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Basing the MX Missile: A Better Idea

by Sidney D. Drell and Richard I,.. Garwin

Drag strips in Nevada and Utah have been proposed to counter
Soviet nuclear warheads with American concrete shelters.
But a "smallsub undersea mobile"™ (SUM) deployment could
provide a survivable, less expensive, and more effective
alternative.

One of the first acts of the/Reagan administration was to
take a hard logk at the Carter administration's plan to base
200 new MX missiles in &, 600 concrete ghelters in Utah and
Nevada. In fact, Secretary of Defense Caspar Weinberger, in
announcing the study, said that he was particularly
interested in the possibility of basing the MX at sea
instead.

This was the latest installment in a major 20-year effort by
both the United States and the Soviet Union to ensure that
their strategic nuclear forces will not be vulnerable,
overall, to destruction by a preemptive (that is, first)
gtrike. Thus, both countries have based their
intercontinental ballistic miszsgiles (ICMBES) in hardened
underground - silos highly resistant teo the effects of =a
nuclear warhead. Likewise, both have deployed a sizable
portion of their nuclear warheads on bhallistic misgsiles to
be launched from nuclear submarines. Moving invisibly under
the ocean's surface, these comprise, now and for the

forzeeable future, a highly survivable force. Finally, to
maintain a broad diversity of forces with differing
vulnarabilities, operating characteristics, and failure

modes, the United States has maintained and repeatedly
upgraded a strategic bomber force that would survive by
being launched on warning of impending attack.

Minuteman Vulnerability

In the 1980s, two technological improvements threaten fixed
land=-baszed systems such as the Minuteman, the bulwark of the
American ICBM forces, with obsolescence: the achievemant of
very high accuracy ad reliability for ICBMS, and the

ez




A4 28 2068

11:8@ F L GARWIN + 918386054249 MO, 439

PAGE 2

extensive deployment of "multiple independently targetable
reentry vehicles" (MIRVS) that enable individual missiles to
effectively threaten several ICEM targets. :

The United States is particularly concerned about the
improved accuracy of Soviet missiles and their rapidly
growing numbers of MIRVed ICBMS, many deployed with 6
warheads (58~193) or 10 warheads (S53=18s). U.35. defense
officials have claimed that these weapons, when fully
deployed by the early 1980s, could destroy as much as 20
percent of the present U.S, ICEM force. Of course, such an
attack  would be enormously difficult to execute
successfully; it would reguire nearly simultaneous and very
accurate arrival of some 2,000 Soviet warheads at the 1,000
American Minuteman siles, and the Soviet missilez would be
flying on trajectories naver bafore flight=tested.
Therefore many experienced observers (both military and
civilian) view Minuteman vulnerability as little more than a
paper=and -pencil threat. The Soviets nevertheless appear
to be headed on a path that will soon reduce U.S. confidence
in the invulnerability of
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The Politics
of the MX

by James Fallows

N the two years since the

Carter administration de-
cided to build the MX missile
and base it in the Southwest
on & “drag strip” (politely
known as “linear grids™), ar-
guments have raged about the
system’s military, economic,
environmental, and diplomatic
effects. Yet the probability
that the system will be-buoilt as
planned, never high, has dwin-
dled further sincé the begin-
ning of 1981,

The Carter administration
embraced the drag-strip sys-
tem less out of conviction than
becausc of political con-
straints. Because he had cani-
celled production of the B-1
bomber and the deployment
of the neutron bomb, Jimmy
Carter was not eager to give
his opponents another item for
their list of his steps toward a
weaker defense. Because his
administration had staked its
political and ethical capital on
passage of the SALT It treaty,

Carter was willing to take the
steps necessary for a favorable
vote in the Senate on the trea-
ty, steps generally thought to

include inereasing the defense -

budget and proceeding with
the MX. :

But from the moment the
plans for the basing system
were announced, they met
with Jukewarm support and

© determined opposition. Paul

NWitze of the Commuittee on

the Present Danger, who had
warned strenuously abont
“Minuteman vulnerability,”
said that the drag-strip system
would be clumsy and concep-
tually inelegant. He recom-
mended instead that the
United States build hundreds
of new silos in the far West
and then move missiles se-
cretly from one silo to another
in a process known ps the
“shell game.” Others said that

' the quickest solution would be

to put Mx missiles into exisi-
ing Minuteman silos and then
build an antiballistic missile
system—in violation of the
SALT ] treaty—to defend the
missile ficlds. Such support as
the drag-strip system won was
generally of the better-than-
nothing variety,

Az for opponents, an-

nouncement of the basing sys-
tem shifted the focus of their
concern. The main political
objection to the mx had been

that its greater accuracy:

would appear to give Ameri-
can missiles the ability to de-
stroy Soviet forces in a sur-
prise first strike, thereby de-
stabilizing the balance of nu-
clear deterrence. Afterward,
complaints changed from the
missile itself to ‘its basing
system. Environmentalists
warned about the damaging
impact on the topography and
scarce water supplies of the
Great Basin region. A govern-

its land-based strategic forces.

The loss of the Minuteman force would not mean
the loss of the entire U.S. retaliatory capability. The
seaborne and airborne components of our strategic

“triad are considered both highly survivable and capa-

ble and are continually being improved at great cost.
For example, of the 31 Poseidon submarines operat-

ing for the last decade, each with 16 14-MIRv Posei-

don missiles with a range of 2,500 nautical miles, two
have already been refitted with 16 8-Mirv Trident 1
missiles with a range exceeding 4,000 nautical miles

-and warhead yields 'in the 100-kiloton range. The

longer missile range preatly increases the subs’ ocean
operating area. Soon the first 24-missile Trident sub-
marine will join the fleet, carrying the same Trident I
missiles but capable of carrying a much larger 6,000-
nautical-mile Trident 11, altheugh no decision has yet
been made to develop and produce Trident I1. In 1982
the bomber force will begin to carry thousands of
long-range air-launched cruise missiles that will snb-
stantially increase the bomber’s firepower and remove

the need to overfly and penetrate the extensive Soviet

air defenses. _ ‘
The loss of Minuteman would not compramise the
U.S. retaliatory capacity for assured destruction.

22 Technology Review
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Even today, loss of the 1cBM force would leave intact
about three-fourths of the total number of nuclear
warheads in' the currently deployed U.S. strategic
forces and about two-thirds of their total throw-
weight. However, a fundamental question remains:
Should the United States accept a decrease in its mar-
gin of safety as a result of new Sovict deployments?
Both Congress and the executive branch agree that to
simply ignore the growing vulnerability of our Min-
uteman force is not an acceptable policy for the
United States. Thus, the issue is not whether but how

" to respond to the growing threat.

The MX Missile System

The Carter administration responded to this problem

by recommending the deployment of a large new MX -

missile in a land-based *“multiple-aimpoint™ system.
At 92 inches in diameter, 71 feet in length, and a
design weight of 192,000 pounds, the mx is the largest
missile consistent with the provisions of SALT I1. {Al-
though this treaty has not yet been ratified by the
U.5. Senate, the Reagan administration has stated
explicitly that it will abide by these provisions so long
as the Soviet Upion also complies, pending the estab-

May/ June 1981
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ment official calculated that
building the shelters and drag
strips would consume a sub-
stantia} fraction of all the ¢e-
ment the United States could
produce in a decade. Official
estimates of the cost rose from

$30 billion 1o $50 billion with- _

in a few months, and oppo-
nents threatened to tie up the
system for years with environ-
menta] impact statements and
endless litigation,

Ronald Reagan came to of-
fice more sincerely committed

* 1o -the missile than Jimmy

Carter had probably ever
been, but he encountered pew
obstacles to proceeding with
Carter's basing plan. In -post-

poning ratification of the SALT .

N treaty, Reagan altered the
fundamental logic of the Mx,
which had rested on careful
calculations of bow many war-
heads the Soviets would have
to fire against it. A series of
government reports, including
one from the Office of Tech-

nology Assesement, empha-
sized the gravity of the envi-
ronmental cffects and the
greater technical feasibility of
puiting the Mx missiles on
ships or submarines instead of
land. Secretary of Defense
Caspar Weinberger said that
he was attracted by the idea of
putting the Mx to sea and
thereby avoiding the environ-
mental tangles, and that the

_drag-strip plan “has an ele-

ment of the unreal in it
There's no doubt about that.”

Weinberger also began one
of the two processes that seem
likely to determine the sys-
tem’s fate. In March he ap-
pointed a I5-member panel
composed largely of military
officers 'and scientists and
headed by Charles Townes, a
Mobel-lanreate physicist from
the University of California at
Berkeley, to review the basing
plan. The panel is supposed to
report its findings by July 1,
and Weinberger has said he

will then make up his mind.
The other process is being
played out among the people

-and politiclans of Utah and

Mevada, the states that would
house the missiles and conld
thereby become, in the infelie-
itous phrase of Air Force
Chief of Staff Lew Allen, a
“nuclear sponge” during a So-
vier attack. Three of the
states’ four senators are prom-

inent Republicans—Orrin

Hatch and Jake Garn of Utah,
and Paul Laxalt of Nevada, a
close friend of Reagan’s, (The
other senator, Howard Can-
non of Nevada, is a Pemocrat
but has been more enthusias-
tic than the athers about the-
basing plan. Nevada's Demo-
cratic tepresentative, James
Santini, has been the most vig-
orous opponent.) All -threc
Republicans say that opinion
in their states is deeply di-
vided, that of course they and
their conatituents will patriot-
ically bear the burden if the

nation’s security is at stike,
and that they hope like crazy
that the experts will decide to
put the missile elsewhere,

Senator Garn says that his
preference is to put the MX in
Minutemnan silos and defend
them with an AsM system. If it
comes to the drag strip, he and
the others have supported a
“gplit-basing” plan that would
locate half the missiles in New
Mexico and Texas. They cite
the precedent of the Minute-
man missile, which was delib-
erately dispersed among half a
dozen states to minimize the
impact on any one. But there
has been little enthnsiasm
from New Mexico and Texas
for such a plan.

“We feel that it’s the worst
of the alternatives,” & spokes-
person for Senator Garn said.

" “We just hope it doesn’t turn

out to be the only practical
choice.” O

James Fallows is Washington
editor of The Atlantic,

lishment of a long-term U.S. arms-control policy.)
The Mx payload is MIrved into 10 warheads (also a
SALT It limnitation), each with an explosive yield in the
range of 300 to 500 kilotons. The missile is carried in

a heavy steel capsule, requires little maintenance, can

remain unattended for many months, and is ready to
be launched at any minute.

The MXx basing scheme finally proposed by the Car-
ter administration would take the form of 200 “drag
strips” in the valleys of Utah and Nevada. Accessible
from each strip of roadway would be 23 hardened
concrete shelters housing 1 genuine MX missile and 22
high-quality dummy missiles. If they simulated all
the observable characteristics of a real MX (such as
weight, vibration modes, propellant vapors, and nu-
¢lear radiation) in each shelter or on the move
between shelters, the dummies would force the Soviet

Union to wse at least 4,600 (not 200) warhcads o

destroy 200 Mx missiles.

In advocating such a “multiple protecuve shelter”
(Mps) basing mode for the MX missile, the Carter
administration argued that the United States must

raintain a land-based deterrent force to preserve the -

diversity of its current triad. Although both the cost
and effectiveness of this basing scheme are still being

May/June 1981
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debated, the missile itself is in engineering develop-
ment. Its first flight test is scheduled for 1983, and
regular production of the missile should begin in 1986.

Problems with the Land-Based MX

‘Because the drag-strip basing mode presents severe

operational and strategic problems—it is vulnerable,
essentially the entire system must be deployed before
it contributes survivable megatonnage, and secrecy,
deception, and simulation must be maintained--we
do not regard it as a satisfactory response to the threat.

To ensure that some of the deployed missiles in a
system of multiple protective shelters will survive, the
total number of shelters must exceed the number of
threatening warheads. Current U.S. assumptions of
survival of 100 of the 200 MXs to be deployed in 4,600
shelters depend on somehow limiting the number of
threatening warheads the Russians will deploy, Thus,
if one imagines a force of 3,000 accurate, perfectly
reliable ‘Soviet reentry vehicles (Rvs) available for
attack on the MX MPS alone, there would be no survi-
vors until 3,000 silos had been deployed. Indeed, until
the number of shelters exceeded considerably the
number of available Soviet rvs, the deployment of the

Tachnology Review 23
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to have 3 mrve, each of sbout
200-kiloton yield, and the mx
to have 10 warheads of about
400-kiloton: yiald. (The
affactivenass of &
submagaton warhead agalnst
large targats is determined
by the ground srea subjoct to

. destructive overprossurs,

US IGBM force of:
200 MX 6.5 £EMT)
B[BIMMINIIZE

200 Mx missiles would constitute-a “silo-killing” force
in a vulnerable basing structure-—something defense
leaders from the Carter administration specifically
criticized as unacceptable and provocative.

More realistically, the figure on this page shows the
number of surviving U.5. ICBM equivalent megatons
(EMT) as a function of the number of Mx aimpoints
deployed. It demonstrates quantitatively the very lim-
ited effectiveness of the first half of the 4,600-shelter
force, the first breaks in the curves coming as the
Soviets can no longer apply two Rvs per shelter, so
that 20 percent of the shelters attacked will survive

instead of 4 percent, The surviving EMT then rises .
. linearly to 500 EMT when all 4,600 shelters exist. Even

this result assumes that deception can be main-

" tained—that the Soviets do not know which of the 23

shelters in a cluster is occupied by a real Mx missile.
Such concealment for survivability is necessary if
we insist on a survivable. land-based missile force

within the SALT 11 limit of 820 mirved ICBMs. Cooper-
afive operaiional procedures are included in the -

design requirements of the drag strip to give confi-
dence to the Soviets that no more than the stipulated
number of missiles (200 mxg) are: deployed in the
guise of decoys (totaling 4,400). These procedures,
including barriers on access roads and removable
plugs in ¢eilings of assembly bnildings and shelters to
allow for periodic satellite viewing, may provide con-
fidence that no more than 200 real missiles are pre-
sent. But they do not keep the system owners from

24 Technology Reviéw
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while that of a highly
accurate force against silos is
detarminad only by numbers
of worheads. Thus, the smT of
A force is obtained—as a
compromise-—by summing
tha megatonnags of aach
warhsad raisad to the 0.5

powaer).

rapidly deploying hundreds_ of additional missiles in

hardened, prepared, accurately surveyed launch

points, should they abrogate the treaty or fail to
renew it. This potential for rapid expansion will be a
particilar concern for the United States if the Soviet
Union responds by deploying its own multiple-aim-
point system. o o ‘

The United States, with its open society, ¢can har;_ily
compete with the closed Soviet society in maintaining
secrecy and deception, and the Soviets have a much
larger land mass in which to “hide” mobile IcaMs.
Soviet tendencies to follow the United States’ lead in
weapons programs are any guide, the United States
would essentially be choosing Soviet home turf for a
competition almost bound to occur. ‘

In the absence of current or future SALT limitations
on the maximum number of Soviet warheads, a multi-
ple-aimpoint system provides no assurance of elimi-
nating 1CBM vulnerability; it may lead to nothing more
than an open-ended race between Soviet warheads

and U.S. concrete shelters. Former Secretary of

Defense Harold Brown has testified that such compe-
tition may be advantageous to the United States, but
we fail to see any advantape in balancing concrete
holes against additional Soviet warheads, nor do we
relish political battles aggravated by questions of

" environmental impact. Indeed, it would be to our ben-

efit to ban land-based mobile 1cBMs, the stated U.S.
inclination in SALT 1, rather than undermine arms con-
trol and national security with a program of deceptive
basing of land-based missiles.

The SUM Alternative

We favor an alternative basing scheme—a mobile sea-
based deployment of the MX on small submarines. We
call this the smallsub undersea mobile (sum) force.
SUM retains the major desirable characteristics of the
current ICBM force and therefore preserves a healthy
diversity in the U.S. strategic deterrent.

sumM would be a deployment of small non-nuclear-
powered submarines operating within 600 miles of
the continental United States and in the Gulf of Alas-
ka. This concept can be adapted to a wide variety of
missiles with icBM range, but we assume that each
submarine will carry two encapsulated Mx missiles,
mounted horizontally, external to its pressure hull.
Limited operating range, short mission duration (no

more than four weeks), and a small crew (of about 20

to 25, consistent with safe, efficient operation aided
by automation) make possible the concept of small

May/June 1981
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submarines with hull displacements of no more than
about 1,200 tons. The total displacement of a suM
boat carrying two encapsulated missiles is about 1,700

tons. This is comparable to World War II submarines

and about one-tenth the size of the new Trident mis-
sile submarines. :

SUM congists of four subsystems: the encapsulated
MX missile itself; the submarine carrying the missile;
the missile guidance system; and specialized - com-
mand, control, and communijcations io the vessel.

The primary function of the crew would be to
maintain sovereignty over the nuclear-armed MX mis-
giles: guard against piracy, sabotage, and interference;
perform safety checks and maintenance; and, of
course, operate the submarine. Full power of decision

" to launch the missiles would reside with the president

{or his successor as national command authority), and
orders would be transmitied by encrypted communi-
cation to the missile. The submarine commander
would retain veto power in the event of a failure, as
indicated by on-board instrument checks.

With their limited range and duration, SUM subma-
rines have very modest power requirements, so nucle-
ar propulsion is neither necessary nor desirable. Vari-
ous (relatively inexpensive) propulsion schemes are
feasible, including diesel-electric and electric-drive
fuel-cell systems. We foresee an initial operation with
familiar, tested diesel-electric power, with the sub-
merged submarines patrolling at a speed of about four
knots. As in all modern diesel-electric submarines, air
would be taken in through a conventional “snorkel”
tube for a few hours each day to operate the diesel
engine to recharge the battery. This system could
evolve in the mid-1990s to one that utilizes fuel-cell
propulsion, thereby avoiding any need to snorkel. The
technology of fuel-cell propulsion has been extensive-

ly tested, but at-sea use of the required fuel and oxi-

dizer still requires further development.

A conservatively designed sum boat (state-of-the-
art for missile capsule and hull) operating at a 200-
to-300-foot depth in deep water would be safe from
the shock effects of a 1-megatan detonation at dis-
tances greater than four miles. By this criterion, more
than 20,000 megatons—a number that far exceeds
the total Soviet arsenal-—would be required to bar-
rage a total SUM deployment area of 1 million square
miles. And further fractionation (MIRving) of their

ICBM force would not increase the threat to suMm.

The sumM force can reliably achieve high accuracy
comparable with that envisioned for the land-based
Mx. To correct errors in flight parameters, the missile

268 Technology Review
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would receive radio signals during the boost from the
Navstar-satellite global positioning system (Gps) or a
network of onshore transmitters forming a ground
beacon system. Line-of-sight contact with a large and
inexpensive network of such beacons could be
achieved fot submarine launches as far as 500 miles
offshore. The duration of missile flight in radio line of
sight with ground stations and below ionospheric
regions would be sufficiently long that this informa-
tion would not be distorted by high-altitude nuclear
detonations. The ground stations would consist of
many unmanned, relatively inexpensive transmitters
supplemented by even more inexpensive decoys, and
would be turned on only if Navstar were destroyed,
minimizing system vulnerability fo enemy attack. The

SUM submarines themselves would not need a good

inertial navigation systern but would rely on the very

capable guidance system of the Mx for accurate loca-

tional "data, supplemented with occasional radio sig-

nals.
* The current U.S, submarine missile force has a
robust and redundant command, control, and commu-
nications (C-3) system, but it is ordinarily viewed as
providing less confidence and security than the bomb-
er and land-based ICBM components of the triad.
These reservations do not apply to suM. Because of its
coastal deployment, SUM need not rely only on world-
wide communication networks. Existing very-low-fre-
quency (VLF) transmitters can be supplemented by
equipment at dispersed survivable ground stations or
by airborne transmitters much less powerful than
those now carried by the navy TACAMO (take-charge-
and-move-out) aircraft. Ultimately, other means of
communication are available, such as ultra-high fre-

quency (UHF) from satellites, with improved tech-

niques for receiving these communications as well.
For example, a system of expendable buoys has been
proposed for sUM and other submarine-launched bal-
listic missile systems. A new buoy would be ejected
every few hours from the submarine and float awash,
while the submarine paid out a fine, slack, insulated
wire or fiber-optic thread to receive the signals
relayed by the buoy. R

The suUM system would maintain about 55 boats
with 110 missiles at sea, corresponding to the design
goal of survivable warheads for the proposed land-
based drag-strip deployment of Mx. Although SALT I
would limit any land-based MX to 10 MIrvs, it would
‘permit submarine-launched ballistic missiles to have
up to 14 warheads per missile, and the suM-Mx could
carry 11 to 14 assorted Trident I and Mk-12A

May/June 1981
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AN alternative prospect of
defending the real mx
missiles with a deceptively
based {mobile) antibaliistic
missile (ABM) system has been
diseussed. This would require
abrogating the Jimitations on
ABMs in SALT I—an cven less
attractive prospect than the
drag strip—and abMs would
not, in fact, provide an endur-
ing force. After a first attack,
the Soviets could determine
the location of the defense as
well as the surviving shelters
and attack them too. Against
such a threat, ABMs would in-
crease the number of Soviet
warheads needed to destroy an
MX by 10 percent or less.
Ironically, cffective defense
of the Mx or Minuteman force
is available, and probably a)-
lowed under SALT 1, in less
technologically advanced

Defense of
Land-Based ICBMs

forms of ballistic missite de-
fense. This would consist of a
modest-sized (100-kiloton)
nuclear explosive buried some
tens of meters underground
about one kilometer north of

- each Minuteman silo. Its deto-

nation would project some
hundred kilotons of earth into

. the air, rendering it impossi-

Ble for a Soviet warhead to
penetrate and explode within

lethal range of the silo. In

addition to this individual de-
fense, the dust raised to the
troposphere would so abrade
the protective heat shield of
Soviet reentry vehicles (Rvs)
that their survival to ground

level would be doubtful and

their accuracy, even if they
penetrated, would be im-
paired.

Individual nuclear defenses
would be armed by presiden-

tial decision and triggered by

smalt radars a fow kilometers -

north of each silo facing the

incoming kvs. Although there .

i5 no technical eriticism of this
system, it is scorned with the
comment that “no president
will detonate nuclear weapons
on L1.S. soil until Soviet nucle-

.ar bursts have occurred

there.” The result is that no
president haz ever been asked
whether he wants to develop
and deploy such a defense.

A cratering defense of silos
not only provides several
hours of Minuteman invulner-
ability after detonation (until
the wind carries the high-alti-
tude dust cloud from the Min-
uteman fields), but it js eco-
nomical and has a low peace-
time environmental jmpact,
Furthermore, even if the sys-
tem were operated, the radio-

ot

active fallout from the cra-
tering explosives would be
very small in comparison with
the fallout avoided from the
enemy Rvs, The detonation of
1,000 such bombs would thus
contribute less radioactive
fallout than 10 nominal Soviet

- rvg; the defense would need to
be no more effective than 1°

percent to provide a net reduc-
tion in fallout.

Such a cratering defense is
both inexpensive and rapidly
deployable. The weapon and its
emplacement can be bought
for 81 million, leading to a
price tag for the system (aside
from command and control)
of §1 billion. It is difficult to
understand why this defense

r11

has not been sought if we are

seriowsly concerned with Min-

uteman vilnerability and ear-

Iy remedics—R.LG. O

warheads.

The encapsulated MX missile makes it possible, as
foreseen in the massive Defense Department strategic
systems study (STRAT-X) of the 1960s, to provide a

-.clean interface between missile and submarine. The

figures on page 25 show the exterior of the subma-
rine, with capsules 3.4 meters in diameter, housing a
missile of 2.3 meters, and strapped to a submarine of
6.1 meters. With the missile control center and
sophisticated inertial navigation system contained in
the missile and capsule, the submarine is a simple
electrical relay center for radio signals. These are
transmitted from the submarine directly to the mis-

May/June 1881
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sile capsule, where the signal is decrypted and, if ver-

ified, launching takes place,

The actual launch consists of freeing the capsule
from the submarine, pushing on the capsule with the
expulsion actuator to give it a horizonta! velocity of a
few feet per second, and blowing water from “soft

.tankage” in the front of the capsule by means of a

contained gas generator. The capsule then becomes
buoyant and accelerates through the surface of the
water. As the capsule broaches, explosive cutters free
the forward and rear dome-retaining clamp bands.
The missile booster then fires, and the missile
emerges from the capsule as from a normal land

8,
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The drag-strip basing mode
is vulnerable, essentially the entire system must be deployed before
contributing survivable megatonnage, and
deception must be maintained.

launch. A gas generator in the capsule then inflates an
airbag so that it cannot sink and collide with the sub-
marine. The submarine refairs to its initial shape by
inflating a rubberized fabric fairing with seawater to
about two-pounds-per-square-inch overpressure.
Many problems are avoided by carrying a neutrally
buoyant capsule rather than one that is positively
buoyant. Thus, no reballasting of the submarine after
caspule gjection is required. There is no need for large
hard tanks to prevent loss of the submarine if a cap-
sule floods, because the capsule can be ejected if

. flooded. The fabric water bag weighs a few hundred

pounds and is essentially rigid at submarine speeds up
to 10 knots, saving the weight, maintenance, and
design of a metallic refairing system. The required
registance to shock loading is obtained for the subma-
rine-capsule structure by the arrangement of liquid
springs, hydraulic pistons, and multiple retaining
bands. Such a system, carrying two missiles, would
have an overall submerged displacement of 1,700
tons, a maximum speed of 10 knots, an electric-drive
submerged patrol speed of 4 knots, and a 28-day mis-

- sion duration.

Criticisms of SUM

Charge: sum would not be available before
the 1990s.

Some defense analysts allege that construction of a
naval base for berthing, maintaining, and resupplying
a portion of the SUM force (one-third, if three bases
are built) would take more than 12 years, but there is
no technical support for this claim. Qur own analysis
based on conservative practice (allowing 7 years until
deployment of the first SUM boat) leads us to conclude
that initial system deployment can be realized by
1988, with full deployment completed by 1992,

It is important to realize that each stm boat con-
tributes to survivable megatonnage for the U.S. deter-
rent, This is not the case for the drag strip, which will
add significantly to the survivable U.S. megatonnage
only when it presents so many targets that they can-
not all be destroyed (see the figure on page 24). The
current drag-strip schedule calls for initial deploy-
ment in late 1986, with full deployment by 1990.
However, this schedule is threatened by serious
delays; litigation by citizens’ groups in Nevada and
Utah on this huge project’s environmental impact
during both construction and operation, and a pro-

posed congressional requirement that the drag-strip
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basing include Texas and New Mexico, will surely
delay the completion date. Thus, suM is likely to be a
more timely response to the problem of Minuteman
vulnerability than the drag strip, and it has a relatively
modest environmental impact, particularly if its ini-
tial deployment is at an existing naval base.

The suM system requires no major technological
advances like the innovations for developing nuclear
submarines and solid-fuel submarine-launched ballis-
tic missiles. It involves a substantial change in opera-
tional concept, relying on small crew size and effi-
cient operation, but only modest advances in technol-
ogy, such as radio guidance improvements for accura-
cy. The allegation that sum could not be available
until the 1990s is not only unsubstantiated, it denies
the capabilities of our industrial and defense estab-
lishments to respond quickly to national needs. Con-
sider that the entire nuclear submarine revolution,
including the development of selid-fueled submarine-
launched rockets, required only 11 years from the
1949 go-ahead for the Nautilus to deployment of the
first Polaris boat in 1960.

Charge:'sum will be more e.xpensfvz than the
drag sirip.

We recognize the inaccuracies and uncertainties of
cost estimates for so large a system. Nevertheless,
cost differences can be assessed with greater confi-
dence because they are computed on the basis of the
same set of assumptions. In this context, we estimate
that SUM is at least $10 billion less expensive than the
drag strip for deploying and operating 850 survivable
and effective warheads. We assume here, along with
the Defense Department, that SALT 11 will limit the
number of threatening Soviet 1CBM warheads. Other-
wise, the drag-strip deployment would be even larger
and more expensive or require an active and costly
ballistic missile defense (in conflict with the sa1T1
treaty limiting such deployments).

More specifically, a SUM system consisting of 72
submarines, each with 2 Mx missiles (but buying 250
missiles and capsules), 1,000 ground-based naviga-
tional transmitters, and 3 SUM operating bases, would
cost less than %30 billion. This inclues submarines
with average displacements of 1,700 tons, including
the allowance of 50 tons for defensive systems, with
considerable potential for growth in mission duration,
propulsion systems, and the like. The $30 billion also
includes full cost of operation for 10 years. A lower-
cost system could be obtained by deploying the suM-
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SUM retains the major \
desirable characteristics of the current ICBM foree and therefore
preserves a healthy diversity in the
U.S. strategic deterrent. |

MX with 14 warheads (saving about $6 billion), choos-
ing & submarine with less growth potential, and build-
ing only 2 bases. suM will not only be less vulnerable,
less obtrusive, and less threatening to arms control
but less costly as well.

Charge: susm would have no advantage relative to the
Trident force. It would mean abandoning the triad In
favor of a less desirable dyad and, by putting too
much of our deterrent at sea, making it potentially
vulnerable to the possibility that the “oceans will
become transparent.” '

There are major differences, both technical and
‘operational, between suM and Trident with respect to

antisubmarine warfare. Operational advantages in-

clude the very much larger number (55) of SUM boats
at sea, which gives SUM a ‘major edge against any

attempt at continuous trailing of the entire force.

Moreover, sUM’s proximity to U.S. shores would not
concede a benign operating environment to Soviet
antisubmarine forces; U.S. naval assets could obvious-
ly be used more extensively and aggressively. Physical
advantages -of the SUM boats includé their relative
silence (because of electric-drive propulsion) .and
their much smaller size (displacing 1,700 tons, as
opposed to the 18,000 tons by the nuclear-powered
boats). On the other hand,the Trident submarines

have the advantage of a much larper operating area—.

17 million square miles as opposed to 1 million—and
they don't have to snorkel. S

The near-coastal waters of the sUM deployment are

a complex operating medium for antisubmarine war-
fare, which relies, at present, almost entirely on
acoustics. Much of these waters are acoustically
“ghallow™: they do not support long-range propaga-
tion of low-frequency sonar without loss of signal
from repeated bounces off the ocean bottom. More-
over, the suM deployment area can readily be filled
with decoys and noise by generators, making the quiet
submarines even more difficult to find (although sub-
merged diesel-electric submarines are regarded as vir-
tually impossible to detect).

- However, diesel-electric submarines are relatively
noisy while snorkeling to recharge their batteries, and
they may also be viewed by radar while at the surface.
This raises the possibility that a fraction of the sum
force could be vulnerable to future Soviet antisub-
marine capabilities. If it should emerge as a threat to
suM, this concern could be addressed by elimipating
the need to snorkel—converting to fuel cells for sub-
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marine propulsion. This option should be available in
the mid-1990s and could be implemented as individu-

“al boats are overhauled.

Both Trident and sUM will be highly survivable for
the foresecable future. In an era in which “'stealth”
technology is supposed to render our aircraft unob-
servable to radar, it is certain that analogous tech-
niques could help hide submarines. Vice-Admiral
Charles H. Griffiths, commander of the U.5. Subma-
rine Force, recently commented that the oceans are a
great place to hide because “they’re becoming more
opague as we understand more about them.”

A specific advantape of SUM relative to Trident for
limited strike options is that the launch of 1 Mx mis-
sile exposes the location of only 1 additional missile
on the same boat, as opposed to 23 for a Trident boat.

- Similarly, in the planned mx-Mps deployment of a

single MX missile in a 23-shelter complex, the launch

" of each missile reduces by 23 the number of reliable,
‘effective Soviet Rvs required to destroy the remaining
Mx force. - ‘

An advantage of a mixed deployment of sum and
Trident systems is that they have very different char-
acteristics, including operating areas and numbers of
ships. Hence, Soviet antisubmarine efforts could not
be concentrated against one or the other alone, and
together they preserve an important diversity for the
U.S, deterrent forces. -

The United State could soon lose an element of this

diversity in its strategic forces as a result of the grow-

ing vulnerability of fixed land-based 1cBMs. By mov-
ing to the drag strip, the United States would be
deploying a system with great and unavoidable opera-
tional problems. The SUM system, on the other hand,
would present only a modest technical challenge and
maintain seciirity on the basis of mobility and rela-
tively simple operational procedures at sea.
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