions of the Treaty might affect the
testing, operation, or cost of MX deployment,
or might require design changes in various
basing modes to facil itate monitoring the
deployment of mobile ICBMS for compliance
with the terms of the Treaty.

Four basing modes would be explicitly pro-
hibited under terms of the SALT I I Treaty were
the Treaty in force when the MX would be
deployed:

.

2.

3.

4.

Deployment of MX missiles in new, fixed
ICBM silos would be prohibited under
provisions of article IV. 
Surface ship mobile deployment of MX
missiles would be prohibited under provi-
sions of article IX. 7

Deployment of  MX miss i les  on in land
waterways, lakes, or the bottoms thereof
would be prohibited under provisions of
article IX. 
Deployment of MX missiles in any basing
mode to launch nuclear weapons into
Earth orbit would be prohibited under
provisions of article IX.

Article II of the Treaty defines ICBM launch-
ers countable under the Treaty. MX research,
development, and test launchers must be
unique to the MX missiles unless the United
States would be willing to have less capable
missiles and their launchers counted under the
SALT  I I  l im i t s . ’ ”  Fo r  example ,  mob i le  in -
termediate range ballistic missiles would be
countable under the SALT I I Treaty limits if
they were tested from MX development fa-
cilities or MX deployment sites.

Deployment of MX missiles by backfitting
them into existing Minuteman silos would be
permitted under terms of the SALT II Treaty,

1“’SALT I I Treaty, ” art IV, In Arms Control Agreements, p 215.
“Art IX, clause l(a), ibid , p 225
“Art IX, clause l(b), Ibid
‘9Art  IX, clause l(c), ibid
‘“Art 11, Ibid , pp 208-214

even i f  ex is t ing Minuteman s i los  requi red
modification to support the larger MX mis-
sile. 2’ Deployment of MX missiles to Minute-
man II silos would, however, by definition in-
crease the number of Ml RV-countable launch-
ers, thereby bringing the United States closer
to or even exceeding the allowed number of
MIRVed ballistic missiles under provisions of
the Treaty. 22

While the SALT I I Treaty permits moderniza-
tion and improvements of ICBMS and their
launchers, there is disagreement between the
United States and the Soviet Union as to
whether or not multiple protective shelters
constitute fixed ICBM launchers within the
context of article IV.

The Soviet position is that multiple protec-
tive shelters are but one form of fixed ICBM
launchers. ”

The U.S. position is that so long as the multi-
ple protective shelter cannot launch an MX
miss i le without the aid of  an associated
launcher that contains launch support equip-
ment including power supplies, environmental
control equipment, communications equip-
ment, and other missile support equipment,
the shelters would not meet the definition of a
fixed ICBM launcher found in article 11 of the
Treaty. MPS basing for MX would therefore be
permitted were the SALT I I Treaty in force
when the MX was deployed. 24

Article XV of the Treaty requires that any
deployment of the MX missile be made in a
manner that would permit the unimpeded use
of technical means of verification to monitor
U.S. compliance with the provisions of the

“Art  IV, ibid , pp 214-215
“Art V, Ibid , pp 220-221
“The  Soviet position  on MPS deployment for the MX or Min-

uteman missiles IS described by Strobe Talbott,  in “Keeping the
Options Open, ” Endgame: The Inside Story of SALT // (New York
Harper & Row, 1979, 1980), p 162-173, on the basis  of Interviews
with senior U S officials Authoritative unclassified discussion of
the Soviet position on this issue is presented in, U.S Congress
Senate Committee on Foreign Relations, SALT // Treaty (Wash-
ington, D C U S Government Prlntlng Office, 1979), Part 4, pp
433-437 and Part 5, pp 278-280, 291, 301-302

*“lbld , see also, “Statement of Ambassador Ralph Earle, ” in
U.S Congress, Senate Foreign Relatlons Committee, Ibid , pt 4,
pp 436
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ployment sometime in the future may m a k e
the distinction between horizontal and vertical
shelters significant.

Rebasing Minuteman Ill missiles in an MPS
mode would be constrained were the terms of
the SALT Ii Treaty in force in 1986 when such
deployments could begin. The number of Min-
uteman I I I missiles that could be deployed
would be limited under terms of article V such
that the total number of ICBMS and SLBMS
equipped with MIRVS could not exceed 1,200,
and the total number of bombers equipped
with air-launched cruise missiIes, MIRVed
ICBMS, and MIRVed SLBMS could not exceed
1,320.26 DOD has proposed to deploy up to 172
B-52 aircraft equipped with air-launched cruise
missiIes,27 and as many as 760 MIRVed SLBMS
in the late 1980’s,28 leaving room for only 388
MIRVed ICBMS under the proposed ceiling on
aggregate number of MIRVed strategic nuclear
delivery vehicles in the SALT II Treaty.

Rebasing of Minuteman Il l missi les could
therefore disrupt current plans to deploy a
fleet of MIRVed Poseidon and Trident SLBMS,
B-52 bombers equipped with air-launched
cruise missiles, and retention of the present
Minuteman Ill force. Furthermore, the small
number of missiles that could be deployed
within the SALT 1I Treaty limits were they in
force beyond 1985 would constrain a Minute-
man I I l/MPS system to a MX of Minuteman III
missi les and shelters that would cost con-
siderably more than the optimal mix.

Quest ions on status of  vert ical  shelters
noted above in connection with MX/MPS
would also require resolution for rebasing of
Minuteman I I I  miss i les .  Ver i f icat ion i ssues
arising in connection with MX/MPS would also
arise in the case of rebasing of the Minuteman
III missiles in an MPS mode.

Other basing modes for the MX not explicit-
ly prohibited by the SALT II Treaty do not ap-
pear to be as stressful to the monitoring
capabilities of either the United States or the
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Soviet Union as MX or Minuteman Ill deployed
in an MPS mode. Silo basing, with or without
defense, can be monitored readily by national
technical means in the same manner that cur-
rent deployments of MIRVed ICBMS are moni-
tored. Air-mobile basing of MX could be moni-
tored through national technical means just as
present bomber deployments are monitored.
In addition, air-mobile deployment of MX if
undertaken within the terms of the SALT I I
Treaty would require the use of aircraft with
Functionally Related Observable Differences
(FRODS). Such measures might include the use
of specifically designed aircraft unique to the
air-mobile MX mission or the structural modi-
fication of other aircraft of similar types to aid
in their identification as MX missile launching
platforms through use of national technical
means of verification. These measures would
facilitate counting the MX-carrying aircraft
and missiles under the aggregate Iimits on stra-
tegic nuclear delivery vehicles and the MI RV-
ed ICBM sublimits.

OTHER PENDING ARMS
AFFECTING

Like the 1962 Partial Test Ban Treaty, the
1976 Threshold Nuclear Test Ban Treaty and
the 1978 Peaceful Nuclear Explosions Treaty
do not directly limit any MX basing decision.
These two treaties, still awaiting U.S. ratifica-
tion, nevertheless impose limits on certain U.S.
Government activities that in turn affect re-
search and development activities related to
MX basing issues.

The Threshold Nuclear Test  Ban Treaty
limits the yield of underground nuclear explo-
sions to not more than 150 kilotons. 29 I n so do-
ing, it limits the ability of the United States to
conduct reseach and development on the
structural hardness and resistance to nuclear
effects of MPS horizontal and vertical struc-
tures, command and control systems, com-
mand post structures, and vehicles. The Peace-

-“’’’Threshold Test Ban Treaty, ” In Arms CorJtrO/ Agreements,
pp 167-170

Small submarine basing for the MX missile
could be verified relying on the techniques and
technologies presently used to count deployed
SLBMS.

The SALT II Treaty, were it ratified, would
have some effect on the MX basing mode deci-
sion, ruling out new ICBM silo basing, surface
ship mobile basing, inland waterway basing,
and orbital bombardment systems on legal
grounds. Other basing modes for the MX mis-
sile would be permitted, and with the excep-
tion of MPS basing for MX or Minuteman Ill
appear to present few technical challenges to
the capabilities of either the United States or
the Soviet Union to adequately verify each
other’s compliance with terms of the proposed
SALT I I Treaty were the Treaty still in force in
the per iod 1986 through the 1990’s  and
beyond.

CONTROL AGREEMENTS
MX BASING

ful Nuclear Explosions Treaty limits nuclear ex-
plosions for peaceful purposes to a yield of
150 kilotons. It also imposes certain additional
limitations on the instrumentation of such ex-
plosions intended to reduce the likelihood that
a peaceful nuclear explosion might be used to
hide either nuclear weapons development ac-
tivities or tests for various nuclear weapon ef-
fects. 30 Hence, these two treaties, like the Par-
tial Test Ban Treaty, iimit to some degree the
ability of the United States to test the hardness
of various MX basing modes to the nuclear ef-
fects environment in which they might be re-
quired to operate.

It is important to note, however, that the
underground nuclear testing program con-
ducted by the U.S. Government in recent
years, chemical explosion simulation tests,
other dynamic stress tests, nondestructive

“’’’Peaceful Nuclear Explosions Treaty, ” Ibid , pp 173-189
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tests, and simulations have provided a wealth MX development, there is widespread confi-
of data necessary to design the MX missile and dence in the ability of the missile to be built
various possible basing modes for it. As a and operated within the design specifications.
resu

It

t of “this vigorous test program related to

FUTURE ARMS CONTROL NEGOTIATIONS

IS very difficult to predict confidently the
future course of international arms control
negotiations. T h e  r e c e n t  h i s t o r y  o f  t h e
Strategic Arms Limitation Talks between the
United States and the Soviet Union serves to il-
lustrate the multiple technical and political
problems confronting would-be arms control
negotiators. ‘

However, both the United States and the
Soviet Union, despite obvious difficulties in
bringing the SALT I I Treaty into force, have
stated their continuing hope for eventual
resumption of arms control negotiations. Dur-
ing ceremonies welcoming Chancellor Helmut
Schmidt of the Federal Republic of Germany,
President Reagan reaffirmed the commitment
of the United States to negotiations leading to
the reduction of arms in Europe within the
SALT f ramework.  The Pres ident promised
“meaningful negotiations as to Iimit those very
weapon s.”

The Soviets too have expressed their con-
tinuing desire for a resumption of arms control
negotiations. For example, Leon id Brezhnev,
General Secretary of the Communist Party of

“See tor example, te~tlmony of various publlc officials  and
private witnesses on the pro; and cons of the ratlflcatlon  of the
SAL T II Treaty In U S Congress, Senate Committee on Foreign
Relatlons,  ‘5AL T II Treaty, Volumes f Through 5 (Washington,
D C U S Government Prlntlng Off Ice, 1979), U S Congress, Sen-
ate Comm Ittee on Armed Services, M1/ltary  /mp/icatlons of the
SAL T // [reaty, Vo/umes I Through 6 (Washington, D C U S
Government Prlntlng Off Ice, 1979) See also Strobe Talbott,  op
clt , Robert P La brie, SALT HandbooL’ Key Documents and
/$51)e$, 1971- /979 (Washington,  D C American Enterprise ln-
stltute, 1979) For an Intere\tlng  account of Soviet views on the
problems  of negotiating SALT, see Samual B Payne, Jr , The
$o~ let Union and SALT (Cambridge, Mass MIT Press, 1980)

““Vlslt  of Chancellor Helmut Schmidt  of the Federal Republlc
of Germany, ” w eehly  Cornp//at/on of Prestdentla/ Documents,
VOI 17, No 21 (May 25, 1981), p 547 The commitment of the
United State~ to renew arms control efforts was made by Sec-
retary Halg to the NATO Foreign Mlnlsters during hls speech of
May  4, 1981 See John M Coshko,  “ Halg Tells NATO of New
Plan for Talk$ With Soviets, ” Lt a$hlngton  Post, May 5, 1981

the Soviet Union, in speaking to the 26th Con-
gress of the Party, said:

We once more issue an urgent appeal for re-
straint in the sphere of strategic armaments.
The peoples of the world must not be allowed
to live under the threat of a nuclear war being
unleashed. The I imitation of strategic arms
and their reduction is an extraordinary prob-
lem. On our part, we are ready to continue
without delay appropriate talks with the
United States of America while preserving
everything positive that has been achieved up
to now in this sphere.

The interest of both the United States and
the Soviet Union in continuing their bilateral
dialog on arms control suggests a need to
understand better the impact of the MX basing
decision on some of the problems arms control
negotiators may face in the future.

MX missiles deployed in silos, on small sub-
marines, or in an air mobile mode present few
new arms control negotiating problems. These
basing modes are either extensions of existing
basing modes for strategic nuclear weapons
delivery vehicles (SNDVS) or have been previ-
ously considered during the Strategic Arms
Limitation Talks. * As a result there appear to
be few new or unique arms control negotiating
or verification problems associated with these
basing modes. Extension of past arms control
negotiating and verification practices would
enable both the United States and the Soviet
Union to conclude an arms control agreement

) “’Proceedings of the 26th CPSU Congress, Volume 1 Brezh-
nev Report, ” [n Foreign Broadca$t  Publication Ser;ice,  Dal/y
Report  Soviet Union, VOI I I 1, No 36, Supplement 1, Feb 24,
1981, p 20

‘Air-to-surface balllstlc mls$iles and the atrcraft  carrying them
would be a permitted MX basing mode were SALT I I In effect In
the late 1980’s provided the mlsslles were not tested before the
expiration of the Protocol to the SALT I I Treaty on Dec 31, 1981,
and that the aircraft carrying the mlsslles were equipped with
FRODS  to fac II It ate verlf Icatlon
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permitting deployment of the MX missile in
one or more of these modes which would still
be verifiable using national technical means.

Surface ship mobile deployment of the MX
missile, as noted earlier, is prohibited by the
terms of the SALT I I Treaty because no for-
mula could be negotiated to permit adequate
verification without reducing surface ship
mobile ICBM survivability to an unacceptable
level. The principal arms control negotiating
problem is the development of a formula per-
mitting deployment of surface ship mobile MX
in a relatively survivable manner on the one
hand, and adequate verification of the number
of missiles so deployed on the other. U.S. de-
ployment of a surface ship mobile MX would
establish a precedent for Soviet deployment of
a comparable system. However, the United
States would want to be certain that the ability
to count the number of Soviet surface ship
mobile ICBMS would not be unduly hindered
should the Soviets opt for a mobile ICBM
deployed in that mode at some time in the
future. The problem from a weapon system
survivabil ity perspective is that steps that
might be taken to faciIitate arms control agree-
ment verification rapidly reduce the surviva-
bility of surface ship mobile based ICBMS (see
ch. 7 of this report).

Deployment of MX missiles on surface ship
platforms equipped with FRODS to aid veri-
fication of an arms control agreement would
facilitate detection, identification, and main-
tenance of trail at sea, thereby reducing sur-
vivability to a very low rate. Limiting areas of
surface ship mobile operation would facilitate
counting the vessels, but would also permit the
Soviets to concentrate their antisurface war-
fare-monitoring assets on the general areas of
deployment, thereby reducing the long-term
survivability of the surface ship platforms.

MX missiles deployed in an MPS mode with
or without defense would radically alter the
arms control negotiating environment.

The number of ICBMS deployed in fixed
silos cannot be readily augmented without
considerable testing of alternative means for

launching missiles. The time consumed and
the highly visible activities involved in the con-
struction of ICBM silos make it highly unlikely
that such silos could be deployed in large
numbers without being detected by national
technical means of arms control agreement
verification. Other techniques for launching
ICBMS might be developed that would go un-
not iced,  but  such  techn iques  cou ld  be
detected when and if extensive testing were to
occur.

Uncertainty about the possibility of detect-
ing a clandestine deployment of ICBMS makes
it difficult for either the United States or the
Soviet Union to justify the risks of clandestine
ICBM deployment unless such a deployment
could be large enough to make a significant
difference in the strategic balance. While judg-
ments as to the number of clandestinely de-
ployed ICBms or RVS will vary among analysts,
t h e  t h r e s h o l d  f o r strategic significance
diminishes quickly as the number of ICBMS
and/or RVS permitted decreases.

MPS deployment by the Soviets for a future
land-mobile ICBM might create a situation in
which they would find it relatively easy to
either openly abrogate or clandestinely violate
on arms control treaty limiting the number of
land-mobile ICBMS deployed. An MPS system
would deploy an entire infrastructure of mis-
sile shelters, command and control systems,
transportation systems maintenance facilities,
personnel, and other resources needed to sup-
port  any mobi le ICBM. Rapid,  overt  de-
ployment of stockpiled missiles (“breakout”)
in excess of future treaty limitations in a sud-
den, open act of treaty abrogation might there-
fore be an attractive, relatively low cost option
for increasing Soviet strategic forces.

The existence of the MPS infrastructure
might also encourage clandestine attempts to
deploy excess land-mobile ICBMS. Such de-
ployments could be especially difficult to de-
tect after they had occurred, and MPS deploy-
ment of land mobile ICBMS might lead to a
situation in which it would not be possible to
adequately verify violation of an arms control
agreement.
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MX/MPS creates an unprecedented need for
future arms control agreements to specify
cooperative measures for verifying the number
of mobile ICBMS deployed by either side. This
subject raises serious negotiating problems, as
each procedure related to the verification of
the number of MX missiles deployed by the
United States must be designed with a hypo-
thetical Soviet mobile ICBM in mind as well.
Furthermore, a series of procedures, useful for
verification purposes but perhaps not essen-
tial, would have to be included in order to en-
sure that those procedures essential for pur-
poses of counting the number of large, land
mobile IC BMs deployed by either side emerge
from the negotiating process.

MX deployed in an MPS mode would further
complicate the process of strategic arms con-
trol negotiation limitation by placing a very
high value on Soviet agreement to an RV limi-
tat ion Previous SALT negotiations have at-
tempted to balance specific United States and
Soviet advantages in various areas of strategic
weapons and Strategic nucIear weapon de-
Iivery systems in order to conclude an agree-
ment that was baIanced need WhiIe views differ on
the degree of success U S and Soviet nego-
tiators have had in attempting to reach a bal -
anced agreement, M X M P S would  further com -
plicate the negotiating process The great sen-
sitivity of the MX,’MPS survivabiIity to the

numbers of Soviet RVS and the potentiaI
growth in the Soviet RV inventory coupled
with the great cost of the United States MPS
system wouId put Soviet arms control nego-
tiators in a very strong negotiating position An
agreement Iimiting the number of Soviet RVS
now or in the future would enable the United
States to plan and budget for MX/MPS;  the
Soviets could therefore use their willingness to
agree to RVI i m i tat ions as a ‘‘bargaining chip’
to persuade the United States to agree to other
Iimitations on strategic weapons of keen in-
terest to the Soviets

MX, MPS also complicates arms control
negotiations by making it much more difficult
to accept any agreement that would freeze
strategic force modernization efforts unless
such a freeze were absolute. The sensitivity of
MX/MPS survivability to the number of RVS de-

83-477 0 - 81 - 22

ployed by the Soviets would require the United
States to take a position that in essence re-
quired the Soviets to stop all construction and
deployment of systems not operational as of a
certain date even though MPS construction
would have to continue until the number of
shelters built exceeded the number of threat-
ening Soviet RVS. Failure to obtain this kind of
cutoff of new deployments wouId jeopardize
the survivability of MX missiles deployed in an
MPS mode.

Minuteman I I I  rebased in a n  M P s  m o d e
wouId simiIarly complicate future arms con-
trol negotiations. Rebasing of Minuteman I I I
would be as sensitive to the number of Soviet
RVS deployed as would be MX/MPS deploy-
ment; the relative bargaining leverage gained
by the Soviets for MX/MPS would also be
gained with Minuteman I I l/MPS. Cooperative
measures for verifying U.S. compliance with a
limitation on the number of mobile, relatively
small ICBMS would also have to be negotiated,
again on the premise that U.S. deployment of a
mobile ICBM would at some point be matched
by a similar but not necessarily identical
Soviet mobile ICBM deployment.

As a result, MX/MPS and Minuteman III/MPS
would create a need for arms control negotia-
tions to become ever more deeply and inti-
mately involved in the specification of detail-
ed procedures of weapon system deployment
and peacetime operation.

Defended MX/MPS would add the great
uncertainties associated with the reopening of
discussions on ABM system limitations to the
other  negot iat ing problems noted above.
While the present ABM Treaty seriously in-
hibits development, testing, and deployment
of the LoADS ABM system, it equally inhibits
development and deployment of Soviet ABM
systems. Were the Soviets to be ret ieved of this
legal inhibition, they might well deploy an
ABM system that would affect the ability of
U.S. ICBM and SLBM RVS to successfully at-
tack Soviet targets, generating requirements
for  signif icant ly larger
strategic forces. The great
duced in calculating the
developing requirements

n u m b e r s  o f  U . S .
uncertainties intro-
strategic balance,

for U.S. strategic
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forces, and procuring the necessary forces tional increment of survivability that a LoADS
would have to be weighed against the addi- ABM might provide the MX.

ARMS CONTROL AND STABILITY

Arms control seeks as a general goal to
reduce the likelihood of war. Efforts to main-
tain international stabil ity and control the
escalation of severe international crises are
therefore often considered an integral compo-
nent of arms control. The procurement and de-
ployment of strategic forces in a manner that
reduces the incentives to continue moderniza-
tion or procure additional numbers of forces
are also thought to be consistent with arms
control efforts. The selection of a basing mode
for the MX missile may therefore have broader
implications for arms control beyond the
negotiation of new international agreements.

The deployment of the MX missile in a sur-
vivable basing mode is generally thought to be
an important adjunct to the management of
severe international crises. High confidence by
American and Soviet decisionmakers in the
survivability of the MX force would minimize
incentives for either side to strike first. Sur-
vivable basing wouId allow American decision-
makers to wait out a crisis without resorting to
the use of force out of concern that if the MX
missiles were not used, they might be preempt-
ed and unavailable later during a crisis. Sur-
vivable basing for the MX missile would reduce
incentives of the Soviet leadership to attempt
preemption because they could not be confi-
dent of destroying a sufficiently large fraction
of the force to effectively limit the ability of
the United States to retal iate.  Surv ivable
basing would also reduce Soviet incentives to
initiate an attack out of fear that the United
States would strike first to forestall Soviet
preemption.

As noted throughout the earlier chapters of
this study, most basing modes for the MX mis-
si le would provide survivability when fully
deployed; several including small submarine
or air mobile MX basing would provide sub-

stantial survivability concurrent with or shortly
after initial operating capability. However, in
some operational concepts, air mobile basing
might create a situation during a crisis in which
the Soviets might mistake a widespread, simul-
taneous launch of MX-carrying aircraft under-
taken to enhance survivability as strategic war-
ning of an impending American attack. Such a
perception would add instability to a crisis.
While there are many other operational con-
cepts for an air mobile force which might over-
come this concern, the possibility that the
Soviets might perceive the airborne operation
of a large fraction of the air mobile MX force
as a provocative action during a severe crisis
cannot be completely discounted.

As noted above, the selection of a basing
mode for the MX missile that added incentives
to increase the size of strategic nuclear forces
would be inconsistent with the general goals of
arms control. Most basing modes for the MX
miss i le assessed in th is  s tudy sat is fy th is
criterion; MPS with or without the LoADS de-
fense, however, would provide a strong incen-
tive for the Soviets to add to their inventory of
RVS. Finally, MX/MPS would make terminating
a buildup of U.S. and Soviet strategic forces
more difficult than other MX basing modes
because the United States could not stop con-
structing MPS until the number of shelters ex-
ceeded the number of RVS in the Soviet inven-
tory that might pose a threat to MX/MPS sur-
vivabil ity. The Soviets, on the other hand,
might find it difficult to stop adding RVS to
their inventory unless they had clear evidence
that the United States had halted its MPS con-
struction program. Thus, MPS with or without
the LoADS ABM defense would pose the most
severe challenges to the long-term ability of
the United States to achieve some of its stated
arms control objectives.
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LETTER OF REQUEST

T E C H N O L O G Y  A S S E S S M E N T  B O A R O Congress of the United States J O H N  H .  G I B B O N S

MORRIS  K . UDALL . ARIZ.. CHAIRM A N D i r e c t o r

TED STEVENS. ALASKA, VICE CHAIRMAN O F F I C E  O F  T E C H N O L O G Y  A S S E S S M E N T DANIEL DESIMONe

EdWARD M. KENNEDY. MASS. GEoRGE E. B rownJr.n.. CALIF.
Deputy  Director

E R N E s T  F .  H o u l l i n g s  S . C . J O H N  O  D I NG E L L  M I C H . W A S H I N G T O N ,  D . C .  2 0 5 1 0
A D L A  E .  S T E V E N S O N ,  - LARRY WINN,  JR ,  KANs.
O R R I N  a .  HA T C H, U T A H C L A R E N C E  E .  M I L L E R .  O H I O
C H A r l e s  M C C .  M A T H I A S. Jr, M D . JOHN W. WYOLER, N.Y.

JOHN H. GIBBONS

M a y  8 ,  1 9 8 0

Dr. John H. Gibbons
Director
Off ice of Technology Assessment
Washington, D. C. 20510

Dear Jack :

The Administration has proposed that the United
States build and deploy the new MX missile in Utah and Nevada.
Although the case for a new strategic missile is understood,
the missile basing system remains controversial, and the
trade-offs involved remain unclear. In view of the critical
importance of MX to the future military security of the United
States, the enormous size of the proposed budget, and the
tremendous impact which MX deployment may have on the regions
where such deployment takes place, Congress as a whole ought
to have the best obtainable information and analysis about
MX basing. There would be particular value in an assessment
which, while drawinq upon whatever military and intelligence
information is pertinent, would be independent of the Defense
Department and the Administration.

We therefore request that OTA prepare and submit
to the Board as soon as possible a plan for an assessment
of how the MX missile might be based. If this plan indicates
that the time and money required for a study are not excessive,
we expect to reuuest that the Board approve the initiation of
such an assessment.

The study would describe and evaluate the Adminis-
tration proposal, selected alternatives which the Defense
Department has studied, and additional possible basing modes
which seem worthy of consideration. Various types of multiple
protective structure (MPS) systems, alternatives to MPS, and
alternatives to land-basing should be addressed.

Specifically, OTA’S evaluation should address the
suitability of each basing concept in terms of such issues as
technical risk, survivability (includinq detectability and
hardness) , reliability, the time required for deployment, etc.
To the extent necessary to evaluate basing systems, the study
should also address the projected Soviet threat, and possible
Soviet responses to an MX system.
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Dr. John H. Gibbons
May 8, 1980
Page Two

In order to clarify the trade-offs that must be
made in choosing a basing system, the study should address
basing proposals in the following contexts:

(1) the peacetime strategic balance, in which U.S.
strateqic forces should preserve and enhance stability and
security; (2) likely future efforts to negotiate arm= control
treaties, in which U.S. strategic forces should make such ne-
gotiations easier rather than more difficult; (3) a severe
crisis or limited war, in which U.S. strategic forces should
enhance our ability to manage the crisis and to terminate it
on acceptable terms; and (4) a major war, in which U.S.
strategic forces should make an enemy regret that he had
refused to be deterred.

To the extent necessary for a comparison of basing
systems, the study should evaluate the environmental impact
of construction and peacetime operation of the various al-
ternatives. The effect which the choice of basing system
might have on the effects of war on the civilian population
and economy should also be addressed.

The final topic of the study should be an estimate
of the cost of the Administration proposal and of any alter-
natives that appear worthy of serious consideration. We re-
quest that you explore the possibility of a cooperative effort
between OTA and the Congressional Budget Office, in which CBO
would apply their expertise concerning the budgetary impact of
choices Congress might make. If such CBO cooperation appears
to be likely, it should be reflected in the assessment plan
submitted to the Board.

We do not expect or desire that OTA attempt to reach
conclusions about whether the Administration proposals, or par-
ticular alternatives, should be adopted. The completed assess-
ment should present a clear analysis of the options available
to Congress regarding the MX basing, an explanation of why these
particular options are worthy of consideration, and a state-
ment of the major advantages and disadvantages of each option.

While OTA should draw upon appropriate classified
data regarding both U.S. capabilities and the Soviet threat,
the report should contain at least a summary that is unclassified.
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Dr. John H. Gibbons
May 8, 1980
Page Three

We recognize that an assessment of this sort
cannot be carried out overnight. Nevertheless, timely
completion of the assessment is essential. The timetable
should allow for OTA staff to brief Members of Congress and
their staff on the study's preliminary results after the
August, 1980 break, and a final report should be ready
prior to the convening of the 97th Congress.

With best wishes,

Cordially,

\ k  & Y ~

1 /

1 /
1

,t. f“ ~.0.L/!!
ORRIS UD= D’ ?5!lV3’VElfS

CHAIRMAN ) VICE CHAIRMAN



Appendix B

MX MISSILE

The MX missile is a four stage intercontinental
ballistic missile (ICBM) presently in full-scale
engineering development. Like its predecessor, the
Minuteman Ill, the first three rocket stages are
sol id propellant, with a Iiquid-fueled fourth stage/
post-boost vehicle. Weighing about 192,000 lb, the
missile will be 70 ft long, with a 92 inch diameter.
The MX is a MIRVed (multiple independently tar-
getable reentry vehicle) missile, and will carry 10
MK 12A warheads. The Minuteman I I I carries three
MK 12As. A comparison between the MX and the
Minuteman is given in figure B-1.

Figure B-1 .—Missile Comparison
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A drawing of the MX fourth stage postboost vehi-
cle (PBV) is shown in figure B-2. We see that it is
designed to be able to carry 12 MK 12A warheads,
or alternatively, 11 advanced ballistic reentry
vehicles [A BRV). SALT I I would limit the number of
reentry vehicles (RVS) to 10. The inertial measuring
unit (I MIJ) of the MX’S guidance and control system
is a significant advance in guidance technology
over Minuteman, and is designed to give the MX
much greater accuracy on target.

Also unlike Minuteman, the MX missile will be
“cannisterized,” to facilitate handling and move-
ment of the missile, and to provide for the missile’s
environment control. The MX is also designed to be
“cold launched” from the cannister. This means
that for launch, the missile is first gas-expelled from
the cannister, at which point it fires its first stage.

The MX missile is scheduled to begin flight test-
ing in January 1983, for a total of 20 tests before
system is in initial operating capability. The last
flight test is scheduled for April 1986. These tests
will check for a wide variety of missile functions
and of associated equipment, including rocket
stage performance, guidance and control, reentry
system performance, range and payload capability,
retargetting, and many others.

SOURCE: U.S. Air Force.
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Figure B.2.—MX Post Boost Vehicle
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Appendix C

ACRONYMS AND
GLOSSARY

List of Acronyms

A&CO — assembly and checkout
ABM – antiballistic missile
ABNCP — Airborne National Command Post
AFY – acre-feet per year
AIRS — Advanced Inertial Reference

Sphere
ALCC — Airborne Launch Control Center
ALCM — Air-Launched Cruise Missile
AMST – Advanced medium short takeoff

and landing aircraft
ANMCC – Alternate National Military

Command Center (Ft. Richie, Va.)
A SAT — antisatellite
ASW – antisubmarine warfare
BMD – ballistic missile defense
B M D S C O M – Ballistic Missile Defense Systems

c’

CBO
CEP
DE IS

DOD
DU
EAM
EHF
EIS
EMP
EMT
FOC
FROD

GBS
GPS
HF
ICBM
ICT
IGPS
I MU
I o c
kT
LF

Command (U.S. Army)
— command, control, and

commun i cat ions
– Congressional Budget Office
— circular error probable
– draft environmental impact

statement
– Department of Defense
– defense unit (LoADS)
– Emergency Action Message
— extremely high frequency
— environmental impact statement
— electromagnetic pulse
— equivalent megatonnage
– full operational capability
– functionally related observable

difference
– Ground Beacon System
– Global Positioning System
– high frequency
— intercontinental ballistic missile
— intelligence cycle time
– Inverted Global Positioning System
— inertial measuring unit
— initial operating capability
– kiloton
– low frequency

LoADS
LUA
MAP
MaRV
MF

“1

;’I RV

MPS
MT
MWe
NCA
NEACP

NMCC

nm i
NORAD

NTS
O c c
ORV
PLU

psi
RDT&E

RV
SAC

SALT
SATCOM
Scc
SHF
SIOP
SLBM

SWFLANT

SWFPAC

TEL
UHF
USAF
USN
VLF

– low altitude defense system
– launch under attack
— multiple aim point
— maneuverable reentry vehicle
— medium frequency
— square miles
— multiple independently targetable

reentry vehicle
— multiple protective shelters
— megaton
— megawatts of electricity
— National Command Authorities
— National Emergency Airborne

Command Post
– National Military Command Center

(Pentagon, Washington, D. C.)
— nautical mile
– North American Aerospace

Defense Command
– Nevada Test Site
– Operational Control Center
– Off-Road Vehicle
— preservation of location

uncertain y
– pounds per square inch
— research, development, test, and

evaluation
— reentry vehicle
– Strategic Air Command (U.S. Air

Force)
– Strategic Arms Limitation Talks
– Satellite communications
– Standing Consultative Commission
— super high frequency
– Single Integrated Operational Plan
— submarine-launched ballistic

miss ile
– Strategic Weapons Facility,

Atlantic, U.S. Navy
– Strategic Weapons Facility, Pacific,

U.S. Navy
— transporter-e rector-1 auncher
— ultrahigh frequency
– U.S. Air Force
– U.S. Navy
— very low frequency
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Glossary

ABM Treaty: Formally entitled the “Treaty between
the United States of America and the Union of
Soviet Socialist Republics on the limitation of
antiballistic missile system s,” this Treaty limits
the deployment of antiballistic missile systems
by the United States and the Soviet Union to
specific sites and to specific technical char-
acteristics. The Treaty is of unlimited duration,
subject to review every 5 years. The Treaty was
amended in 1974 Iimiting the deployment of an-
tiballistic missile systems to one site containing
no more than 100 interceptor launchers and
missiles.

Acoustic Transponders: Navigation aids attached to
the ocean floor which when queried respond by
emitting a signal permitting a submarine or sur-
face ship to determine its location with great
precision.

Acquisition Costs: The amount of money invested in
research, development, test, production, and
procurement of a weapon system but not cover-
ing costs of operating and maintaining the
weapon system once it has reached operational
capability and is deployed with military forces.

Adaptive Preferential Defense: A tactic for multiply-
ing the effectiveness of an antiballistic missile
defense system by defending only a small
proportion of the total number of targets under
attack.

Ad Hoc Retargeting: The ability to construct
strategic nuclear attacks which have not been
previously included in the wide range of pre-
planned attack options comprising the U.S.
Single Integrated Operational Plan.

Advanced Inertial Reference Sphere (AIRS): An ad-
vanced guidance system presently being de-
veloped for the MX missile.

Airborne Launch Control Center (ALCC): Aircraft
used to launch MX missiles deployed in a multi-
ple protective shelter basing mode.

Air-Launched Cruise Missiles (ALCM): Small un-
manned airplane-like vehicles armed with nu-
c I ear weapons.

Alert Rate: The number of U.S. strategic nuclear
delivery vehicles armed, manned, or deployed
on combat patrol during peacetime conditions.

Antisubmarine Warfare (ASW): Methods of warfare
utilizing specialized sensors, data processing
techniques, weapons platforms, and weapons
intended to search for, identify, and destroy
submarines.

Area Kill: See Barrage Attack.

Arms Control Agreement Verification: The process of
collecting and analyzing information to deter-
mine whether or not parties to an international
arms control agreement are complying with its
terms.

B-52: A heavy intercontinental range strategic
bomber deployed by the United States. B-52
bombers can be equipped with gravity bombs,
short-range attack missiles, or air-launched
cruise missiles.

Ballistic Missile Defense (BMD): Systems for defense
against missiles which follow trajectories re-
sulting from gravity and aerodynamic drag fol-
lowing termination of powered flight. This term
is used interchangeably with ABM systems.

Barrage Attack: An attack using nuclear weapons to
cover a large area with a given severity of blast
and/or thermal nuclear effects.

Baseline Design: As used in this study, the term
“baseline design” refers to the Air Force MX
basing design, May 1981. This design includes
both the design of the MX missile as well as the
mu Itiple protective shelter basing mode.

Blackout: A condition in which the heat and radia-
tion from an atmospheric nuclear explosion
ionize the surrounding volume of air causing
radar signals passing through the affected
region to be absorbed or reflected.

Breakout: As used in connection with discussion of
the LoADS ABM system, breakout refers to the
rapid deployment of the LoADS defense unit by
use of explosive charges to break through the
top of the protective shelter permitting the
defense unit to activate its radar and launch its
interceptor missiles.

Circular Error Probable (CEP): A measure of the ac-
curacy with which a weapon can be delivered.
It is the radius of a circle around a target of
such size that a weapon aimed at the target has
a 50-percent probabiIity of falIing within the cir-
cle.

Cold launch: The use of a gas generator to build up
steam pressure inside a cannister housing a
ballistic missile which forces the missile out of
the cannister prior to the ignition of the first
stage rocket motor. The temperature of the
steam used to eject the missile from the can-
nister is quite hot; however it is substantially
less than the many thousand degrees Fahrenheit
of the rocket motor exhaust, and hence the
term “cold launch. ”

Command, Control, and Communications (C3): The
systems and procedures used to ensure that the
President, senior civilian and military officials,
and U.S. strategic nuclear forces remain in com-
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munication with each other, able to plan for the
use of nuclear weapons, to choose among op-
tions, to deliver orders to the forces in the field,
and to receive word that the forces have ex-
ecuted or attempted to execute their orders
during the course of peacetime or wartime
operations.

Damage Expectancy: The probability that a nuclear
weapon wilI arrive at and destroy its target.

“Dash-on= Warning”: A concept in which MX missiles
on vehicles are dispersed rapidly upon receipt
of warning that an attack appears underway to
a nearby shelter where the MX missile is quickly
inserted.

Desertification: The significant reduction of biologic
activity and accelerated deterioration of soils in
arid land ecosystems.

Dynamic Pressure: A measure of the gusting winds
folIowing the shock front produced by a nu-
clear detonation.

Emergency Action Message (EAM): Orders to U.S.
strategic offensive forces for the initiation or
termination of a strategic nuclear attack.

Electromagnetic Pulse (EMP): A sharp pulse of
electromagnetic energy produced by a nuclear
explosion capable of damaging unprotected
electrical and electronic equipment at great
distances.

Endoatmospheric Defense: ABM systems which
operate in the sensible portion of the Earth’s at-
mosphere, typically at altitudes from the
ground to 100,000 ft.

Environmental Impact Statement (EIS): A description
of the possible range of impacts on the socio-
economic and physical environments prepared
by the Air Force pursuant to the requirements
of the National Environmental Policy Act.

Endurance: The ability of a strategic weapons
force– including both strategic nuclear
weapon delivery vehicles and associated com-
mand, control and communications systems —
to survive and function for weeks or months
following a nuclear exchange.

Equivalent Megatonnage: The yield of a nuclear
weapon in megatons, to the two-thirds power. A
measure of the area that can be barraged to a
given overpressure.

Exchange Ratio: The number of nuclear weapons
that must be used by an attacker to destroy one
nuclear weapon belonging to an adversary.

Exoatmospheric Defense: ABM systems that operate
outside the atmosphere.

External Navigation Aid: Devices external to a missile
or platform used to provide information to the

missile or missile platform on its position and
velocity.

Flush: A launch of manned aircraft or a rapid de-
ployment of submarines or surface ships in re-
sponse to either tactical or strategic warning to
preserve as much of the force as possible in the
event of a nuclear attack.

Fractionation: The division of the payload of a mis-
sile into a larger number of warheads with
smaller individual yields.

Fugitive Dust: Dust generated by construction ac-
tivities and vehicular traffic on and off roads
which migrates from the area immediately sur-
rounding such activities to distant locales.

Full Operational Capability (FOC): The date on which
the planned number of weapon systems has
been deployed and control of the forces given
to the operational military command for the en-
tire force.

Functionally Related Observable Differences (FRODS):
Structures added to similar airframes or naval
vessels to differentiate among them thereby fa-
cilitating direct observation by national tech-
nical surveillance systems permitting verifica-
tion of each party’s compliance with the terms
of an arms control agreement.

Global Positioning System (GPS): A system of ar-
tificial satellites currently being deployed by
the United States in the 197o’s and 1980’s in-
tended to provide accurate position and veloci-
ty data to facilitate improved navigation and
missile accuracy.

Hardness: A measure of the resistance of an object
to the effects of nuclear detonations.

Hard Targets: Targets that have been specifically
designed to withstand the blast, thermal radia-
tion, and other effects of nuclear weapon
detonations nearby.

Horizontal Shelters: Protective shelters for the MX
missile constructed such that the missile and its
launch support equipment are inserted into the
structure and stored in a horizontal position.

Inertial Guidance: A guidance system for missiles,
aircraft, and ships which relies solely on a self-
contained set of instruments carried aboard the
platform to determine changes of velocity and
position from a known initial point.

Inertial Measuring Unit (IMU): A device installed in
the uppermost stage of a ballistic missile used
to derive missile accelerations throughout
flight, and to obtain velocity and position data
which is used to navigate the missile.

Initial Operating Capability (IOC): The date on which
a small number of weapon systems is turned
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over to the commander of a military force for
incorporation into the operational forces of the
United States.

Intelligence Cycle Time (lCT): The period of time
from the s ight ing of  a  target  to  the t ime
weapons can be delivered against it.

Inverted Global Positioning System (IGPS): A concept
for a system of ground-based radio beacons to
be used to provide navigational information for
mobiIe MX missiIes and various platforms carry-
ing such missiles.

Kill Vehicles: Independently guided nonnuclear
weapons that are used in the exoatmospheric
antiballistic missile systems to destroy incom-
ing nucIear weapons.

Kilofeet: 1,000 f t.
Knot: 1 nautical mile per hour.
Kilotons (kT): Equivalent to 1,000 tons of TNT.
Launch Under Attack (LUA): A doctrine for strategic

forces requiring their launch upon receipt of
warn ing of an attack on the United States.

Layered Defense: An antiballistic missile system
consisting of both an exoatmospheric defense
and an endoatmospheric defense.

Lifecycle Costs: Costs of research, development,
test, procurement, operation, maintenance,
modification, and dismantling of a weapon
system over the period from initial research and
development to retirement or dismantling of
the last weapon system.

Low Altitude Defense System (LoADS): A system pro-
posed by the Army as an endoatmospheric anti-
ballistic missile defense.

LoADS Defense Unit (DU): This consists of a radar, in-
terceptor launchers, and interceptors mounted
on a mobile unit and deceptively deployed in
conjunction with MX missile deployments.

Maneuvering Reentry Vehicle (MaRV): An independ-
ently targetable reentry vehicle which can
maneuver to evade balIistic missile defense or
to obtain better accuracy.

Microwave Radiometers: Instruments that can
detect electromagnetic emissions such as radio
transmissions or radar signals used to detect
and identify the transmitting platform.

Minuteman: An ICBM deployed by the United
States in two models. Minuteman II is a three
stage, solid fueled missile armed with a single
nuclear weapon; Minuteman I I I is armed with
three independently targetable nuclear weap-
ons.

Multiple Aim Point: A term for basing a force of
ICBMS among a larger number of protective
missile shelters. See Mu/tip/e Protective Shelter.

Multiple Protective Shelter (MPS): A term describing a
basing mode for land-based missiles in which
missiles are deployed among a large number of
hardened structures. These are designed and
distributed to provide protection against near-
by nuclear weapon detonations.

MX Missile: Missile X or missile experimental; the
proposed U.S. Air Force advanced ICBM.

Northern Minuteman Wings: Minuteman missiles

deployed at Malstrom Air Force Base, Mont.;
Grand Forks, N. Dak.; Warren Air Force Base,
Wyo.; and Ellsworth Air Force Base, S.Dak.

National Technical Means of Verification (NTM):
Technical intelligence information collection
systems which are under national control for
monitoring compliance with the provisions of
an arms control agreement. NTM include
photographic reconnaissance satellites, aircraft
based systems such as radars and optical
systems, as well as sea- and ground-based
systems such as radars, antennas for collecting
telemetry, and seismic recorders,

National Command Authorities (NCA): The President,
the Secretary of Defense, and the Joint Chiefs
of Staff and their designated successors
authorized to initiate an order for the use of
nuclear weapons.

National Emergency Airborne Command Post
(NEACP): A modified Boeing 747 transport air-
craft equipped with a wide array of com-
munications equipment for use by the President
and other members of the National Command
Authorities in the event of a nuclear war.

Nevada Test Site (NTS): A facility where the United
States detonates nuclear explosive devices
underground.

North American Aerospace Defense Command
(NORAD): A joint U.S.-Canadian military com-
mand responsible for outer space, air space
surveillance and air defense of the North
American Continent.

Ocean Mobile Systems: Basing of the MX missile by
deployin g the missile aboard small submarines
or surface ships.

Operational Control Center (OCC): Peacetime
operating base for logistic support and physical
security for the MX missiIe force.

Overlay: concept for exoatmospheric antiballistic
missile defense.

Overpressure: The transient pressure, usually ex-
pressed in pounds per square inch, exceeding
the ambient atmospheric pressure, due to the
shock wave generated by an explosion.
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Permeable Metal: A metal with a strong magnetic
response.

Point Kill: The destruction of a hardened target at a
fixed location.

Postattack: The period of time following a nuclear
exchange between the United States and the
Soviet Union.

Preattack: The period of time preceding a nuclear
exchange between the United States and the
Soviet Union.

Preservation of Location Uncertainty (PLU): The
engineering of the MX missile, its transporter-
Iauncher vehicle, the protective shelter, to pre-
vent an outside observer from determining the
precise location of the MX missile among the
many available shelters which could house it.

Rad: A unit of absorbed dose of radiation.
Reentry Vehicle: That portion of a ballistic missile

which carries the nuclear weapon and reenters
the Earth’s atmosphere to reach it target.

Refit: The resupply of naval vessels with fresh food,
fresh water, fuel, other consumables, installa-
tion of new equipment, repair of equipment on
board, and the embarkation of a new crew.

Reliability: The ability of a missile system to carry
out an order from its receipt to the detonation
of a weapon against its target.

Responsiveness: A measure of the length of time re-
quired for U.S. strategic forces to receive,
authenticate, and implement an order from the
National Command Authorities for the use of
nuclear weapons.

Retargeting: The process of assigning new targets
for a strategic nuclear weapon delivery vehicle.

Readable TEL: A missile-carrying vehicle chosen for
a previous U.S. Air Force MPS design, that
could transport, erect to a vertical position, and
launch the MX missile.

Reentry Vehicles (RV): As used in this report, reentry
vehicles contain nuclear weapons.

SAFEGUARD: An antiballistic missile system
deployed by the United States in the early
1970’s containing both large and small phased
array ABM radars and exoatmospheric and en-
doatmospheric interceptors.

SALT: An acronym for the bilateral negotiations be-
tween the United States and Soviet Union on
the subject of Strategic Arms Limitation Talks.
SALT I refers to the agreements concluded in
May 1972 including the ABM Treaty and the in-
terim Agreement on Strategic Offensive Nu-
clear Weapons.

SCC: The joint U.S.-U.S.S.R. Standing Consultative
Commission, a deliberative and negotiating
body established by the ABM Limitation Treaty

which meets semiannually to review implemen-
tation of the ABM Limitation Treaty and other
Strategic Arms Limitation Agreements in force.

Shock Front: The leading edge of a wave of air
pressure created by an explosion.

Shoot-Look-Shoot: A tactic for attacking MX
deployed in an MPS or defended MPS mode in
which the attacker fires a salvo of reentry
vehicles, observes the effects of such an attack,
and then attacks shelters left undamaged by the
first attack.

Silo: A fixed, vertical structure housing an ICBM
and its launch support equipment including
power supply, communications equipment, and
environmental control equipment which has
been constructed to withstand the effects of
nearby nuclear explosions.

Single Integrated Operational Plan (SIOP): The
preplanned nuclear attack options prepared for
the consideration of the President by the
Department of Defense.

Site Activation Task Force: A Joint U.S. Air Force and
U.S. Army team which will check out and ac-
cept individual MPS shelters when the construc-
tion contractor believes construction has been
completed.

Small Submarine Basing: A basing concept utilizing
submarines displacing 2,500 to 2,800 tons on
which MX missiles are deployed and operated
in deep ocean waters within 1,000 to 1,500 miles
from the continental United States in the North
Atlantic or Gulf of Alaska. The concept as used
by OTA differs in several respects to the
“small sub underwater mobile” (SUM) basing
concept advanced by Sidney Drell and Richard
Garwin.

Smallsub Underwater Mobile (SUM) Basing: A concept
for the deployment of MX missiles on small sub-
marines proposed by Sidney Drell and Richard
Garwin.

Split Basing: As used in this report, split basing refers
to the construction of multiple protective
shelters for the MX missile in two regions of
deployment. One half of the MX force would be
deployed in portions of Texas and New Mexico
and the other half of the force would be
deployed in Nevada and Utah.

Sprint: A very high acceleration, nuclear-armed
endoatmospheric ABM interceptor missile de-
ployed by the United States in the early 1970’s
as part of the SAFEGUARD ABM system.

SSBN: Designator of nuclear-powered, fleet
ballistic, missile-carrying submarines deployed
by the United States, the Soviet Union, France,
and the United Kingdom.
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Star Tracker: A device carried aboard a ballistic
missile used to obtain information on the posi-
tion and orientation of the missile in relation-
ship to a known star for purposes of improving
in-flight guidance and the accuracy with which
a reentry vehicle could be delivered against a
target.

Strategic Triad: The three different types of plat-
forms used by the United States to deliver
strategic nuclear weapons: ICBMS, submarines
carrying SLBMS, and bombers carrying gravity
bombs, short-range attack missiles, and long-
range air-launched cruise miss iles.

Submarine-launched Ballistic Missile (SLBM): A bal-
listic missile carried in or attached to and
launched from a submarine.

SUM: An acronym for Smallsub Underwater Mobile
basing for MX proposed by Sidney Drell and
Richard Garwin,

Transporter-Erector-launcher (TEL): A vehicle de-
signed for an earlier version of MPS basing
which would have been used to transport the
MX missile, erect it to a vertical position, and
then launch it.

Time-on-Target Control: The ability to control the
time at which several nuclear weapons arrive at
a particular target.

Transattack: The period of time in which the United
States and the Soviet Union are actively engag-
ed in the exchange of nuclear weapons. This
can be a period of minutes or can extend for
hours or even days,

Transporte~ A vehicle designed to transport the MX
missile or a mass simulator, and to perform an
exchange of either missiIe or the mass simuIator
and a protective shelter.

Trident Missile: A modern submarine launched
ballistic missile deployed by the United States.
The Trident I missile is currently being pro-
duced and deployed; the Trident I I would be a
larger and more accurate missile proposed for
initial deployment in the late 1980’s.

Trident Submarine: A very large nuclear-powered,
ballistic missile-carrying submarine being
deployed by the United States.

Valley Cluster Basing: A variant of MPS basing for
the MX missile in which missiles may be moved
freely among the protective shelters in an entire
valIey as opposed to onIy within a cluster.

Vertical Shelters: Protective shelters for the MX or
Minuteman missile resembling ICBM silos,
housing the missile and its mobile launch sup-
port equipment in a vertical position.

Warning Systems: Satellites, ground-based radars,
and other mobile sensors used to provide the
United States warning of an impending ICBM,
SLBM, or bomber attack.

Yield: The energy released in an explosion. The
energy released in the detonation of a nuclear
weapon is generally measured in terms of the
kilotons or megatons of TNT required to pro-
duce the same energy release.

o


