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You have seen a 688 class submarine. It is a mean
looking machine. They are paranoid about that big black
submarine.
Adm. Kinnaird McKee
Congressional testimony
May 1984

The Soviet Union will not allow any disruption of the
present military-strategic balance in peacetime, andina
war it will always be ready to take crushing retaliatory
action against any aggressor.

G. M. Sturua

«grategic ASW: American

Views and Policies”
February 1985

It will come,
Humanity must perforce prey on itself,
Like monsters of the deep.

William Shakespeare
King Lear
First performed in 1606
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Foreword

Randall Forsberg

Executive Director
Institute for Defense & Disarmament Studies

Tom Stefanick has performed an exceptionally useful service for all concerned
with the issues of peace and arms control: He has identified the major differ-
ences between the United States and the Soviet Union in the vulnerability of
strategic submarines (SSBNs) and in strategy and forces for conducting stra-
tegic antisubmarine warfare (ASW).

For too long, Western analysts have tended to assume, without hard evi-
dence, that Soviet SSBNs, like their US counterparts, were virtually invulner-
able to detection. The first detailed, unclassified study to investigate this
critical assumption, Stefanick’s work shows that throughout the past 30 years,
Soviet SSBNs have been much more vulnerable to detection than US SSBNs.
Stefanick’s study also shows that threatening Soviet strategic submarines has
been a deliberate part of US naval strategy. Among other things, there are plans
to send US attack or “hunter-killer” submarines, which are quieter than their
Soviet quarry, into areas near Soviet SSBN ports. There they can, in theory,
detect, trail, and destroy exiting submarines of all types, ignoring the risks that
would be involved in attacking SSBNs. Alternatively, they could be directed to
discriminate by sound signature between strategic and nonstrategic submarines
and limit their attacks to the latter.

The vulnerability of Soviet SSBNs has undoubtedly had a profound
impact on other aspects of Soviet policy. It has certainly increased Soviet
reliance on land-based ICBMs. It has probably made the Soviet Union reluc-
tant to accept fully symmetrical quantitative limits on strategic forces. Together
with other factors, it may have influenced the size and composition of the
Soviet general purpose Navy, which is designed in part to provide defensive
barriers around SSBN deployment regions. (The US Navy has no counterpart
to this mission.)

For years, the goal of arms control has been to increase crisis stability—
making the use of nuclear weapons in a war or crisis extremely unlikely—while
the goal of US nuclear policy has been to make escalation to acts of nuclear
warfighting plausible, in order to help deter an East-West conventional war.



et e e 4 S

xXx * Strategic Antisubmarine Warfare

Strategic ASW is just one of the varied means of implementing the long-
standing US policy of extended deterrence. Perhaps more than any other fea-
ture of US nuclear-warfighting capability, however, strategic ASW tends to
erode the firebreak between nuclear and conventional war. For clandestinely
destroying a strategic submarine carrying up to 200 nuclear warheads, using a
conventional torpedo fired from an attack submarine, blurs the st arp line that
we typically draw in our imaginations between nuclear and conventional war.

Given the risk that strategic ASW might lead to a general nuclear war, it is
reassuring to learn from Stefanick’s study that the vulnerability of Soviet
SSBNs is declining. For some time it has been widely known that Soviet SSBNs
became somewhat less vulnerable to detection in the 1970s, when long-range
missiles allowed them to begin operating in shallow northern seas, instead of
mid-ocean areas, where the deep sound channel can carry submarine noise for
hundreds of miles. The new evidence assembled by Stefanick indicates that
Soviet SSBN's have become even less vulnerable in the 1980s, and are likely to
continue the trend in the 1990s. This is due to increased Soviet emphasis on
submarine quieting, and diminishing returns to the US submarine quieting and
sonar programs, as they approach the physical limits of achievement.

Stefanick concludes with several recommendations for US policymakers. He
proposes that the US Congress mandate a study of the control of strategic
ASW. He argues that the United States should stop contemplating threats to
Soviet strategic submarines as an indirect means of forcing the USSR to end a
conventional war. He observes that although in the near future Soviet general-
purpose naval forces, especially new, quiet submarines, may be tied down
defending SSBNs, this is unlikely to be so in the next century, given steady
improvements in Soviet SSBNs. He concludes that such ““tie down” should not
be assumed in planning future US naval forces. Stefanick also points out that
in order to strengthen US ASW capabilities against the increasingly quiet
Soviet submarines of both types (strategic and general purpose), greater empha-
sis must be given to “distributed” airborne and fixed systems. Such systems
will do much more to improve tactical ASW, aimed at defending the sea lanes
across the Atlantic and the Pacific, than to strengthen capabilities for strategic
ASW,

Stefanick’s concluding recommendations stress technical developments and
policy changes that tend to improve US military or naval efficiency while
reducing the far forward ASW operations that threaten strategic submarines.
Similarly, Stefanick’s analysis of potential bilateral arms control measures to
reduce or prevent strategic ASW stresses incentives for the US Navy to agree.
He argues, for example, that limiting the ratio of each side’s SSNs relative to
the opponent’s SSBNs might be “in US interest” because the United States
“will be facing a decline in its technical advantage” over Soviet SSN's; and he
dismisses SSBN sanctuaries on the grounds that they would release Soviet
general purpose forces for other uses and would not benefit the already secure
US SSBNs.
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The most basic point raised by Stefanick’s study is whether the conduct of
strategic ASW in a time of severe crisis or conventional war will increase the
risk of a general nuclear war. Although concerned about this possibility, Stefan-
ick concludes that US attacks with conventional weaponry on Soviet strategic
submarines are not likely to provoke the use of nuclear weapons by the USSR,
for several reasons: large-scale Soviet nuclear attacks on US cities would be
suicidal; Soviet nuclear attacks on US aircraft carriers carrying nuclear weap-
ons would not be necessary to sink or disable the carriers; and use of Soviet
nuclear weapons against US attack submarines or other naval forces might start
a tactical nuclear war near Soviet territory.

These points are plausible. The firebreak berween conventional and nuclear
war may hold, even if many Soviet strategic submarines are sunk by US forces
in a war, because Soviet use of nuclear weapons is not a rational response.
However, in a time of war or crisis, control and information will be in short
supply, and responses may not be fully rational. Thus, in assessing the impact
of strategic ASW, it is important to ask not only whether it will make the use of
nuclear weapons Jikely, but also whether it will make the use of nuclear weap-
ons more likely than if threats to Soviet strategic submarines were assiduously
and explicitly avoided. Even if we accept Stefanick’s view that US strategic
ASW during a conventional war will not make Soviet use of nuclear weapons
likely, we must allow that it may make Soviet use of nuclear weapons more likely
than it would be otherwise. In fact, US attacks on the Soviet strategic nuclear
reserve, in the heat of battle and with incomplete information, are almost
certain to increase tension, confrontation, fear, suspicion, and hostility in a way
that will pull the Soviet nuclear tripwire tighter than it might be otherwise.

Since US wartime conduct of strategic ASW will almost certainly increase
the risk of a general nuclear war—even if it does not make a general nuclear war
likely—policy recommendations in this area should look beyond the narrow
“interest”’ of the United States as defined by pre-nuclear military standards to
the broader global, US, and even post-nuclear military interest in avoiding a
nuclear war. The standard of minimizing the risk of nuclear war—which should
be the bottom line of every policy in the nuclear age—suggests that the United
States, the Soviet Union, and the international community should all support
stringent bilateral limits on the SSN-SSBN ratio—preferably less than one,
certainly no more than one—and should adopt peacetime practices and wartime
rules of engagement that provide SSBN sanctuaries in areas contiguous to
SSBN ports.

These strategic ASW arms control measures may conflict with other inter-
ests of the United States, NATO, the US Navy, and, indeed, of the Soviet
Union. And they may raise problems in regard to implementation (e.g., whether
to count allied SSN's in the ratio) and enforcement (what to do if an agreed
sanctuary area is violated). But the conflicting interests and the practical prob-
lems can and should be subordinated to the general interest in minimizing the
risk of nuclear war. In force design, in warplans, and in peacetime deployments,
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threats to the opponent’s strategic submarines should be strictly avoided. The
US Navy should be directed to follow this policy by the US civilian leadership;
and the international community should press the US civilian leadership to
adopt the policy.

This difference on concluding policy recommendations concerns an important
but small part of Stefanick’s impressive study. The appendixes cover a truly
extraordinary range of relevant technical material, which they digest and expli-
cate clearly for the nonexpert. The analytical chapters of the main text clarify
many poorly understood connections not only between strategic and tactical
ASW, but also between nuclear and conventional war, between naval and land
warfare, and between offensively oriented and defensively oriented naval forces.
In sum, Stefanick’s work represents a major advance in the unclassified literature
on nuclear policy, on naval strategy, and on antisubmarine warfare.

Perhaps most important for the Institute for Defense and Disarmament
Studies, Stefanick’s study provides an essential piece of the technical foundation,
previously lacking, needed to develop sound alternative defense policies. One
component of such policies must be to dismantle the huge, dangerous panoply of
US and Soviet nuclear-warfighting forces, built up over the past 30 years,
cutting back to small, stable minimum or finite deterrent forces. Because stra-
tegic submarines are less vulnerable than other nuclear forces, they are the
preferred candidate for carrying the residual force, after other nuclear systems
are abolished. Whether or not they are adequately invulnerable to comprise the
only remaining nuclear forces, on both sides, and for how long are important
questions that Stefanick’s thorough, meticulous study will help answer.
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1
Strategic Antisubmarine Warfare

Introduction

In the United States, missiles on submarines at sea are considered the most
survivable strategic nuclear force, and submarines carry about as many nuclear
warheads as ICBMs and bombers combined. Soviet submarines are considered
to be more vulnerable, and for geographical, technical, and bureaucratic rea-
sons submarines carry a smaller portion of Soviet strategic warheads.

A concept from arms control theory closely associated with survivability is
that of crisis stability: the reluctance of each side to launch strategic weapons in
a crisis when it is clear that the opponent will retain enough nuclear weapons to
retaliate with an intolerable blow, in the perception of the side that might have
to bear the retaliation. This form of stability increases with the survivability of
the weapons on both sides. The quintessentially unstable situation is one in
which all strategic nuclear weapons on each side are vulnerable to rapid and
total destruction. As long as leaders on each side believe that some portion of
their own and the opponent’s forces are invulnerable, some measure of crisis
stability is preserved. This is the context in which the question of submarine
vulnerability is usually posed: “Can enough strategic submarines survive a
preemptive attack to deter the use of any strategic nuclear weapons in a
preemptive first strike?”

The requirements of a sudden, totally disarming strike against missile
submarines (SSBNs) are extremely stringent. Such a strike must be coordi-
nated with attacks on land-based missiles and bombers; virtually all submarines
must be destroyed, since the nuclear warheads on just a few submarines could
destroy many targets on the homeland; and the entire attack must be very
rapid. Moreover, the planning and preparation for such an attack must be
covert. These requirements place a huge demand on command and control
systems and on general purpose naval forces, which would have to be diverted
from other missions to this one. The coordination requirement alone rules out
such an attack, since the time needed for one side’s 1CBM:s to attack the other’s
is just 30 minutes, while the time needed for one side’s antisubmarine forces to
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diminishes.

A disarming or damage-limiting strike becomes more plausible, however, if
attacks on strategic submarines are carried out in an extended campaign of
attrition prior to attacks against land-based forces, Moreover, the likelihood
that World War IIT would begin as a conventional war introduces a period
during which such an attrition campaign could be waged. In scenarios involv-
ing a protracted conventional war, for example, in east Asia or Europe, US
naval forces would attack a wide range of targets, including bomber bases,
shipyards, surface ships, aircraft, submarines, and their bases. In the course of
such attacks, missile submarines at sea and in their hardened bases could be
attacked by mines, torpedoes, and missiles.

The Soviet Navy is extremely unlikely to find even one US strategic sub-
marine at sea. The US Navy, in contrast, has a good chance of finding at least a
few Soviet missile submarines, and given time perhaps more than a few. The
US Navy plans to take advantage of this capability by trailing some Soviet
SSBNs in peacetime, and destroying them immediately upon the outbreak of
conventional war. In addition, some Soviet SSBNs would probably be de-
stroyed by US mines or by US attack submarines operating “far forward,”
engaged in a random search for Soviet submarines.

This raises several important questions: How much capability does the
United States have to destroy Soviet strategic submarines? How much would it
cost in general purpose naval forces for the US Navy to achieve various levels of
attrition of Soviet ballistic missile submarines? What might the United States
gain from destroying some Soviet missile submarines if it cannot destroy all?
Related questions concern possible Soviet responses to attacks on their strategic
submarines: How many missile submarines might the Soviet military command
be willing to lose? What portion of the general purpose naval forces might they
be willing to invest in defending the missile submarines?

There are four interlocking objectives that might be achieved by a partial
US strike (or threatened strike) against Soviet missile submarines. The first is
significantly limiting damage to the United States—that is, eliminating at least
some of the weapons that can strike the United States. Without nearly complete
elimination of the Soviet submarines and all other strategic forces, however, an
attempt to limit damage is of questionable value for protecting population in an
era of massive overkill,

A second potential objective is to help win a conventional war by means of
a strategy of “‘horizontal escalation,” in which a stalemate or US disadvantage
in one theater of war is offset by a deliberate shift and escalation to strategic
antisubmarine warfare. We know that the Soviet Navy places a very high
priority on the ability to launch submarine-based missiles against the United
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Potentials and Limits of
Passive Acoustic Detection

are called passive Sonars; those that emit a sound that reflects back from a target
submarine hull are called active sonars, In the past, passive detection offered
longer detection range against noisy targets in deep water because active sonar
could not emijt sufficient power for very long round-trip propagation, and it
was hampered by reverberation of the emitted pulse off the ocean bottom, the
surface, and particles and Organisms in the sea. In addition, a submarine using
passive sonar could detect a submarine using active sonar severa] times farther
away than the user of the active sonar could detect it. Recently, however, as
submarines have become €xtremely quiet, the relative importance of actjve
sonar is beginning to grow. The most recently developed classes of US strategic
and attack submarines are so quiet that they are detectable at longer ranges with
active sonar than with passive Sonar. Nonetheless, the use of active sonar
remains unattractive because it entails a high risk of detection and counter-
attack. Drawing on material in several of the appendixes, this section summarizes
the potential capability of passive detection, with emphasis on prospects for
technical breakthroughs, The emphasis on passive detection, especially in the

context of submarines’ hunting other submarines, reflects the fact that subma-

the sound, and jts distribution among various frequencies, The standard mea-
sure of intensity is the decibel (dB), which is ten times the logarithm (base ten)
of the intensity of a given sound relative to a standard reference intensity: for
example, a sound that js 10 times louder than the reference is 10 dB higher; a

sound 100 times louder is 20 dB higher. Frequency is measured in cycles per

hertz are considered “low”’; those between a few hundred and a few thousand
hertz are “medium” frequencies.

Most sounds contain aspectrum of frequencies of different intensities, The
Spectrum may contain a continuous distribution of sound energy over a broad
band of frequencies: this will sound like 3 hiss. Rapidly turning propellers
create small bubbles that generate such a noise, called cavitation noise. A sound
may also be composed of several distinct tones at several discrete frequencies. A
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musical chord is such a sound, containing three of imore individual tones that
combine to make a pleasing sound. Rotating machinery on submarines gener-
ates sounds that lie in narrow frequency bands. Nuclear submarines within a
particular class, equipped with the same machinery, generally share a similar
narrowband frequency spectrum. With this information passive sonar opera-
tors can sometimes identify the nationality and class of an unknown submarine.
Unique machinery noises may even permit identification of a particular sub-
marine.

Submarines make different kinds and levels of sound at different speeds.
When a nuclear—powered submarine 18 stopped, it must continue to run reactor
cooling pumps, generators, and air conditioning. These generate narrowband
spectra that are relatively independent of speed. As the submarine begins to
move slowly, narrowband turbine and gear sounds in the propulsion system are
generatcd, some of which are speed dependent. In addition, the individual
blades on the slowly moving propeller (less than 60 rpm), act as 2 low-level
sound source as they rotate through the nonuniform flow behind the subma-
rine. At speeds of 5-8 knots (9.3—14.7 km/hr), US and Soviet submarines
produce sufficiently low levels of noise t0 permit the use of their own passive
sonar systems. At higher speeds, turbulence near the passive arrays as well as
the submarine’s OWn noise begin 10 reduce the effectiveness of that submarine’s
passive sonars. Finally, at speeds in €XCess of 25 knots (46 km/hr) or so, at
moderate depths, cavitation noise may set in, rendering the passive systems
useless. At the “quiet” speeds of up 1o 8 knots (14.7 km/hr), the US subma-
rines are much quieter than Soviet submarines. On the other hand, a US
submarine running at high speeds at shallow depths will produce about the
same cavitation noise as a Soviet submarine operating under the same condi-
tions. However, at moderate depths and high speeds US submarines probably
do not cavitate, whereas Soviet submarines may, giving the United States an
acoustic advantage during «gprints.”” From a tactical standpoint, the relative
sound output at quiet speed is probably more important, since that is the speed
at which US and Soviet attack submarines hunt.

Passive sonar systems have advantages oVer active ones in that they emit no
energy and are covert; they can in some circumstances provide information on
the type of submarine being detected through jts particular sound signature (in
the way that people have 2 characteristic voice signature); and they can detect
loud sounds at very long ranges. Their disadvantages are that they must us¢
long arrays of underwater microphones (hydrophones), such long arrays must
be fixed on the sed floor or towed slowly on long cables behind submarines Of
ships, and from a single measurement, most passive sonars yield information
only on the direction to the target. The latter is important because both dis-
tance and direction to the target is necessary to launch torpedoes Of other ASW
weapons. The size of the array is very important because to receive low fre-
quencies (below 100 Hz) efficiently requires the use of line arrays longer than
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In this chapter [ discuss only the sensitivity of passive Sonars, that is, the
maximum detection range against quiet submarines, This discussion is in the
context of long surveillance arrays like the Us SOSus, which is planted
between Greenland, Iceland, and the United Kingdom, or long arrays towed
behind submarines or surface ships. From g tactical Standpoint, ap €qually
important question is how efﬁciently 2 passive sonar System can localize its

they process narrowband signatures; and by discriminating against ambient
noise arriving at the array from directions other than the direction of the target.
These parameters cannot be improved without limit, however, The internga] and
surface motiong of the sea and its spatia] variability conspire to impose restric.-
tions on sonar improvements that are extremely difficult to overcome,

The goal of signal Processing is to enable the sensor operator to discrimj-

noise) and datg that indicate the presence of a submarine (ambient noise plus
signal).8 The smaller the “signal-to-noise” ratio (that is, the quieter the subma-
rine or the louder the ambient noise), the more difficult it wij be to discrimij-
nate reliably between Cases where the submarine js Present and those where it is
not. The most basic mode] of passive sonar signa] detection can be imagined ag

threshold, 4 signal interpreted ag a submarine Sound is “detected” by the
processor. The smaller the increment between the average ambient nojse level
and the detection threshold, the sma]ler the signal that can pe detected.

Both background noise and submarine-generated signals are random varj-

s
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value of avoiding false alarms. The «hunter’s” situation can be improved by
reducing the variance in the signal processor’s estimate of the ambient noise
level. This can be done by simply taking a larger sample of the noise: that is,
using a longer time period over which data are averaged. With less variance in
the noise estimate, it is possible to set the threshold lower without increasing
the false alarm probability. Doubling the averaging time of a sonar processor
would yield a 40 percent (1.5 dB) decrease in the detectable signal-to-noise
ratio if the statistics of the signal and ambient noise remained constant.

Fluctuations in the signal are introduced, however, a8 the target submarine
moves through the nonhomogeneous s€a. In addition, the sea’s internal waves
and currents cause fluctuations in the transmission of both signal and noise. As
a result, some measurements have indicated that the detection capability of a
sonar system does not improve consistently with longet averaging times: 2 1.5
dB decrease in the detection threshold has been observed as averaging time
doubles up 10 0.5 seconds, but increases in averaging time between 0.5 and 120
seconds have in some circumstances had little further effect on the threshold.
Although it is not clear how general this result is, it does suggest one fundamen-
tal physical constraint on improvements in passive sonar signal processing.9

This effect of the nonhomogeneous sound transmission medium of the
ocean can be partially circumvented by accumulating samples of the signal in
the computer for a series of short periods and then representing successive
estimates of the spectra of those samples on @ visual display where a human
operator averages them visually. In one type of display, a few seconds of data
are averaged, and then across an electronic screen on which frequency is dis-
played horizontally, a black mark is made if the threshold is exceeded at a given
frequency. Successive observations of the frequency spectrum of the ocean
noise are displayed one below the other. When a target is just on the threshold
of detectability, its signature may be just high enough to appear for a brief
moment and then fade, so in looking down the screen, there may be places
where the submarine sound is apparent, below which there may be nothing. A
human operator can recognize such a pattern and ignore the blank spots where
the signal fades, whereas a system that integrates a long period of “no signal”
together with brief periods of “signal present” might well miss the signal. The
method of using human operators as part of the processing seems to yield some
improvement over purely automated detection systems.

A second limit on integration time is tactical: the time available for a
decision may not be sufficiently long to permit extended integration. As the
target submarine moves, it may lose the tracker or move beyond range of attack.

A third limit on integration time is that longer integration times degrade
the gain of listening array. As integration time lengthens, the ocean appears 1o
be a less coherent transmission medium, and array gain depends on signal
coherence. Under Arctic and shallow water ice, where much of the hunt for
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Soviet SSBN; would occur, the ambient noise jg generally different from that
found in open seas. The cracking of ice due to temperature changes and the
banging and rubbing of jce floes generate ambient noise, which, though similar
to open ocean noise in intensity, may not share jts Statistical properties. The
ordinary mode] for determining whether or not 3 signal is present on top of
noise assumes that both signal and nojse have bell-shaped probability distriby-
tions around the mean. A specific bell-shaped distribution cajled the Gaussian
distribution s assumed. By using detection-decision criteria that rely on the
impulsive, non-Gaussian character of underice noise, the performance of 5
Sonar may be improved (that is, the detection threshold lowered) by a few to as
many as 12 dB.10 Thjs does not mean, however, that detection conditions under

ice are always better than in the open sea,

frequency bands, matching the widths of the individua] tones (called tonals in
the jargon) of the source. For €xample, if there is 3 1-Hz-wide submarine tona]
embedded in broadband noise, then a matching filter that is | Hz wide will
admit all of the signal energy but only a smalj fraction of the noise energy,
thereby maximizing the signal-to-noise ratio. Narrower filters would reduce
the signal at the Same rate as they reduced the noise, leaving the signal-to-nojse
ratio constant, Wider filters would admit more of the broadband noise, while
leaving the signal energy constant, reducing the signal-to-nojse ratio. Since the
cost in terms of processing time and complexity increases a5 the filter band-
width decreases, the optimum bandwidth s that which just matches the nar-
rowest tonal width.

If the submarine generates a fixed amount of acoustic energy in a tonal at g
Pparticular frequency, then the narrower that tonal, the narrower the filter
bandwidth that can be used to match 1t, and therefore the higher the signal-to-
noise ratio, Many of the rotational machines on submarines have very high
inertia and rotate at nearly constant Speeds. As a result, the vibrations they emit

through the ocean, their energy becomes Smeared over wider bandwidths,
partially due to interactions with internal waves and partially dye to reflections
off the moving sea surface, Minimum transmission bandwidths may vary from
0.01 Hz to 1 Hz, depending on Ocean conditions and interactions with the sea
surface.!! By Spreading the submarine nojse €nergy over wider frequency
bands, the sea imposes a limit on improving the signal-to-nojse ratio through

oblige ASW sonar operators to use wide Processing filters to capture all of the
energy within one band, or, if Very narrow bands were used, would spread the
energy over severa] of them, preventing an accumulation of averaging time in
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any one of them. Either way, the signal-to-noise ratio (and therefore the detect-
ability) is reduced, even though the submarine is not actually quieter.

A third way to improve sonar detection capability is t0 increase the spatial
discrimination of the receiving array. To the extent that an array can accept
signals and noise from a particular direction while rejecting noise from all other
directions, itcan improve discrimination of signal against noise compared witha
nondirectional receiver. Under the idealized conditions of perfectly coherent
signals in an jsotropic noise medium (with noise arriving in equal measure from
all directions), this improvement, called the array gain, is proportional to the
ratio between the array length and the acoustic wavelength. This means that, in
theory, array gain might increase without limit. The spatial coherence of any
signal—that is, its statistical correlation from one point 0 the next—is limited,
however. Similarly, noise is never perfectly isotropic. Asa result, potential array
gain is limited.

Evidence available in the unclassified literature suggests that the maximum
array gain achievable under most circumstances, for long-range, low-frequency
detection with an arbitrarily long array, is about 20 dB. In cases when there are
many alternate transmission paths through the ocean between source and
receiver, the figure is probably lower. For small arrays—those associated with
sonobuoys, the Rapidly Deployable Surveillance System, and small, distributed
surveillance systems——the array gain at low frequencies is much lower.

This limit on improvements in array performance is partly responsible for
the shift in emphasis by the US Defense Advanced Research Projects Agency
(DARPA) in the early 1980s away from very longarrays for acoustic surveillance
to distributed systems with many short-range sensors.'? Cost-effectiveness con-
siderations probably also played a role in this shift. The cost of a passive sonar
surveillance system is roughly proportional to its array length, and the limits the
ocean imposes on increased gain with increasing length depress the ratio of
effectiveness to cost.

There is no known computational method for completely overcoming the
limits on improving the signal-to—noise ratio thatare imposed by the complexity
and variability of the ocean medium. Modern advances in signal processing
generally provide gains measured in no more than fractions of decibels. More-
over, ‘‘there are few processing tricks remaining that might lower the threshold
signal-to—noise ratio for detection faster than the rate at which the world’s
submarines are getting quieter.”"? Special computer processing of the arrays
themselves (as a part of signal processing) can adapt their functioning to the
statistics and spatial characteristics of the signal and noise fields. The principal
gain of adaptive processing, however, lies in discriminating between two sound
sources thatare close together, both exhibiting high signal—to—noise ratios; butin
ASW surveillance, the main problem is detecting very low signals buried in high
levels of background noise. Thus, adaptive processing is not likely to offer greatly
improved long-range surveillance of increasingly quiet submarines.
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In the 1970s, the DARPA Acoustic Research Center (ARC) was responsi-
h ;

and difficult to implement, 14
Since the limijts on improvements In array gain are related to the scram-

sufficiently fine scale. Since jt appears that interpa] waves generally dominate
the oceanic influences on signal Ccoherence (and therefore array performance),”
they determine the required scale of resolution. At the peak of the internal wave

resolution, the spacing of the sensors on the periphery must pe 2 km. With this
method, the torg] number of sampling stations js reduced from 250,000 to
2,000, However, at this density of deployment, it is more cost-effective to
install sonar arrays for detecting submarines directly than to use tomographic
arrays to analyze the acoustic field apd then add sonar arrays to detect subma-

Scattered throughout 5 surveillance area would require fewer sensors than g
tomography system and would, in addition, detect the high-frequency compo-



Strategic Antisubmarine Warfare * 15

improve the signal-to-noise ratio by a factor of 100 at most. These figures
should be considered the best that can be attained at low frequencies over long
ranges in deep water with idealized sonar array and processing systems. Under
most circumstances, in shallow water, for example, or on smaller systems, the
array gain will be lower and the detection threshold higher. For instance, it is
reported that the array gain associated with sonobuoys is on the order of 5 dB.

These figures are used in appendix 8 as the basis for estimating the detec-
tion range of a surveillance system in the Arctic Ocean and surrounding seas.
Separate estimates are given for the detection range of a passive sonar, detect-
ing a single, narrow-band signal of specified intensity, under the best and worst
expected conditions for detection. Since optimistic estimates are used for the
sonar system parameters, both the maximum and minimum detection ranges
should be overestimates most of the time. The most striking feature of the
detection range estimates is the large variance between the calculated minimum
and maximum. In most cases, the maximum range is greater than the minimum
by at least a factor of three; in some Cases, it is greater by 2 factor of ten.

There are occasional public reports of sonar detection range, but they ar¢
more misleading than instructive because they offer little or no information
about the conditions in which detections were made. Some reports have claimed,
for example, that submarines were detected at ranges of 3,000 to 6,000 miles
(6520—11,040 km), and were localized to circular areas with radii of 8 to 45
miles (14.7-83 km).!* One author asserts that «gQSUS can spot a sub any-
where in the ocean when conditions are favorable and pinpoint it within a
sixty-mile radius.”? The analysis in appendixes 4-8 strongly suggests that
while such detection ranges may have been possible, they are extreme cases that
are associated with only the noisiest submarines. Some modern submarines have
become quiet enough t0 avoid detection at ranges of tens of miles, even with
relatively good conditions for detection in the deep ocean.

Potentials and Limits of Nonacoustic Detection

Since most nonacoustic detection techniques involve the emission and detec-
tion of electromagnetic radiation, it is helpful to begin by reviewing the elec-
tromagnetic spectrum. Figure 1-1 shows the spectrum of frequencies in cycles
per second, or hertz (Hz), and wavelength (in meters), and the different kinds
of radiation in various regions of the spectrum.

The ability of electromagnetic radiation to penetrate seawater is a compli-
cated function of frequency. Frequencies that can penetrate deeper than a few
meters are those below 100 Hz and those above 1019 Hz. The lowest end of the
radio wave band, around 60 Hz (called extremely low frequency [ELF)), is used
for submarine communication. Between very high and very low frequencies,
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water 18 very nearly opaque t0 electromagnetic radiation except for a very
narrow band in the blue to blue-green portion of the visible spectruim.

At present it appears unlikely that any nonacoustic detection technology
will allow large-scale remote surveillance and localization of SSBNs on patrol
in the next 15 years. However, several phenomena and the technologies asso-
ciated with detecting them, particularly those associated with internal waves,
are not sufficiently well understood to be ruled out as irrelevant to the problem
of submarine detection. There are other potential uses for these technologies
that may be on the horizon: preventing the intrusion of hostile SSNs into
SSBN patrol areas; conducting limited surveillance at chokepoints for tactical
ASW; and permitting submarine-to-shore or submarine-to-submarine com-
munication.

All nonacoustic detection technologies still have major technological and
financial hurdles to overcome between the drawing board and an operational
surveillance system. Perhaps the most important problem is that all these sys-
tems can be incapacitated relatively easily by countermeasures: false targets,
jamming, OF direct attack. In general, the chief technical difficulty is not their
lack of sensitivity, but the very low signal-to-noise ratio, which cannot be offset
by increased sensitivity. If a submarine is cooperating, any of these systems can
be shown to work, but the single most effective countermeasure to all of them is
the target submarine’s operating elusively, so as to avoid them. As with acoustic
detection, a poorly operated submarine can be easy t0 find, and one that is
operated well is extremely difficult to find.

The following sections survey briefly the most promincntly discussed non-
acoustic technologies relevant to submarine detection. Where appropriate, I
have included statements made by the technical director of the US SSBN
Security Program, Dr. Edward Y. Harper, who reviewed the state of nonacous-
tic detection technology for the Senate Armed Services Committee in 1984. A
more complete analysis of the nonacoustic detection technologies is given in
appendix 3.

Magnetic Detection

The main obstacle t0 detecting the magnetic field associated with a submarine
is the low signal-to-noise ratio. As the sensitivity of magnetic sensors increases,?'
their sensitivity to the spatial and temporal fluctuations in the earth’s magnetic
field also increases. Some of this can be filtered, but not the part of the noise
that lies in the same frequency range as expected target signals. Therefore, the
signal-to-noise ratio, which is the most important measure of detectability, will
remain approximately the same. A second technical problem is that signal
strength decreases with the cube of range. Asaresult, 2 hundredfold increase in
sensitivity provides less than a fivefold increase in range. Current ranges in
quiet environments are on the order of a few thousand feet. This is useful for
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localization, but is much too short for large-area surveillance, Countermeasyres
0 magnetic detection are free-sw1mming electromagnets to generate false
targets, demagnetization of the hull, and use of nonmagnetic materials. The
United States currently employs false targets and demagnetization. It is not
known whether the Soviet Unjon uses false targets, but since the technique is
simple, they probably do. In addition, it is known that the USSR uses non-
magnetic materials in some of their submarines.

Magnetic detection devices, called magnetic anomaly detectors, or MAD,
are deployed on ASW aircraft for final localization. In the future, magnetic
surveillance acrosg relatively shallow barriers Mmay prove feasible for limited
surveillance. On the sea floor, moored on cables, on the sea surface, or on the
ice, magnetic SENSors can provide g passive backup to acoustic sensors. Since
magnetometers have g short range, large numbers must be deployed even fora
limited surveillance system. This makes low unit cost an important prerequisite.

Bioluminescence Detection

Once submarines are submerged beyond a hundred meters, there is very little
chance that there will be g strong turbulent disturbance at the surface, effec-
tively ruling out surface bioluminescence, or, the light emitted by living organ-
isms. In addition, powerfy] bioluminescent activity at submarine diving depth

is not known to be a widespread phenomenon, and any bioluminescent light

detection of bioluminescent disturbance, the most effective being simply to
remain at depths below one hundred meters or $0, in order to avoid disturbing
the surface,

S ubmarine-generateq S, urface Waves

Two types of surface wave are generated by submarines: the near-field wave or
Bernoulli hump, which exists directly over the submarine and a few hundred
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meters behind it; and the far-field or Kelvin-type wave, which may persist for
thousands or tens of thousands of meters behind. The far-field wave is equiva-
lent to the wave pattern that is visible behind a moving surface ship, except that
behind a submerged submarine, the wave field is much weaker. Under normal
patrol conditions, the near-field wave is on the order of a millimeter high, and
the far-field wave is not apparent. Edward Harper said about the near-field
wave, ‘‘that miniscule displacement at the surface is completely swamped by
the wave action at the surface.”??

The moving submarine generates an underwater pressurc disturbance that
is associated with the surface near-field wave. Very low frequency pressure or
acoustic sensors could be used to detect this signal, but only at very short range.
Some underwater mines use this signal as 2 triggering mechanism.

Submarine-generated Internal Waves

As a submarine moves through the stratified water of the thermocline, it creates
an unstable cylindrical wake that collapses and produces internal waves. Unlike
surface waves, internal waves are oscillations of internal temperature layers,
and they cannot be seen on the surface directly as variations in the surface
height. They can, however, affect the radar-reflecting properties of the surface
by modulating surface ripples. Internal waves can generate surface currents,
which, in turn, can change the characteristic wavelengths of capillary waves or
very short (on the order of 10 cm) gravity waves. These surface currents can also
cause the naturally occurring film of organic matter and oil to thicken into
bands that alter the surface tension and the thermal and microwave emissivity
of the surface. The change in the surface tension can alter the characteristics of
the capillary waves, thereby altering the radar-scattering properties of the sur-
face. To give an example, according to Harper, the SEASAT A satellite passed
over US missile submarines four times during its period in orbit, including
once over a submarine traveling at 5.5 knots (10 km/hr) at the very shallow keel
depth of about 58 feet (18 meters). In no case was the submarines’ presence
apparent in the radar data presented to Congress—a result consistent with the
US Navy’s theoretical analysis, according to Harper.?* In addition, naturally
occurring forces can modulate surface ripples, generating noise and even false
targets.?* According to some Navy officials, recent tests from the space shuttle
confirm the judgment that surface effects due to submarine-generated internal
waves cannot be reliably detected.

It would seem from official US Navy statements that detection of internal
waves from their surface effects could not provide even a partially effective
system for area surveillance or even barrier detection. However, some Soviet
statements have been interpreted as hints of a “breakthrough” in this area, and
some “leaked” US reports suggest this possibility. Currently the weight of
available evidence does not supporta Soviet “breakthrough.” A striking feature
of the evidence regarding synthetic aperture radar (SAR) detection of internal
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on the other hand, is explicit on the subject of the infeasxbility of the technol-

Temperature Change ar the Surface

There are several mechanisms by which a submarine can change the apparent
temperature of the sea surface, and it is usefy] to separate them in order to
avoid confusion. The submarine may mix deeper, colder water up to the sur-
face, or heat the water with 1ts reactor cooling System, both of which processes
actually change the water temperature, Submarine-generated wakes, vortices,
or internal waves may cause surface currents, which in turn Sweep organic and
oil surface films into thicker or thinner layers. These layers of film change the
apparent temperature of the surface by altering the emissivity of the surface, in
either the infrared or microwave regions of the Spectrum. These phenomena are

the diameter of the wake is about equal to the hull diameter, 36 feet (11 meters).
At a thousand times that distance (over a kilometer), the diameter of the wake is
theoretically only 204 feet (62 meters). This means that it extends only 50 feet

water, causing the wake to become buoyant. As the wake expands and pulls in
more cold water, however, its temperature decreases rapidly to a few hun-
dredths of a degree centigrade above the ambient temperature., In ocean waters
as far north as the Norwegian Sea, solar heating of water near the surface
ensures that as the slightly heated wake rises, it will encounter an equal temper-
ature in the ambient water, causing its buoyancy force to disappear. As a result,
the buoyancy introduced by reactor heating probably does not significantly
affect the growth of the wake.

i

i
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The second main reason that the submarine wake does not reach the sur-
face is that within 2 few miles behind the submarine, the wake collapses.
Because the wake contains a mixture of cooler watet entrained from below and
warmer water from above, its temperature is slightly warmer than the water
below it, and slightly cooler than the water above it. (In this context, the reactor
heating effect is negligible.) This creates an upward force on the bottom of the
wake and a downward force on the top, which collapse it. The rat¢ of change in
ambient temperature with depth determines how far behind the submarine the
wake will collapse. In waters where the temperature changes with depth, such
as the North Atlantic, it may occur just a few hundred meters behind the
submarine; in waters closer 10 the Arctic, where the water temperature is more
nearly uniform, it may occur several kilometers behind.

An important caveat is that the influence of reactor heating can be ne-
glected only if the submarine is moving at more than a few knots, SO that the
water it heats is quickly diluted. A stationary submarine in the Arctic, where
the water is cold uniformly throughout its depth during the winter, can easily
cause a measurable temperature rise at the surface. If a stationary submarine
remains under relatively thin ice for long, it may leave a persistent temperature
scar on the surface of the ice.

For these reasons, submarines moving at patrol speeds in areas where there
is some solar heating are very unlikely to cause temperature anomalies at the
surface.?> Since temperature anomalies can be detected remotely only if they
appear on the surface, it follows that wake or temperature anomaly detection
holds very little promise as 2 means of detecting submarines. Harper described
experiments in which detectable surface wakes were deliberately generated by
submarines, but indicated that under normal operating conditions, this was not
a problem for SSBN security.?® In 2 discussion of wake detection before a
closed session of the House Armed Services Committee, Adm. Nils Thunman
(Deputy Chief of Naval Operations for Submarine Warfare) stated that “if you
operate the submarine properly, [the Navy has] found no evidence of any
system that can detect [deleted].”27

Lidar

Lidar is a means of detecting an object by reflecting laser light off of it. If alaser
in the atmosphere 0f in outer space fires 3 short pulse into the water, light may
be returned because of three processes: §Y) backscattering from clouds and
airborne particles, 2) reflection from the sea surface, and (3) reflection from a
submerged submarine or from the much larger submarine wake. Of the three,
backscattering gives the most powerful return; surface reflection is one or two
orders of magnitude below that; and the reflection off a submarine at 330 feet
(100 meters) depth is further reduced by many orders of magnitude, because of
the high attenuation of light in water and the low reflectivity of the flat black
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surface of the Submarine, A submarine at relatively shallow depth may, on the
other hand, reflect less light than the natural backscattering Processes in the
ocean. In such 3 case, lidar woulq attempt to detect a dark spot in the ocean,
rather than ap anomalously high reflection. The signal Processing problems
involved in distinguishing either a dark SPotor a light spot from the ocean and
atmospheric backscatter and reflection are very similar, however,

In order to differentiate the very weak submarine reflection or absorption
from the much more intense seq surface reflection, the laser pulse duration
must be shorter thap 0.1 microsecond, which js approximately the round-trip
travel time of light between the water surface and g Submerged Submarine,
Longer pulses will cayse the powerfuy] surface reflection to interfere with the
weaker submarine reflection or absorption. In the atmosphere, however, even
with the thinpest of clouds, backscattering will cause such short pulses to

Detection of Submarine M issile Launch,

When an SSBN fires 3 missile, it emits g powerful acoustjc signal from the
escaping gases in the water, and Nonacoustic signals jp the form of heat from
the engine, radar reflectance of the missile, and g visual Vvapor trail from the
missile exhaust. Although these signals are transient phenomena, they may be
powerful enough to point ASW forces to their source. For the case in which an

No information is available regarding the time required for Sovjet SSBNs
to launch aj] their missiles; but in one test, two SS-N. ~20 missijles were launched
within 15 seconds.30 It seems Teasonable to assume that launch times for Soviet
SSBNs are comparable to those of U SSBNs. With such short firing times, j¢
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is unlikely that either US or Soviet submarines could be located, targeted, and
attacked by a remotely Jaunched weapon in time to catch and destroy them.

If the SSBN is supposed t0 participate in limited nuclear strikes, it must be
able to fire a few weapons and then move far enough away to escape detection
and attack. This may be one of the few circumstances in which high speed is
useful to an SSBN. Command and control problems may well be the limiting
factors in the ability of SSBNs to conduct limited strikes, retargeting, and
follow-on attacks.

Platforms for N onacoustic Sensors

A basic question in using nonacoustic sensors for surveillance 18 where to put
them. The choices are 10 put them on aircraft or satellites or to fix them in the
ocean itself. Aircraft have the advantages of low altitude and flexible maneuver-
ing. Low altitudes give short-range sensors relatively high spatial resolution
and avoid cloud cover—an important factor for sensors in the visible and
infrared bands. In addition, on aircraft sensitive equipment such as laser com-
ponents and short-lived power supplies can easily be replaced. The disadvan-
tages of aircraft are that they cannot operate over hostile territorys; their search
time is limited; and, most important, for a given time period, the area they can
survey at lower altitudes is much smaller than the area that can be surveyed by
satellites at higher altitudes.”'

When a satellite’s circular orbital period (which 1s determined by altitude)
is the same as the period of the earth’s rotation, the satellite will remain above a
fixed location on the earth’s surface. As one author points out, however, such
geostationary satellites ‘‘are 100 high [40,000 km] for the effective use of most
ocean surveillance sensors, which are usually found on satellites whose orbits
do not exceed 1000 km.”’3? Satellites in low orbits spend less time over a
particular region of the earth so that many satellites would be needed to provide
coverage of SSBN patrol areas.

As an example, consider the characteristics of the SEASAT A synthetic
aperture radar (SAR). During its brief life, it operated at an altitude of 432 nm
(800 km) and had a swath width on the surface of 54 nm (100 km). At that
altitude, a satellite in a circular polar orbit would circle the earth every 100
minutes. During one orbit, the earth would rotate through 25 degrees of
longitude.

Soviet SSBN patrol areas in the Arctic are probably limited to regions
north of 70 degrees porth latitude, an area that covers the entire Arctic and
about half the Norwegian and Greenland seas. At that latitude, the swath width
of the SAR would cover about 2.5 degrees of longitude. Therefore, in order t0
cover the entire region every 100 minutes, about 70 satellites, each carrying one
radar, would be needed. The number of satellites could be reduced in a number
of ways: more radars could be mounted on each satellite; the radars could be
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The persistence of submarine-generated surface phenomena could con-

direction of g target, making the task of correlating successive observations
more efficient.

Many nonacoustic detection methods work best under the same condi-
tions: when a submarine is moving at high speed in a shallow depth in some
combination of calm seas, clear skies, clear water, and perhaps darkness. Such
methods include infrared sensing, lidar, and other optical methods. Conversely,
when conditions are unfavorable for one of these nonacoustic sensors, they are
unfavorable for the others. Simply operating the submarine at deep levels,
below 330 feet (100 meters), drives the signal-to-noise ratio to extremely low
levels. Additiona] security can be gained by a relatively smalj increase in depth.
As an expert on the Navy’s SSBN Security Program has testified, “essentially
all nonacoustic phenomena are attenuated by water,**33 The analysis presented
in this study largely supports this Statement, Particularly in the cases of lidar
detection, detection of surface waves, detection of actua] temperature changes
in the surface layers, bioluminescence imaging, and magnetic anomaly detec-
tion. The analysis in this study provides much less support for this statement in
the specific context of detection of submarine-generated internal waves and
their surface effects,

The Soviet interest in nonacoustic detection is usually described in terms
of a hypothetical threat to US SSBNs. Given the Soviet Navy’s shift in 1960
from anti-carrier defense to anti-Polaris defense, the emphasis on nonacoustic
detection of SSBN's may have been the Soviet priority in the 1960s.34

According to Michael MccGwire, a Soviet shift in doctrine in late 1966 put
as the top Soviet military objective “avoiding the nuclear devastation of Rus-
sia.”’35 With this objective came the requirement of maintaining and protecting
the Soviet SSBN fleet as a form of “insurance” lest US technological develop-
ments put the Soviet land-based nuclear forces at risk, 3 By the late 1960s, the
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detection would probably have been seen as a way of contributing to the
survivability of Soviet SSBNs, and therefore an important technological means
of supporting the main Soviet military objective.

Since most emerging nonacoustic detection technologies are most easily
implemented on a small scale in limited areas, it seems likely that on the Soviet
side these technologies will initially be used with the greatest effectiveness for
detecting US attack submarines in and around Soviet Arctic and Pacific home
waters. Such systems could supplement Soviet acoustic surveillance, which is
likely to be well developed. This would not only help protect Soviet SSBNs,
but would also provide vital practice and evaluation prior to any attempted
large-scale implementation. For these reasons, developments in nonacoustic
or acoustic technology should be observed in Soviet barrier operations against
US SSNs before they can employ it effectively in large-area surveillance,
searching for US SSBNs in millions of square miles of ocean.

Destruction of Submarines

Once a submarine is localized, the likelihood of destroying it will depend on the
time late of the weapon, the destructive radius of the weapon, and the possible
means of countering it.’® The ASW weapons in the US and Soviet arsenals fall
into two general categories: conventionally armed torpedoes that compensate
for time late by seeking out the target, and nuclear depth charges that compen-
sate for time late with a large destructive radius.* The standard heavy US
ASW torpedo, the Mk 48, has a maximum range of about 21 nm (38 km), a
maximum speed of 55 knots (100 km/hr), and a maximum depth of 3016 feet
(914 meters). Almost no information is available regarding capabilities of Soviet
ASW torpedoes. The Submarine Rocket (SUBROC) rocket-propelled nuclear
depth charges fired from US submarines can reach 10 to 15 miles (19 to 28 km),
and various reports say that its successor, the ASW Standoff Weapon (ASW/
SOW), may reach 35 to 100 miles (64 to 184 km).*’

Torpedoes using active sonar to home on a submarine can be deceived by
mechanisms that generate loud broadband noise to mask the echoes or that
return false echoes; those using passive sonar can also be jammed or else
deceived by mechanisms that simulate submarine noises at some distance from
any actual submarine. Nuclear depth charges cannot be countered, but their
destructiveness requires that if they are launched from a ship or submarine,
they must be boosted over a considerable distance, and this increases the time
late. This disadvantage to the attacker can be avoided by dropping nuclear
depth charges from the very ASW aircraft that localizes the submarine.

Barrage is another method of compensating for uncertainty in localizing or
detecting submarines. In analyzing barrage requirements, there is a basic trade-
off between the numbers of weapons used and their yields (and, thus, destructive
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radii). Most discussions of ASW barrage concern the potential destruction of
submarines throughout whole seas and involve calculations of the use of very
large numbers of high-yield nuclear weapons.

There are three main ways in which a large underwater explosion can
render a strategic submarine incapable of performing its mission: hull rupture;
shock damage to systems controlling depth, life-support, or sensitive instru-
ments relating to its ballistic missiles or to the missiles themselves; and wave
overturning. So little is known about these mechanisms that the US Navy’s Mk
45 nuclear-tipped torpedo became unpopular with submarine operators, who
were never sure whether its detonation would damage their own submarines. 4!

The hulls of US submarines are designed to fail at the depth where the
pressure hull yields to static pressure. I assume that if the peak overpressure
imparted by a nuclear explosion raises the static pressure on the submerged
submarine hull beyond its yield pressure, the submarine hull will be ruptured.
This may not be as good an assumption for some Soviet double-hulled subma-
rines, which may have a few feet of water between the two hulls. Experiments
using high explosive charges at relatively close ranges have suggested that the
peak overpressure incident on the inner pressure hull of a double-hulled subma-
rine may be as low as half of the pressure that would be imparted to a single-
hulled vessel.®> On the other hand, theory suggests that the approximately
planar pressure wave from a relatively distant nuclear explosion would be
transmitted through an outer hull with little attenuation.*? It is also possible
that deformation of frames or even rupture of internal seawater systems, such
as cooling loops, might be a mechanism for hull rupture, although there is not
enough information in the open literature to evaluate such potential effects.

In a study on shock testing of submarines performed in the early 1960s, it
was found that ““in some cases disabling [submarine] casualties have occurred at
shock factors only a fraction of those required to cause hull splitting or even of
those which would probably cause serious personnel casualties.” Most of these
failures were caused by installation errors or poor housekeeping; only 10 per-
cent were due to inadequacy of properly tested components.** Thus, it is likely
that unpredictable effects may determine the actual “kill” radius of a nuclear
weapon, which may be considerably greater than the theoretical hull-rupture
range.%

Another important class of damage is that to internal systems of the mis-
siles and their fire control systems. The gyroscopes in the ship’s inertial naviga-
tion system or in the missiles’ guidance systems can be damaged by shock,
which would render the missiles useless. Separation joints between missile
stages are weak spots, and the solid propellant casting is sensitive to cracking
and crumbling.

From the viewpoint of the attacker, however, planning to rupture hulls
probably offers the highest confidence of incapacitating all the submarines in a
given area. I therefore adopt this conservative assumption. In addition, lacking
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more detailed information on Soviet submarines, I assume that what is true of
US submarines is also true on the Soviet side. It should be noted, however, that
features such as double hulls may suggest greater emphasis on shock survivabil-
ity in Soviet submarine design.

According to one Soviet study of US sources, the collapse depth of the
Thresher and Ethan Allen classes was about 1,650 feet (500 meters).*° Standard
Western sources such as Janes Fighting Ships give 990 feet (300 meters) as the
maximum operating depth of US submarines. Allowing a factor of 1.5 as a
safety margin, this implies a collapse depth of 1,485 feet (450 meters).*” For the
purpose of evaluating barrage requirements, 1 estimate conservatively that in
general submarine hulls will rupture under the pressure created by about 1,650
feet (500 meters) of seawater. For a submarine at 330 feet (100 meters), the
additional static overpressure that must be applied to rupture the hull is 590
pounds per square inch (psi). Table 1-1 shows the ranges at which nuclear
explosions of various yields will produce such overpressure.

The surface waves generated by a nuclear explosion are high, particularly
the first wave, which propagates outward; but they are not higher than the
waves generated by a prolonged, severe storm. A 1 MT bomb detonated in
water as deep as the Barents Sea or the northern Sea of Okhotsk (typically
660-1,320 feet [200-400 meters]) will generate a wave with a height of about
20-30 feet (6-9 meters) at a distance of 4 miles (7.4 km) from the explosion.
This wave has a period of about 38 seconds*® and is not breaking.*®

The length of the wave will be about 4,800 feet (1,475 meters),*° and the
slope of the water surface along the wave will be about 1 degree. Given such a
wave, a submarine submerged at 330 feet (100 meters) would probably be
unaware of the tilt. The maximum horizontal acceleration would be about 0.02
g’s at that depth—hardly perceptible. The entire submarine would move gently
with the underwater motion. Even at the surface, the entire submarine would
simply rise and fall, without tilting, in a slow elliptical motion.>!

In sum, it is clear that at a range of, say, 4 nm (7.4 km) from a 1 MT
explosion, the shock and hull rupture effects will dominate the wave effect.

Table 1-1
Yield-range combinations for achieving 590 psi
overpressure underwater

Range for 590 pst
Yield (meters) (yards) (nm)
200 kT 4,550 5,000 <1
1 MT 7,280 8,000 4
5 MT 12,700 14,000 7

Source: Samuel Glasstone and Phillip J. Dolan, The Effect of
Nuclear Weapons (Washington, D.C.: US Government Printing
Office, 1977), p. 271; read from figure 6.115.
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Explosion waves must shoal into very shallow water before they become steep
enough to topple a submarine,

Several sources have given estimates of the kill radius of a | MT weapon
against submarines. Daniel reviews statements by former US Secretary of
Defense Harold Brown and former US Director of Defense Research William
Perry which suggested radii of 5 nm (9.2 km) and 3.5 nm (6.4 km), respec-
tively.5? Another author quotes a “DoD source” in giving an estimate of 4 nm
(7.4 km).>* Shallow water bursts deliver less energy to water than deep water
bursts, according to Glasstone and Dolan,’* but it is unclear how much less.
Sidney Drell has calculated that a 1 MT weapon detonated near the bottom can
destroy a submarine at a range of 1.5 nm (2.8 km), but he assumes “very
conservative damage criteria.”>> One report claims that a 10 kT bomb can
destroy a submarine at 495 feet (150 meters) depth out to a range of 1.2 nm (2.2
km).>¢ A Soviet analysis of “foreign sources” from the late 1950s gives the
destructive radius of a 2.5 kT bomb (explosion depth 100 feet [30 meters],
submarine depth 200 feet [60 meters)) as 1,980 feet (600 meters), and that of a
10 kT weapon as 5,280-5,610 feet (1,600-1,700 meters).5

In one major 1955 experiment called Operation Wigwam, a 20 kiloton
underwater nuclear weapon was detonated at a depth of 2000 feet in deep water
near some submerged scale models of World War IT vintage SS 567 class
submarines in order “to determine the lethal range for an atomic depth charge
against a submarine target.””>® Results from that test and others suggested that
peak total pressure required to rupture the hull was 1.5-1.9 times the maximum
static pressure resistance of the submarine. The pressure had to remain high for
at least 4 milliseconds in order to cause damage, and the orientation of the
submarine to the explosion was not an important factor in the vulnerability of
the hull to the pressure wave.>® It was also shown that the vulnerability of the
hull was not sensitive to the presence of heavy internal masses, such as heavy
machinery.°

Operation Wigwam provided data on the relationship between target depth
and lethal range from a nuclear weapon. Hull collapse pressure of the targets
was 655 pounds per square inch. For the 20 kiloton weapon against targets at
various depths, the lethal ranges were as follows: 100 feet, 0.8 nm; 200 feet, 1.0
nm; 400 feet, 1.3 nm; 600 feet, 1.6 nm; 800 feet, 2.1 nm. Since lethal range
scales with the square root of weapon yield, the lethal range of a 1 megaton
bomb can be calculated as follows: 100 feet, 5.7 nm; 200 feet, 7.1 nm; 400 feet,
9.2 nm; 600 feet, 11.3 nm; 800 feet, 15 nm. The Wigwam test also showed that
an increase in weapon depth from 500 to 2,000 feet increases the lethal range by
about 20 percent.®! Against modern submarines, the lethal ranges should be
shorter, since the Wigwam targets were made of HTS steel, with a yield
strength of 47,000 psi, and modern submarines are made with HY-80 steel,
with a minimum yield strength of 80,000 psi. This suggests that the kill radius
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against modern submarines is about half the figures given above, where the kill
mechanism is hull rupture.

McCue has pointed out that the area over which a given overpressure is
achieved scales with yield and numbers in the same way as the formula for
aggregating yields into equivalent megatons (EMT).52 As a result, the area that
can be covered in a barrage by weapons of varying yield is a simple function of
total EMT, specifically, the product of total EMT and the area within the
destructive radius of a 1 MT bomb. Taking account of the need to cover gaps
between the circles of lethal radius and to allow for warhead accuracy of 1,220
feet (370 meters) circular error probable (CEP), the number of weapons that
must be used to barrage a given area increases by 35 percent.®3

Comparing the various estimates, it seems that 4 nm is a reasonable esti-
mate for the kill radius of a 1 MT weapon in water as deep as the typical Soviet
SSBN patrol areas or deeper. The uncertainty in this or any other estimate is
very large, however, and any result based on it should be viewed as approxi-
mate. The actual destructive radius depends on the depth of the burst, the
water depth, the depth of the submarine, and other factors. This result is
considered to be conservative (a low estimate of the destructive radius) and will
be used in the discussion of threats to US and Soviet SSBN fleets. It will be
shown that neither the United States nor the USSR has sufficient EMT to
barrage large areas if the kill radius is 4 miles, so if the true radius of kill is
lower, the conclusion that area barrage is impractical is unchanged. On the
other hand, there is no evidence that a very reliable kill mechanism exists much
beyond 4 miles, so that an attempt to barrage using wider spacing may not be
likely to result in destroying the great majority of SSBNs with high confidence.
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US ASW Threats
to Soviet SSBNs

destroy Soviet SSBNs by means of the various ASW tactics and tech-

nologies outlined in chapter 1. Within each section of this chapter, the
ASW problem is analyzed in the context of actual operating areas and force
levels. Where the text draws on a more detailed appendix, it gives only the main
outline and conclusions. Intended as a general framework for policy analysis,
the chapter devotes little space to particular new research and development
projects, which are regularly described in detail in other sources.'

T his chapter discusses the prospects for the United States to find and

Soviet SSBN Operating Policy

Soviet SSBNGs carrying the 4,200 nm-range SS-N-8 and SS-N-18 missiles can
target most of the continental United States from ocean areas within a few
hundred miles from their ports in Murmansk in the Arctic and in Petropav-
lovsk in the Pacific.? Figure A8-1 in appendix 8 shows the coverage of these
missiles from near their ports, and it is apparent that parts of the continental
United States are not covered. With the SS-NX-23 missile, which will to some
extent replace the SS-N-18, Soviet SSBNs will be able to target the entire
United States from port.> In practice, Soviet SSBNs can travel in the shallow
ice-covered waters of the Soviet Arctic continental shelf, which is about 500
miles wide and thousands of miles long. They can travel in the central Arctic
under the ice pack, and they can travel (at greater risk) in the North Atlantic
and North Pacific.

The Soviet Navy maintains an average of about 15-25 percent of its SSBN
fleet at sea at any given time, a figure that has remained fairly constant over the
past 10 years, though it may be increasing.® There are a number of reasons for
this rate, which is low compared to the 50-66 percent at-sea rate of US subma-
rines. The Soviet SSBN force (other than those forward deployed such as the
Yankee and the occasional Delta) may be more narrowly assigned to the mis-
sion of providing a surviving strategic reserve force than is the US fleet. A
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strategic reserve is intended to ride out an entire war, including a general
nuclear war, and be prepared to provide a capability to strike the United States
during the war or after the war is over, no matter what happens. The central
rationales may be to deter all-out attacks against society during the course of a
limited nuclear war, and to provide a force for influencing the course and
outcome of postwar negotiations. Given this mission, and the general belief that
World War III and certainly general nuclear war will be preceded by a signifi-
cant period of crisis and warning, there may be no great incentive for keeping a
large portion of the SSBN fleet at sea all the time. Soviet submarines in port
can be put to sea in what is called a surge. The US Navy has “watched [the
Soviet Navy] surge their SSBNs and SSN's many times” and believes that the
Soviet surge capability is “excellent.” The Soviet Navy can put a large portion
of its SSBNs (and SSNis) to sea within 24 to 48 hours.> This is a reasonable
alternative to keeping a larger fraction of submarines at sea at all times.

The Soviet Navy has developed hardened shelters for SSBNs to protect
them from attack while they are in port.¢ This might allow them a means of
surviving attack by conventional weapons without surging. It is difficult to see
how such shelters could help in a nuclear attack, however, when the rubble in
the bomb craters would very possibly cover the openings to the shelters. The
Soviet investment in this kind of protection for SSBNs may reflect some
belief that SSBN's may only need to last throughout a conventional war, or it
may constitute an additional measure to provide “combat stability” to those
submarines (SSBNs and others) that may need to be in port during a war for
refitting.

Logistical and bureaucratic factors may also explain the relatively low
at-sea rate. One analyst points out that “the Soviet shipyards and repair sites
are located in the worst possible environment for ship repair.”” All yards
involved with nuclear submarines are located in extremely cold climates, in
which most work can be performed only in covered and heated facilities and
buildings. In addition, the Soviet Ministry of Shipbuilding is separate from the
Navy, and is responsible for repairs to submarines as well as for building ships.
The bureaucratic pressure to produce ships is greater than the incentives to
repair older ones, leading to a bias in the allocation of resources toward turning
out new ships as opposed to keeping the Navy’s existing ones in good repair. As
the same analyst put it, “The Soviet Ministry [of Shipbuilding] does not want
to be in the ship repair business, especially the most difficult of all ship repairs,
nuclear submarine work.”® Together with the large numbers of highly trained
specialists needed to operate a large fleet of nuclear submarines, the technical
complexity of the systems, the demand for civilian nuclear reactor specialists,
and related problems, there are abundant reasons for the Soviet Navy to opt for
a lower at-sea rate.
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The price the Soviet Navy pays for such low at-sea rates is great, none-
theless:

Soviet crews decry the fact they don’t get enough at-sea training time. They
bitch about it in the documents and we see the results. In the last ten years,
they have had over 200 submarine accidents, some of which have been very
serious. They have lost submarines, had fires, had real problems.’

As for the relative levels of training between US and Soviet submarine
crews, the nearly three-fold advantage in US at-sea time hasled to a situation in
which there is “no contest in terms of crew proficiency,” which gives the
United States an incalculable edge in the quality of an individual submarine as
a fighting unit.!° In terms of the actual number of Soviet SSBNs at sea, using
the figure of 15 percent translates to about 10 submarines at sea worldwide.
Presumably some of those, namely the Yankees with their shorter-range mis-
siles, are not always in range of the United States and therefore are not always
on alert. Since only a couple of Yankees patrol off the US coast, perhaps 8
submarines at sea are on alert with 2 Yankees in transit, on the average. Using
the figure of 25 percent at sea translates to about 17 submarines at sea at any
time. The US Navy claims, however, that at any given time 28 Soviet SSBNs
are on alert,!" which means that about 11 to 20 of them must be on alert status
while in their ports, near their hardened ‘“‘bunkers.” These numbers should be
accepted as approximate, however.

While Soviet submarines are at sea, there are a number of ways of making
them more secure, one of these being to accompany the SSBN with an SSN, a
common practice in the Soviet Navy, using the Victor I11.'2 Other defensive
means will be discussed in detail later.

Area Search for Soviet SSBNs

Area search is the most easily visualized threat to SSBNGs, yet it is one of the
least efficient and least realistic approaches. Although US attack submarines
search for SSBNs in Soviet home waters, there is little support within the US
Navy for sending surface ships or aircraft into the SSBN patrol areas contigu-
ous to major Soviet naval bases.'> For this reason and others, it is extremely
doubtful that the main US threat to Soviet SSBNGs is the threat of a brute-force
search of the entire Barents Sea and Sea of Okhotsk. What is more plausible is a
hybrid of operations involving area surveillance, trailing, and mining. Nonethe-
less, it is useful to begin by discussing area search alone as a first-order
approach to operations analysis, since it clarifies the time scale for strategic
antisubmarine warfare.
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To give a general idea of the vulnerability of Soviet SSBNSs, this analysis
uses simple assumptions that favor the ASW forces (not the SSBNs). The
detection range of each individual US surface ship and submarine equipped
with low-frequency sonar is assumed to be on the order of 30 nm (55 km)—a
very high estimate.!* For carrier battle groups including one aircraft carrier
each, plus destroyers, cruisers, and SSNs, the detection range is assumed to be
150 nm (280 km). Quoted estimates of modern active sonar systems are on the
order of 10 nm (18 km) or out to 30 nm (55 km) with convergence zones,
although convergence zones would not exist in Soviet home waters. Passive
sonar ranges vary widely with conditions; they are shorter in shallow water,
which transmits sound much less efficiently than deep water. I use 30 nm as an
optimistically long range out to which a modern sonar system might reliably
detect a moderately quiet, modern class of Soviet SSBN; actual ranges may be
on the order of 3 miles against extremely quiet submarines.!5 It is important to
remember that since search time is inversely proportional to detection range,
the results obtained here are very sensitive to this assumption. For the initial
calculations, I make the highly unrealistic assumption that the Soviet SSBN's
do not move to evade the search or take countermeasures, that the search
patterns of the US ASW units are perfectly coordinated with no gaps and no
overlap, and that the Soviet armed forces do not interfere.

Under these unrealistic circumstances and assuming that Soviet SSBN's
remained entirely stationary, it would take about five hours for the US Navy
frigates and carrier battle groups now based in the Atlantic to search the
Barents Sea and the adjoining Kara Sea. If the same search were conducted by
US attack submarines stationed in the Atlantic alone, it would take about eight
hours. All US SSNis in the Atlantic could search the entire Arctic Ocean in 20
hours, while those in the Pacific would take 14 hours to search the Sea of
Okhotsk.

If the Soviet SSBNSs are assumed to move about randomly (not evasively)
or if the search process itself is assumed to be random (search units move
randomly rather than systematically through the area), then the time required
to detect 95 percent of the SSBNs will be about three times the first set of
estimates given.!

Thus, even without harassment or defense on the part of the Soviet Navy,
the time needed to search comprehensively for Soviet SSBN's throughout the
Arctic and the Sea of Okhotsk is on the order of two days. In realistic wartime
or crisis conditions, the process would take much longer. First, the searching
US forces, even if limited to SSN's, would be slowed down by Soviet minefields
and groups of quiet Soviet defending submarines, both new nuclear-powered
submarines and the even quieter diesel-electric types suitable for coastal de-
fense. Second, some US attack submarines would be destroyed, further stretch-
ing out the search, and perhaps forcing the US Navy to accept losses that
might be more costly than the likely gains. Finally, in real situations, real
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systems like sonars do not perform ideally and sometimes do not perform at all.
Simple countermeasures like noisemakers and submarine simulators would
slow the search process enormously. Clearly, it would make no sense to attempt
a comprehensive area search for Soviet SSBN's simultaneously with a 30-minute
strike by US ICBMs against Soviet land-based nuclear forces in a sudden,
disarming first-strike scenario. The calculated search results do suggest, how-
ever, that a search campaign lasting 10-20 days might result in many encoun-
ters between US SSNs and Soviet SSBN.

Even though the threat of attrition of Soviet SSBNs is discounted in
discussions of disarming strike scenarios, it is important to recognize that the
United States probably does maintain some SSNs in or near Soviet SSBN
patrol waters in peacetime; and it is possible for these and other SSNs to attack
any Soviet SSBN’s they have under trail or can find very quickly at the outbreak
of an East-West conventional war. If the Soviet leadership anticipates that such
a war might last longer than a week, they must take very seriously the dangers
of area search for and attrition of their SSBNs. The magnitude and significance
of this attrition threat is the central issue of the later chapters.

Area Barrage against Soviet SSBNs

Instead of searching an area known to contain submarines, the attacker can
detonate a large number of weapons in a pattern over that area—a tactic known
as barrage. Taking 4 nm as the submarine kill radius for a 1 MT bomb and
allowing a 35 percent increase in EMT to correct for missile inaccuracy and
overlapping circles of destruction, I have made the conservative calculation of
the equivalent megatons (EMT) needed to barrage selected Soviet SSBN patrol
areas and give high confidence of destroying all SSBNs in them. The results are
given in table 2-1 and the total EMT required is 67,100 EMT.

Table 2-1
Estimated EMT required to create 590 psi
overpressure throughout Soviet SSBN patrol

areas?
Egquivalent

Area Megatons
Barents Sea (394,000 nm?) 10,600
Norwegian-Greenland Sea (650,000 nm?) 17,500
Arctic Ocean (1,000,000 nm?) 26,900
Sea of Okhotsk (452,000 nm?) 12,100
Total 67,100

aThis does not include all of the Soviet Arctic marginal seas, the
Bering Sea, or the Yankee/Delta patrol areas off the US coast.
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In 1985, the United States had 1,272 EMT on intercontinental ballistic
missiles (ICBMs), 935 EMT on submarine-launched ballistic missiles (SLBMs),
and 1,663 EMT on bombers—a total of 3,870 EMT. This represents only 6
percent of what would be needed to barrage Soviet SSBN patrol areas. Clearly,
the requirements for comprehensive, high-confidence area barrage are not only
far beyond current US nuclear forces, but are also far beyond any foreseeable
future capability.

However, if Soviet SSBNs were observed leaving port and were tracked
accurately enough to reduce the total area of uncertainty to 36,000 nm?, they
could be attacked with just 1,000 EMT. The area 36,000 nm? is equivalent to 20
targets localized to within 24 miles (44 km) each. The tactic of a nuclear barrage
would be feasible only if high-confidence, accurate surveillance were to become
available.

Acoustic Surveillance of Submarines

The feasibility of acoustic surveillance of Soviet strategic submarines has been
drastically reduced with the introduction of very long range missiles, which
permit Soviet submarines to operate in the seas near the Asian continent. No
longer do most Soviet SSBNs have to transit narrow chokepoints in order to be
within striking range of the United States. F urthermore, there are few locations
near the Soviet SSBN deployment areas where Western nations can install
fixed, large-scale surveillance equipment. The Barents Sea and the Sea of
Okhotsk are both international waters with international straits entering them,
but there is an obvious logistical problem in attempting to protect large sonar
arrays on the ocean floor, with cables running up to shore-based facilities, off
the coast of a country whose strategic forces are threatened by these arrays.
Last but not least, the physical properties of the ocean in current Soviet SSBN
patrol areas make long-range detection very difficult.

From the late 1950s, when the USSR started producing submarines with
ballistic missiles, until the late 1970s, when the bulk of Soviet SLBMs were
those with a range of at least 4,000 nm (7360 km), the United States relied
heavily on the Sound Ocean Surveillance System (SOSUS) for detecting
Soviet SSBNs. SOSUS is a series of passive acoustic systems based on linear
arrays of hydrophones several hundred meters long.!” The SOSUS system is
actually only one of several passive acoustic long-range surveillance systems,
but the term is now used to describe all these systems since they are very
similar. The SOSUS arrays are buried a few feet in the mud!8 by four special-
ized array-laying ships,!® which may be assisted by the US nuclear minisub
NR-1.20

The hydrophone arrays, designated AN/F QQ-10(V), are apparently strung
out at intervals of 5-15 miles (9-28 km),2! though the individual arrays are



US ASW Threats to Soviet SSBNs + 39

probably not more than a thousand meters or so long. They are connected by
cable to shore stations called Naval Facilities (NAVFACS). These shore sta-
tions are located on both US coasts and on the Aleutian Islands, in Canada,
Denmark, Iceland, Italy, Japan, Korea, the Philippines, Spain, Turkey, and the
United Kingdom.2? Some of the original NAVFACS on the US coasts, such as
the one at Lewes, Delaware, are being phased out.?? The older Soviet subma-
rines are also being removed from service or converted to attack submarines
(with their ballistic missiles removed), which can be effectively countered by
US attack submarines.

The SOSUS arrays considered most threatening to modern Soviet SSBNs
are those nearest the Kuril Islands?* (if they exist) and elsewhere in the western
Pacific,?s and the one that runs off the northern coast of Norway from the
military base at Andgya north toward Svalbard.26 The critical technical ques-
tion in terms of US strategic ASW capability is how far into the nearby Soviet
patrol areas these SOSUS arrays can detect Soviet submarines, although sur-
veillance against Soviet SSNs is probably an equally important and feasible
function of undersea surveillance.

In the early 1960s, US defenses against Soviet strategic submarines were
focused on the deep waters off US coasts. Large arrays, such as the Artemis and
Trident systems, were used to gather data on the detectability and coherence of
sound propagated in the “deep sound channel,” a natural waveguide that
transmits low-frequency machinery noises efficiently at very long ranges through
the deep oceans.?’” During the early years of Secretary of Defense McNamara’s
tenure, these systems were considered an integral part of US damage-limiting
capability.?® At the same time, the US Navy recognized that Soviet submarines
could be detected closer to their home ports, and surveillance was moved
“forward” into the western Pacific. Nature seemed to support these efforts by
placing the deep sound channel along the routes the original Soviet SSBN's had
to travel to come within range of the United States. However, even with the
relatively favorable acoustic environment of the deep ocean, there were still
major sources of uncertainty in sound transmission and noise levels.

The other major US passive acoustic surveillance system is the Surface
Towed Array System (SURTASS). This is a long line array (perhaps about the
same length of a SOSUS array or shorter), towed from a very slow ocean-going
tugboat called T-AGOS. The initial contract is for 12 ships of this type. T-
AGOS and SURTASS are intended to provide a backup to SOSUS, though
only in waters that are very secure and heavily defended by the United States in
wartime, since T-AGOS is defenseless. SOSUS NAVFAC data collection sta-
tions and the arrays themselves are targeted by the Soviet Union and are not
expected to survive the outbreak of a war, and SURTASS may provide a short-
term replacement. A more plausible use of SURTASS is as a complement to
SOSUS in peacetime. Since both are passive arrays and are for all practical
purposes immobile, they each yield only information on the direction to a
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distant target. However, a SOSUS array in conjunction with a distant SUR-
TASS array can provide two lines of direction that yield the position of the
target.

There are major questions about the roles and utility of SURTASS and
SOSUS. Both are very vulnerable and are not likely to survive long in forward
areas in a major war. They can provide a means of keeping track of some subma-
rines up to the time war begins, but within a few days after the surveillance
systems are destroyed, the Soviet attack submarine fleet can be redistributed by
over a thousand miles. In terms of surveillance against Soviet SSBNs, these
systems are even less useful. The older Yankee class SSBNs used to be the
major undersea threat to the United States, but they had to come close to US
shores because of the short range of their missiles. They still patrol, with some
Deltas, in the North Atlantic and North Pacific, which also happen to be
excellent ocean areas in which to detect the loud, low-frequency tones of the
Yankees. The newer Delta and Typhoon submarines carrying the vast majority
of Soviet submarine-launched ballistic missile warheads, however, deploy for
the most part in shallow or ice-covered waters, which are much less favorable
environments for long-range acoustic detection. As a result, the range at which
a surveillance system might detect Yankee submarines in the Norwegian Sea
has been estimated at several hundred to over a thousand miles, while the range
associated with new Soviet SSBN's (which are probably over a thousand times
quieter than the Yankees) in the shallow Barents Sea is just 1-20 nm.? Data
from US Navy tests against actual Soviet submarines appear to confirm these
results, which are derived in appendixes 4-8.

As noted in chapter 1, the range at which an acoustic system can detect a
submarine depends on three factors: the capability of the system, the acoustic
characteristics of the ocean environment, and the intensity of the submarine’s
radiated noise signature. The Navy has used the SOSUS/SURTASS combina-
tion to track Soviet Yankee submarines in the eastern Pacific at ranges of
between 400 and 1,000 nm (740-1840 km). The Yankee is one of the easier
Soviet submarines to track, however, since it radiates sound at about the 150 dB
level.> Using the same sonar system and assuming the same ocean characteris-
tics as in these Navy tests, a submarine radiating only 130 dB—probably typical
of the quietest Soviet Victor III SSNs3'—could be detected at ranges of only
5-100 nm (9-184 km).3? Against 120 dB sources, probably characteristic of
slow-moving Typhoon SSBNs and the next generation of Soviet SSNs, the
detection range of the same SOSUS/SURTASS system in the same conditions
would be between 1 and 15 nm (2-28 km).?3 In the shallow Barents Sea, where
the sound transmission characteristics are less amenable to long-range passive
detection than are those of the eastern Pacific site, the detection range of a
SOSUS/SURTASS system would probably be even less, assuming that such a
system would survive for any length of time in Soviet waters.
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The Norwegian Sea, north of the GIUK gap, resembles a deep ocean area
in some sound transmission characteristics, but because of its limited depth, it
exhibits some features not common in the deep oceans. Most important, in
many locations the conditions for the formation of ‘“‘convergence zones”—
zones of especially low sound-transmission loss—generally occur only in the
winter.3* The neighboring Greenland Sea, also a possible SSBN deployment
area, is covered by an ice pack during the winter and is acoustically like the
deep central Arctic, discussed in the next section.

The GIUK gap is shallower than either the Norwegian Sea or the northern
Atlantic Ocean, and to some extent, it acoustically isolates the two. Yet because
submarines passing between Greenland and Iceland or Iceland and the United
Kingdom must approach SOSUS surveillance arrays at relatively close range,
the chances of detection used to be relatively high. As Soviet submarines
become quiet enough to elude even passive SOSUS arrays, the GIUK gap will
still afford the West an opportunity to employ active acoustic and nonacoustic
surveillance. An active adjunct to SOSUS may help offset some of the recent
advances in Soviet submarine quieting on the Victor 111 and on the Akula and
its successors. An active adjunct would involve sound sources whose “ping”
would reflect off transiting submarines and be received at the SOSUS arrays. A
shift from passive to active SOSUS is not without precedent, since SOSUS was
apparently originally an active system, converted to passive in the mid-1960s.”

In sum, there is today no long-range US acoustic surveillance system—or a
set of systems—that can detect all or even most Soviet strategic submarines
within their patrol areas. This state of affairs is unlikely to change in the future
because US technology is already “‘approaching physical limits to sonar detec-
tion of submarines.”? Surveillance will probably be useful only as a prewar
means of accounting for the movement of Soviet SSNs and Yankee SSBNs in
and out of their home waters.

Acoustic Surveillance under the Ice

Most Soviet SSBNs patrol in the central Arctic or in the shallow marginal seas
above the USSR’s wide northern continental shelf. Some may be deployed
closer to the Canadian Arctic in the shallow waters of the Canadian archipelago.
In all these ice-covered regions, many of the complex, coordinated tactics of
open ocean ASW are much more difficult. Large-scale fixed surveillance sys-
tems are more difficult to implant, maintain, and monitor, and ASW aircraft
are of little use, although developments in through-ice sensors may change this.
Without fixed surveillance, vectored intercept using ships or submarines must
rely on satellites or on covertly implanted sensors. Communication, which is
essential to a coordinated ASW effort, is unusually difficult and limited.
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Sound transmission in the central Arctic is particularly influenced by the
continuous increase in sound speed with depth. At the surface, where sound
speed is at a minimum, signals are refracted into the underside of the ice; and
the character of the underice surface largely controls sound transmission.
Smooth new ice, characteristic of annual freezing, will reflect low-frequency
sound without much scattering or absorption. Older, ridged ice will scatter
sound and propagate it poorly. The smaller the distance between ridges, the
poorer will be the transmission. In the central Arctic, transmission of sounds
below 100 Hz is better than free-field (spherically spreading) transmission out
to ranges beyond a few hundred miles—that is, at those frequencies and ranges,
the Arctic behaves like a sound channel. At frequencies of 200-500 Hz, how-
ever, the Arctic does not behave like a sound channel at ranges over 54 nm (100
km). In contrast, the deep ocean in the northeast Pacific acts as a waveguide for
sound in those same frequencies beyond 540 nm (1,000 km). In terms of
ambient noise, the central Arctic is a highly variable environment: noise inten-
sity can change by several orders of magnitude over the course of a day. Due to
the absence of shipping, low-frequency ambient noise rarely reaches the inten-
sity associated with moderate shipping in the open sea. At frequencies above
100 Hz, noise levels in the central Arctic frequently fall below those of a calm
open sea. At such frequencies, however, the higher Arctic transmission losses
tend to offset this gain for detection.

In short, the uncertainty in predicting detection range in the central Arctic
is comparable to that in deep ocean. In the central Arctic, detection ranges at
frequencies below 100 Hz may at times be better than those in the central North
Atlantic and North Pacific, due to the absence of shipping noise, whose spec-
trum peaks at low frequencies. This advantage for detection is offset by the
sharp cutoff of high frequencies in the Arctic, which attenuates high-frequency
components of submarine spectra and makes them more difficult to identify.

Between the deep central Arctic and the Soviet coast there is a continental
shelf about 600 nm (1,100 km) wide and generally less than 900 feet (280
meters) deep. This area tends to be covered by ice all year, unlike the Barents
Sea, which clears in summer because of the Gulf Stream. The continental shelf
region, called the “‘marginal sea ice zone,” is one of the most difficult acoustic
environments in which to detect submarines. Just as in the central Arctic, the
ice cover inhibits coordinated activity between ASW aircraft, ships, and fixed
surveillance. In fact, as a rule these waters are accessible exclusively by sub-
marines.

In the Pacific, the northern quarter of the Sea of Okhotsk has a depth of
600-1,200 feet (200-400 meters); and most of the remainder is deeper than
3,000 feet (900 meters). Acoustically, most of the Sea of Okhotsk probably
behaves like intermediate-depth water—that is, it is too shallow to permit the
formation of convergence zones except in its very deepest section, adjacent to
the Kuril Islands. Since the northern Sea of Okhotsk is shallow and shares most
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of the acoustic properties of the Soviet marginal seas, it is not discussed separ-
ately; the general conclusions regarding detection in the shallow Arctic waters
are also assumed to apply here.

In the Arctic, moving from west to east, potential deployment areas in
shallow water are the Barents, Kara, Laptev, East Siberian, and Chukchi seas.
Some areas along the Siberian coast are too shallow for submarines, although
recent evidence suggests that Soviet submarines may be able to launch missiles
in very shallow depths. A photograph taken by the National Oceanic and
Atmospheric Administration’s LANDSAT 4 satellite on 28 March 1984 showed
what is believed to be a Soviet strategic submarine testing equipment that
breaks a hole in ice to allow missiles to be launched. The test took place 50 miles
north of Wrangel Island in the East Siberian Sea in less than 126 feet (40
meters) of water.?” If Soviet submarines can in fact launch ballistic missiles in
such shallow water, then larger parts of the Soviet marginal seas and the
Canadian archipelago than previously expected are possible patrol areas. Sub-
marine operations under ice in shallow marginal seas are not new. As long ago
as 1960, a US nuclear attack submarine traveled 900 miles across the Bering-
Chukchi shelf in 125-180 feet (40-55 meters) of water, cruising just 35 feet
above the bottom.?8 Operations in shallow water also carry the danger of being
lifted to the surface due to the low pressure caused by flow between the subma-
rine deck and the surface.

Ballistic missiles can be launched from a surfaced submarine. In fact, the
early Soviet SS-N-4 SLBM had to be launched at the surface. Upon launching
a missile, the submarine would maintain positive buoyancy, but might require a
trim adjustment. Underwater launch through a hole in the ice would require
accurate maneuvering and constant reballasting, since after the missile is fired
its tube floods with a mass of water that is somewhat less than the mass of the
missile.? Surface launch might be preferable in areas where the submarine had
to break through the ice, since a missile launched underwater could easily hit
floating blocks of ice dislodged by the submarine, damaging both the missile
and the submarine. Moreover, because submerged launch probably generates a
Jouder acoustic signal and because the missile launch is a strong nonacoustic
signal, there would be no inherent advantage to submerged launch in terms of
covertness. Some US SSBN commanders think that if they had to fire all their
missiles, it would be easier to do so from the surface.

There is little prospect of US area acoustic surveillance of the Soviet
marginal seas. The length of the Soviet Arctic coast exceeds the total length of
the coastline of the continental United States. Even if US sonar arrays were
successfully placed along the Soviet coast, the presence and movement of ice
would restrict access from the arrays to the ocean surface for telemetry of data.
Arrays can be suspended from the ice, as they usually are in Arctic acoustic
experiments, but they are then within range of Soviet aircraft based in Siberia,
and they are subject to dislocation or disorientation as the ice shifts. Two US
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programs may be partly aimed at solving the problem of surveillance under ice.
One is the Ice Pick, which involves a remote sensor capable of penetrating ice.
The other is Ariadne, which is a basic program to make very thin fiber-optic
arrays and cables. Very thin arrays could be laid covertly by submarines.

Acoustically, shallow water is an extremely complex environment. It is
generally agreed that current theory cannot provide good predictions of noise
or sound propagation. This is not for lack of data; thousands of measurements
exist in the unclassified literature, which is itself only the tip of the scientific
iceberg. The Navy sends submarines through the Soviet marginal seas at least
once a year with “a first priority research task” of measuring noise and sound
propagation.* Yet understanding, particularly of propagation, “is far less than
we now have for deep water,”4!

Sound propagation in shallow water is generally poor. The optimum fre-
quency for propagation decreases with water depth, approximately linearly,
from about 800 Hz at 165 feet (50 meters) depth to about 100 Hz at 660 feet
(200 meters) depth. At a given depth, frequencies below the optimum are
strongly attenuated due to increased loss to the bottom, while frequencies
above the optimum are attenuated by absorption and scattering, which is par-
ticularly strong under ice.*2 Measurements suggest that sounds at frequencies
below optimum may be reduced in intensity by 10-15 dB more than sounds at
the optimum frequency.

Low-frequency sound attenuation in the Soviet marginal seas should com-
plicate submarine detection there, particularly for quiet SSBNs. As submarine
machinery becomes quieter, the focus for deep-water ASW is the 5-40 Hz
tonals associated with propeller-blade beats and other extremely low frequency
tonals. Since those frequencies propagate well in deep water, listening for them
is the best acoustic strategy even though it requires using long towed arrays. In
shallow water, ASW forces may not be able to offset machinery quieting by
switching to very low detection frequencies—that is, below 20 Hz—due to the
great attenuation at those frequencies. Therefore as Soviet submarines are built
with quieter machinery and stay in shallow water, they become extremely
difficult to detect and probably cut off many avenues of technical advances in
US detection capability.

Another important tactical feature of shallow water is the variability of
transmission characteristics, both temporally and spatially. This makes it very
difficult for submarine operators to predict the range at which they might detect
another submarine, or the range at which they may themselves be detected. One
main source of the variability in shallow-water sound transmission is the type
and topography of the ocean bottom, neither of which is well known. Bottom
mapping by submarines in the western Laptev Sea has revealed highly irregular
features, as the following account of a submarine survey indicates:

While ice conditions were quite favorable in the Western Laptev Sea, they
became increasingly severe (average drafts in excess of 70 feet) as the survey
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proceeded westward. Large icebergs were encountered throughout the West-
ern Laptev Sea, and bottom conditions were discovered to be quite irregular,
caused by many depressions and gouges, with the bottom shoaling up quite
dramatically at times—e.g., over 50 feet in one ship length. More intriguing
gouges were encountered in the East Siberian Sea as heavy deep draft ice was
noted in the proximity.*’

All in all, the shallow, ice-covered waters of the Soviet marginal seas are
difficult areas in which to conduct searches for or surveillance of Soviet
SSBNs. Admiral Watkins has called this region “a beautiful place to hide.” He
notes that it is “clearly an advantage to [the Soviets] to take their ice that is
heavy most of the year around their homeland and use their forces accord-
ingly.”** The US Navy is putting increased emphasis on underice training in
order to prepare for attacks on Soviet SSBNSs there.

Remote surveillance of SSBNs under ice has received some attention.
According to one report, ‘“‘New Navy initiatives to develop methods of locating
Soviet submarines based under the Arctic ice pack include laser techniques and
sonar and other systems that could be dropped on the ice to locate any subma-
rines under the pack.”*s It would be difficult for an airborne laser system to
detect submarines under ice, since laser transmission loss through ice and snow
is extremely high, and ““false target” reflections off submerged ice ridges would
be frequent. Sonar suspended through the ice would have some ability to detect
very quiet submarines, but probably not much beyond 30 miles, so it would
have to be widely distributed to provide area surveillance. DARPA’s Arctic
Surveillance Program “is developing specialized surveillance techniques for
ice-covered regions, beginning initially with a through-the-ice acoustic sen-
sor,” called Ice Pick, which “will be tested in an air launch sequence.”*® The
US P-3 Orion and other ASW aircraft, however, are turboprop planes, designed
to fly for long periods at slow patrol speeds, and they have neither antiaircraft
defense nor means of concealment. If US ASW aircraft attempted to fly over
the marginal seas along the Soviet Arctic coast, they would be extremely
vulnerable to Soviet supersonic interceptor aircraft based in Siberia.

One possible means of detection in this area is infrared sensing of tempera-
ture anomalies associated with nuclear submarines remaining stationary under
holes in the ice. As noted earlier, heated water from the reactor seawater cooling
loop would not mix and disperse, but would tend to rise to the surface where it
could cause a detectable temperature change in open water. The remedy for
this is for submarines to stay under solid ice or to keep moving. However, as a
countermeasure, Soviet submarines could release oil in the water, which might
reduce the emissivity of the surface.

Coordination of air and naval ASW platforms using surveillance data is of
course only feasible where such data can be collected. In time of crisis or war,
few if any Soviet SSBNs will be patrolling in areas where area surveillance is
available to the United States.
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Even in the parts of the northwest Pacific and Norwegian Sea where there
are SOSUS arrays that can provide data to guide ASW aircraft to submarines,
US Orion aircraft are not certain of finding and destroying them. The vulnera-
bility of SOSUS in wartime is a key factor. The time late of the aircraft, which
will range from minutes to hours, will limit the probability of localization. In
probabilistic search theory, it is well known that for a target starting within a
circular area and moving out at a constant speed, the probability of detection
even after an infinite search is always less than unity. Assume, for example, that
a Soviet submarine traveling at 10 knots is detected by a SOSUS array. After
two and a half hours, a US Orion aircraft arrives in the vicinity to search for the
submarine using sonobuoys with a detection range of 2.7 nm (5 km). If the
Orion searches at a speed of, say, 250 knots, there will be at most an 80 percent
chance of detecting the target, regardless of the length of the search.’

Trailing and Mining in Soviet Bastions

US policy regarding trailing Soviet SSBN's in peacetime is secret. As training
for submarine crews, trailing a real Soviet submarine demands all the skills
needed by those crews to carry out their wartime mission, and since peacetime
trailing provides an excellent simulation of what might happen in wartime,
there is a powerful incentive for the US Navy to engage in such activity
covertly. One analyst, presumably drawing on discussions with submariners,
asserted that some Soviet submarines are trailed in peacetime as they leave port
but may not be followed into their most sensitive patrol areas, such as the Sea of
Okhotsk.*8 On the other hand, the US does not consider the Sea of Okhotsk
“off limits.” It is also known that US SSNs spend a fair amount of time at sea
getting close to and spying on Soviet submarines and their bases.*> Moreover,
US attack submarines reportedly trail at times within 200 yards of Soviet
strategic submarines, although data passed to the USSR by the John Walker
spy ring may have made the Soviet Navy “aware of the extent of their missile
subs’ vulnerability.”5°

Given the density of defenses near Soviet ports, US trailing tactics must be
as covert as possible, and given the limited number of US SSNs based in the
Atlantic (about 57) and Pacific (about 39) and given the competing demands on
SSNs, the tactics must be efficient. As noted earlier, random search is relatively
inefficient, particularly with the large marginal sea ice zones as Soviet SSBN
deployment areas. In addition, a random search is more likely to result in
encounters between US attack submarines and Soviet defenses—such as mines,
conventionally powered submarines (SSs), and SSNs—than a strategy aimed
at encountering only SSBNs.

Trailing is typically used to mean a tactic of waiting in an area through
which Soviet SSBNs are expected to pass, often near home ports, and begin-
ning to follow them as they pass. The process of initially picking up the trail is
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called acquiring an SSBN. The SSBN may be trailed for a length of time up to
and including its entire patrol period. The likelihood of succeeding in putting
US SSNs on station, waiting, acquiring, trailing, and finally returning to US
bases, all covertly, can be treated in part as an arithmetic problem, using
assumptions first about the numbers of SSNs required to wait and trail, then
about the effects of defenses such as Soviet attack submarines, aircraft, mines,
and surveillance.

Table 2-2 shows the number of Soviet SSBNs based in the Arctic and the
estimated minimum number of US SSNs needed to keep all of them under
trail. The table assumes an at-sea rate of 25 percent for Soviet SSBNs and
patrol durations of 45 and 60 days for the Yankee and Delta/Typhoon classes
respectively. This implies an average rotation rate of one submarine putting out
to sea every 9 days. If US submarine commanders could predict the actual
times when Soviet SSBNs would put to sea, US SSNs would spend little time
waiting, but if Soviet SSBN departure times are random, the waiting time for
US forces will be substantially increased. The calculation assumes that US

Table 2-2
Number of US attack submarines required to trail Soviet SSBNs
SSBN
Time to
Number of ~ Number of Time Station )
SSBN;s SSBN;s at Sea,  Rotation,  at 25 knots, Required SSNs*
Based at Sea in days in days in days Trail ~ Wait
Arctic:
Delta and
Typhoon 30 7 60 9 0 14 6
Yankee 12 3 45 15 3 6
Pacific:
Delta 12 3 60 20 0 6 6
Yankee 9 2 45 20 5 4
SSNs
Totals (SALT limits not assumed) Trail Warit
Delta and Typhoon: 42 20
12
Yankee: 21 10

aThese figures are for the number of vessels on station. It is assumed that two US attack
submarines are needed to trail each Soviet strategic submarine and that SSN's have an at-sea rate of
33 percent. Thus, three SSNs must be maintained in the US fleet for each one required either
to trail or wait. The table shows that at least 126 SSNs would be required in the fleet, of which 42
would actually be trailing or waiting at a given time.

bWaiting submarines are assumed to be stationed 30 nm from the SSBN port in a semicircular arc.
If the gap between waiting SSNs is set at 12 nm, then 6 SSNs would be needed. If the SSNs were
stationed closer to the port, fewer would be needed.
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attack submarines will return to the United States after 60 days at sea, and it
allows a round-trip transit time from and to US territory, traveling at 25 knots,
of 12 days for SSNs that trail SSBNs coming out of Murmansk and Petropav-
lovsk, and 8 days for SSNs guarding the GIUK gap. This leaves the SSN 48
and 52 days, respectively, for waiting, acquiring, and trailing SSBN’s at ports
and at chokepoints. An obstacle to continuous trailing will arise if the SSBN
remains at sea longer than the SSN, since a “hand-off” would require com-
munication between the first and second trailers, and such communication,
made covertly, would be extremely difficult if not impossible, particularly
under ice. Although the United States could increase the patrol duration of its
SSNs, the Soviet Union could counter with even longer patrols by its SSBNGs.

The means of communicating with SSNss is similar to the means of com-
municating with SSBNs. If the submarine wants to remain submerged with a
minimum of antenna structure above the surface, or is under ice, the main
options are the floating wire antenna or the buoy, which remains submerged as
it is towed along. The drawbacks of these systems are that neither can be used
for transmission, only reception; the buoy is prone to entanglement on the
underwater ice ridges; and in order to use a floating wire under ice, the subma-
rine must come to a virtual stop to allow the wire to float up between ice ridges
or into open water.>! None of these limitations is crippling to those SSBN's
primarily intended as strategic reserve forces—as most Soviet SSBNs probably
are. These vessels are more covert if they do not transmit radio signals and are
generally quieter and more difficult to find the more slowly they travel. For the
SSN, however, speed is more important, the potential for a mission’s changing
in the course of a patrol is greater, and in the context of a campaign against
SSBN, the ability of the SSN to report back would be of tremendous value to
National Command Authorities. Particularly in the context of a trailing opera-
tion, the effectiveness of SSN's would be constrained by the fact that they could
not casily signal another SSN to take over the trailing of an SSBN that had
been at sea beyond the SSN’s endurance time.

Other important technical issues in covert trailing are the difference in
passive sonar detection range between the SSN and the SSBN, and the ability
of the trailer to keep track of the SSBN’s course, speed, and range. The trailer
must maintain a distance close enough to detect the target, yet far enough away
so that the target cannot detect the trailer. Counterdetection (getting too close)
is as important a problem as losing the target.

Using the estimates of submarine signal level given in Figure A6-552 and
the estimates of detection range given in appendix 8, detection-range advan-
tages for various pairs of US and Soviet submarine classes can be estimated.
These estimates, shown in table 2-3 are based on the assumption that the entire
acoustic output of the submarine occurs in a 1-Hz-wide tonal band, as no data
are available regarding the actual spectrum of submarine-radiated noise. This
assumption, which leads to overestimates of detection range, can be partially
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Table 2-3
Detection-range advantage of US submarines over Soviet submarines

Range Advantage (nm)

_ Rangeddvamdet \ 7T

Us Soviet Acoustic Deep Central Shallow

Class Class¢ Advantage (dB) Ocean Arctic Water

SSN Akula 0-15 0-20 0-20 0-10

Los Angeles Victor ITI 10-20 25-300 100-400 2-70
Victor I, 11 30-40 100-1,000 200-1,000 40-200

SSN

Sturgeon Victor I11 0 0 0 0
Victor I, 1T 10-20 400-1,000 100-500 40-100

SSN

Permit Victor ITT 0 0 0 0
Victor 1, I1 15 500-1,000 80-400 30-70

SSBN

Ohio Victor I11 35-45 30-300 50-500 10-100
Victor I, 11 50-60 500-2,500 400-1,000 10-200

aNo direct data are available on Soviet SSBNs, except for the Yankee, which radiates at about 150
db. It has been reported, however, that the Delta I SSBN class was about as noisy as the Yankee
SSBN. The Delta I and Yankee are assumed to resemble the Victor I and 11, while later Delta I11,
Delta IV, and Typhoon classes are assumed to be equivalent to the Victor III or quieter. All the
estimates use sonar parameters that approximate the best achievable. Thus, the detection ranges are
probably overestimates. The lower figure is probably realistic.

justified because a small number of tonals in an actual spectrum contribute
most of the radiated sound, and the error introduced by lumping them together
(a few decibels) will be small compared with the errors in the estimates of signal
intensity, ambient noise, and transmission loss. In general, table 2-3 like the
other acoustic and nonacoustic detection analyses in this study, is meant to
suggest general relationships, not precise predictions.

The table shows three important relationships. First, a wide range of vari-
ability in detection range advantage—typically a factor of 5-10—is inherent to
passive detection. It is created by the environment and cannot be significantly
reduced by improving the sonar system, through array gain, or through signal
processing gain (lowering the detection threshold). A US planner considering a
trailing operation against Soviet SSBNs would have to assume ‘“worst-case”
ambient conditions, at which the detection range advantage would be at a
minimum. The actual advantage in any given case will depend on the specific
classes of Soviet SSBN and US SSN involved; the detection range advantage
varies from nothing to several tens of miles. There are in fact a number of older
US attack submarines that can probably be detected by new Soviet SSBNs at
greater ranges than the SSNs can detect the SSBNs. Having a detection advan-
tage that will allow the trailer to remain many miles away is particularly impor-
tant for long-range passive detection of low-frequency tonals. This requires the
use of a very long towed array, which streams behind the trailing SSN, and to



50 « Strategic Antisubmarine Warfare

get separate lines of bearing on the target, so as to triangulate its range, the SSN
needs to allow a considerable distance for maneuvering this towed array.

The second observation is that the detection-range advantage of any given
US submarine class against any given Soviet submarine class is usually some-
what less in deep, ice-covered water than in deep open water, and it is always
much less in shallow water than in deep water. In other words, a given acoustic
advantage provides much less tactical (detection range) advantage in shallow
water than in deep water. In the worst detection conditions for two submarines
in deep water, the trailer might have a 100-mile (184 km) detection-range
advantage over the target. In shallow, ice-covered waters, this could be reduced
to 25 miles (46 km) or less. Under the latter circumstances the trailer’s maneu-
vering room is more constrained.

The third observation is that, for any given acoustic advantage in dBs, the
corresponding range advantage decreases as both target and trailer become
quieter. For example, taking into account both submarine signal emission levels
and sonar capabilities, the US Los Angeles (SSN-688) class attack submarine is
estimated to have a 10-20 dB advantage over the Soviet Victor III attack
submarine; yet because both are very quiet in shallow wate the range advan-
tage under poor acoustic conditions may be as little as 2 miles (3.7 km). In the
same environment, an estimated 10-20 dB acoustic advantage of the US Stur-
geon (SSN-637) class over the even louder Victor I and 11 classes yields a range
advantage of 40 miles (74 km). The reasons for this are clear when one consid-
ers the general shape of the transmission loss curves,53

This is an extremely important phenomenon, because as both US and
Soviet submarines become quieter, as indicated in figure A6-5, the United
States’ maintaining the same relative acoustic advantage does nor preserve the
tactically critical detection range advantage, which may shrink to the point at
which covert trailing, even with long, hull-mounted arrays, is extemely unreli-
able.>* This has grave implications to the planning of submarine campaigns in
Soviet waters, which are key elements of the US maritime strategy, particularly
when Soviet SSNs of the Akula vintage are considered.

Attempts to improve US sensors for covert trailing and attack capability in
the next generation of SSNs are centered on the Advanced Conformal Subma-
rine Array System (ACSAS) and the rapid passive localization system called
the Wide Aperture Array (WAA), both of which will be part of an overall
Submarine Advanced Combat System (SUBACS).55 The Navy has predicted
that ACSAS will yield a 10-fold increase in detection range (not a 10 dB
improvement in array gain).’¢ This is a misleading statement, since detection
range is a function not only of the sensor system but also of the transmission
characteristics of the particular environment in which it is operating. For
example, a 10 dB increase in array gain may yield a 10-fold increase in detec-
tion range in the north Pacific, but only a 4-fold increase in the Barents Sea.
ACSAS is an attempt to merge acoustic array design with submarine hull
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design. It will use very thin hydrophones that conform to the shape of the
outside of the submarine hull. The sensors will be made of polymers that have
the property of changing their electrical characteristics in response to slight
changes in pressure.>’

By placing hydrophones along a substantial length of the submarine hull,
ACSAS will take advantage of the fact that horizontal arrays realize the greatest
gain. A long array integral to the submarine’s hull may in some circumstances
climinate the maneuvering problems of towing a long array behind the subma-
rine, although ACSAS may not eliminate the need for a towed array. Another
advantage of ACSAS is that beamforming, i.e., direction-finding, is much
easier if the geometry of the array is known precisely, and the shape of towed
arrays changes as the submarine maneuvers. ACSAS does face major technical
hurdles, however: isolating the array from hull vibrations and from turbulent
pressure fluctuations near the hull.5® The submarine itself, the SSN-21, “unlike
earlier US boats (and even the most recent Soviet designs) . . . will have to be
extraordinarily quiet across its entire speed range.”>

Passive localization from a single array requires the array to be moved to at
least one and in practice several points in order to triangulate on the target. As a
rough guide, in order to localize a target this way requires a submarine about
1 minute of tracking time for every 1,000 yards to the target.®® To localize a
target near the maximum range at which US torpedoes are reliable (about 10
miles) would take about 20 minutes, during which time a target moving at 15
knots would travel 5 miles. To localize a target at 30 miles—an estimate of the
range of the next generation of ASW standoff weapon—would require one hour
of tracking, during which the target could move 15 miles. Clearly there is a
powerful incentive to develop a rapid passive localization device that can
determine distance to the target from a single measurement.

One class of passive range finding methods are the Low Ship Impact
Ranging (LSIR) techniques. The towed array can determine one bearing
(direction to the target) from over a thousand feet behind the submarine, while
an array integral to the hull, such as the bow spherical array or hull conformal
array provides the second bearing, and the triangulation is done without mov-
ing the submarine. Another LSIR method uses the fact that some sound from
the target may reach the searcher via a single bounce off the bottom. If the
vertical arrival angle of the bottom bounce sound is determined relative to the
vertical arrival angle of the sound coming directly from the target, a simple
geometrical argument yields the range to the target. This technique requires a
knowledge of the sound transmission characteristics and bottom characteristics
between target and searcher, but is one of several tools that can be used by
submarine operators.

The Wide Aperture Array (WAA) is a Rapid Passive Localization (RAP-
LOC) system that makes use of the fact that as sound radiates from any source,
it radiates in wave fronts that form a circle. The radius of curvature of the wave
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front is the radius of the circle and therefore the range to the target. Three
measurements at three points on the searching submarine are sufficient to
determine the range to the target using the WAA technique. A significant
limitation of WAA is that it must use broadband signal processing in order to
avoid ambiguous detections. Specifically, passive rangefinding requires the
determination of very small time shifts in the signal as it is received at different
points along the array. Since broadband processing uses more of the informa-
tion contained in the signal radiated by the submarine, it should yield a better
estimate of the time shifts, and therefore a better estimate of range, than
narrowband processing.

The use of broadband processing severely limits its detection range capa-
bility, particularly against quiet Soviet submarines, which generate most of
their sound in a few narrow bands. In addition, the processing requirements of
the WAA are large, and large parallel processors must be used. Also, tiny
perturbations of the wave front itself can impair the WAA. Because of these
difficulties, it is not clear that WAA will be introduced operationally in the US
fleet, although a smaller version is operational in the Australian fleet 6!

It is difficult to predict whether or not hull-mounted arrays and passive
range-finding systems will be able to overcome the tactical obstacles to trailing
quiet Soviet submarines in shallow water. Passive range finding from a subma-
rine depends a great deal on local transmission properties, which vary widely in
shallow water. Even the much simpler problem of passive direction finding is
complicated in shallow water by the fact that the apparent direction from which
a sound emanates is a function of local conditions such as bottom material and
water depth, and large errors can result from a failure to account accurately for
such conditions. In theory, corrections can be made using data on the acoustic
properties of the transmission path in conjunction with adaptive array process-
ing, but in practice, data on the transmission path is extremely difficult to
obtain. “Therefore,” as one analyst stated, “application in mobile systems does
not seem to be very promising.”s2

A phenomenon that occurs only in deep water can also impede trailing.
Convergence zone propagation creates zones around the target, at radii of
approximately 30, 60, and 90 miles (55, 110, and 165 km), within which the
detectability of the trailer may increase sharply. Transmission loss in conver-
gence zones may be 10-15 dB less than in water 5 miles (9 km) away. Thus, a
trailer outside the convergence zone surrounding the target may be undetect-
able. Upon entering the zone 30 miles (55 km) from the target, the trailer would
find that the strength of the target signal suddenly increased, while the target
might suddenly learn that it was being trailed. Since the focus of SSBN trailing
is shifting more and more to shallow and Arctic waters where there are no
convergence zones, however, this phenomenon may no longer be a major
concern.
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Mining is another threat to SSBNs—as well as to SSNs—that could poten-
tially play an important role in forward submarine strategies. US attack subma-
rines of the improved SSN-688 and SSN-21 classes have the ability to mine
Soviet waters. They could theoretically plant mines near Soviet ports with
submarine-launched mobile mines (SLMM), which swim out of the subma-
rine, travel on their own somewhere between 5 and 11 miles (9 and 20 km),
come to rest, wait for a passing ship or submarine, and attack it like an armed
torpedo. The SLMM is based on the Mk 37 torpedo. The tactical advantages of
such standoff mines are that they allow the submarine to mine areas near
harbors without actually entering them, and that the submarine can replenish
an existing minefield in which a number of mines have exploded without
having to enter it. Some mines may possibly be used under ice, including the
Captor mine, which is based on the Mk-46 torpedo.®> Submarines do not have a
large capacity to lay mines, however, given the fact that they must carry torpe-
does, Harpoon antiship cruise missiles, Subroc, and mines in a weapon com-
partment that has a limited capacity. The SSN-688 carries a total of about 25
weapons, the improved SSN-688 carries 33 weapons, and the SSN-21 is to
carry about 50. The mix of weapons can be determined by the mission, but it is
unlikely that enough mines could be planted by submarines to make mining
over large areas effective. Mining harbors would be very effective under many
conditions; even if they were swept, the mines could be set to fire only after
their sensors were triggered several times, creating a potent but random threat.
The psychological impact of such a threat would be great, and of course a major
sinking within a narrow channel could impede traffic for many days. Many
Soviet ports are kept open in winter only by means of constant icebreaker
operations. This tends to channel ship traffic into narrow lanes and may
hamper minesweeping operations.

Soviet Defense of Bastions

The preferred US tactic for finding Soviet strategic submarines is probably for
SSNs to wait outside a port, acquire the SSBNs as they exit, and then keep
them under trail. This method is more efficient than random search and is
probably safer than risking random encounters with minefields and Soviet
attack submarines in wartime. However, the Soviet Navy is likely to concen-
trate its surveillance and defensive efforts near its ports for just this reason. The
farther away US attack submarines must wait, the wider will be the channel
through which Soviet SSBNs can exit and the lower the chance of picking them
up.

An important problem, both for the Soviet submarines defending waters
near their coasts and for US SSNs attacking them, is identifying a detected
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submarine as friend or foe. Identification friend or foe (IFF) is of course a
problem common to all branches of the military, but in submarine warfare its
impact on basic tactics is unusually large. US SSNs operate individually and
are assigned areas within which other friendly submarines are not permitted to
enter. This allows the US submarine the maximum detection range advantage,
since a vessel can be detected at a longer range than it can be classified. If all
vessels detected can be presumed to be hostile, the submarine commander has
more flexibility in deciding whether to avoid, approach, or attack the vessel at
long range. In this way the submarine forms a kind of stationary barrier, like a
minefield, which causes vessels to be sunk more or less indiscriminantly. In
practice, many factors make this tactic more discriminating than a minefield,
such as the political impact on rules of engagement, the aggressiveness of the
commander and crew, and so forth.

The same IFF problems would be present for Soviet submarines and ASW
forces in home waters, though they would probably be far more complex. In
defending against US attack submarines near Soviet ports, the most effective
ASW weapon the Soviets could use would be their own SSs, SSNs, and mines.
They could also use ASW aircraft and surface ships. With so many submarines
and ASW forces in a relatively small area trying to destroy an extremely elusive
target, the IFF problem would be compounded. The Soviet Navy must seek an
optimum between concentrating their ships to obtain for themselves numerical
superiority at the risk of destroying some of their own vessels, and dispersing
their forces in a layered defense that relies on attrition to US attack submarines
at each layer.

The optimum bastion defense may be a mix of these two approaches: in
addition to local defense near ports, there may be Soviet defenses around the
perimeters of SSBN patrol areas, providing defense-in-depth. A major advan-
tage to stopping hostile submarines at the periphery is that once a US attack
submarine is intermingled with Soviet vessels, Soviet forces must approach and
identify each contact before attacking, to avoid inadvertently destroying Soviet
submarines. At a barrier on the periphery, it is possible to follow a rule that all
unaccounted-for submarines are hostile. Because this simple rule of engage-
ment would allow Soviet attack submarines to launch their torpedoes at a
greater range, it gives them a tactical benefit that they sorely need against the
quieter US SSNs.

Tables 2-4 and 2-5 show the width of the entrances into the Soviet SSBN
patrol areas in the Barents Sea and the Sea of Okhotsk. In both areas there are
hundreds of miles through which US attack submarines might pass covertly,
including many passages from the central Arctic Ocean. Nonetheless, these
passages can be partially defended with the use of mines, submarines, surface
ships and aircraft, and underwater surveillance. The Soviet ASW forces that
could contribute to this effort are described in some detail in appendix 2.
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Table 2-4
Passages into the Barents Sea: The Soviet Arctic
bastion perimeter

Chokepoint Width
Greenland-Alaska (including Bering Strait) 2,000 nm
Svalbard-Greenland 240 nm
Svalbard-Kola 480 nm
Svalbard-Franz Josef 120 nm
Franz Josef-Northland 300 nm
Franz Josef-Novaya Zemlya 300 nm
Norwegian Sea width 720 nm
Denmark Strait 180 nm
Iceland-Norway 600 nm
Table 2-5
Passages into the Sea of Okhotsk from north
to south
Width Maximum Depth
Island (nm) (feet)
I;}?;:,Cuhsa}:\l:a peninsula 10 <600
Paramushira 2 <600
Onekotal 35 1,200
Hae m Il: tal ! <600
rumuiatat 25 <600
Yakeruma
Shasukotan > 600
45 4,800
Matsuwa
Rashuwa 15 1,800
. 10 1,800
Ushishiru
; 15 1,800
Ketoi
h . 10 900
Shimushira
Chirihoi 35 7,800
b ' 15 600
ruppu 20 1,200
Etorofu
o 10 1,000
Kunashiri Shima
. 12 <600
Hokkaido 25 <600
Sakhalin

Mines offer the Soviet Navy a potentially effective counter to US attack
submarines that attempt to enter Soviet SSBN bastions. US SSNs can be
destroyed upon entering a minefield, or they can be forced to avoid certain
areas where SSBNs may be hidden. Soviet mining capabilities are extensive,
and they are well respected by the US Navy. Given the proximity of narrow
passages leading to Soviet ports, defensive mine barriers could be created very
rapidly using a wide variety of ships and aircraft. Said one analyst: “Most, if
not all, Soviet surface combatants and many of their long-range naval aircraft
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are equipped for minelaying, and according to a recent unclassified US Air
Force study, all Soviet submarine classes can lay mines.”%* Table 2-6 shows the
mine capacities of older Soviet classes, which would be most likely to be
assigned this task.55

The total number of mines carried in the Arctic on these older vessels is
about 2,600 on submarines, plus 2,600 on surface ships; in the Pacific, it is
2,200 on submarines and 2,300 on surface ships. Soviet light frigates—a type of
small surface ship that has no counterpart in the US Navy—may have an
important potential role as defensive minelayers, since they cannot travel great
distances at sea or conduct effective ASW search. In addition, submarines
contribute much to potential Soviet mine-laying capability, since they can lay
minefields in waters not ostensibly or legally controlled by the Soviet Navy.

Table 2-6
Minelaying capacity of older classes of Soviet naval vesselss

Number of Vessels in Fleet

Class Mines per Vessel Northern Pacific
Surface Ships (includes reserves)

Alesha (3 minelayers) 400 2b 1b
Sverdlove (cruisers) 150 2 2
Kildenc (destroyers) 80 0 1
Kotlin¢ (destroyers) 55 5 4
Kashine (destroyers) 30 4 4
Skoryye (destroyers) 50 1 3
Riga (47), Grisha (50), Koni (1),

Mirka (18), Petya (40) (frigates) 264 41 40
Total mine capacity 2611 2310
Submarinese
November (SSN) 48 8 4
Echo I, IT (SSN, SSGN) 36 14 19
Victor I, II (SSN) 32 18 5
Foxtrot (SS) 40 28 27
Romeo (SS) 22 4 3
Whiskey (50)> (SS) 20
Total mine capacity 2672 2182

Source: Tables in appendix 2, and Milan Vego, “Soviet Navy: Mines and Their Platforms,” Navy
International, July 1986, pp. 431-436.

2Soviet aircraft can also carry mines; the Bear D, F, and G versions can hold 10-20, and the May
can hold 6-12 mines.

bDistribution unknown.
¢Includes all versions, some of which are modern.

4This is a weighted average. The Grisha, Koni, Mirka, and Petya vessels carry about 20 mines, Riga
carries 40. This assumes all classes distributed in the same proportion.

*Yankee SSN conversions are not included, but may carry 32 mines.
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Mines can be used effectively in the relatively shallow water of the Soviet
continental shelf. Most of the passages into the SSBN patrol areas could be
mined by Soviet ships and submarines in a matter of days or a few weeks, and
aircraft could accomplish the task even faster. In the Arctic, the entrance via the
Parry channel in the Canadian archipelago could be mined, as could the Bering
Strait. Much of the northern perimeter of the Barents Sea could be mined in a
few days during the summer by conventional and nuclear-powered submarines
and by surface ships. In winter in the northern Barents Sea, ice would block
mining access by surface ships, aircraft, and diesel-electric submarines (which
can travel only limited distances under ice). Since most nuclear attack subma-
rines would be assigned to missions other than mining, setting minefields in the
extensive ice around Franz Josef Land would take considerably longer in winter.
Diesel-electric submarines could probably not set mines here safely.

Soviet diesel-electric submarines are potentially very important in the
defense of Soviet SSBN bastions. They can run on batteries for several days
when moving at 4 knots or less, and when they do, they are quieter than many
quiet nuclear-powered submarines. At high speeds of 18 knots the batteries will
be drained after only a few hours of travel due to the rapid increase of hydrody-
namic friction with speed. Diesel-electric submarines can be expected to form
barriers at key chokepoints and near ports, where high speeds are not required.
The US Navy is clearly concerned about the Soviet SSs defending their SSBN
deployment areas. Adm. Kinnaird R. McKee expressed this when he said,
“Diesel boats will get in our hair when we try to go to [the Soviets’] home-
waters . . . they are a minefield.”¢¢ Under the ice, nuclear-powered attack sub-
marines would be employed to escort SSBN's or patrol barriers. The Victor 111
SSN regularly accompanies Soviet SSBNs on patrol.

As shown in table A2-3 in appendix 2, modern torpedo attack submarines of
the Mike, Sierra, Alfa, Yankee, and Victor class are concentrated in the Northern
Fleet, with about 36 there and 14 in the Pacific Fleet. The new Akula class SSN is
only in the Pacific (as of 1986). Older SSNs of the Echo and November classes
are divided evenly, with 8 in the Northern Fleet and 9 in the Pacific. Modern
nuclear-powered cruise missile submarines (SSGNs), though intended primar-
ily as antiship platforms, can fire torpedoes, use sonars, and are formidable ASW
units. The Northern Fleet has 17 modern SSGNs of the Yankee, Charlie, Papa,
and Oscar class, while the Pacific Fleet has 5 of these. There are 14 of the older
Echo II SSGNs in the Northern Fleet and 14 in the Pacific Fleet. The modern
SSs that would be most potent in ASW are the Foxtrot, Tango, and Kilo classes.
There are about 43 of these in the Northern Fleet and 34 in the Pacific Fleet.
Older SSs include the Whiskey and Romeo, of which there may be about 20 in
the Northern Fleet and 20 in the Pacific, although the distribution 1s unknown.
In terms of total numbers of modern nuclear and diesel-electric submarines
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equipped for torpedo attack, the Soviet Northern Fleet has nearly 96 and the
Pacific Fleet nearly 53. Given the short transit time from Soviet submarine
bases to most of the chokepoints, Soviet submarines could spend most of their
at-sea time actually on patrol. A low wartime at-sea rate of, say, 50 percent
would generate 18 modern SSN's plus 20 modern SSs in the North Atlantic and
8 modern SSNs plus 17 modern SSs in the Pacific.

Little information is available about the at-sea numbers to which the
Soviet Navy can surge. As noted earlier in this chapter, the Soviet Navy has
surged its SSNs several times in exercises and can put a substantial portion of
them to sea in 24-48 hours.®” Unlike the United States, which maintains
peacetime at-sea rates of various classes of ships of 40-60 percent, the fraction
of Soviet naval vessels out of port and on patrol at sea in peacetime is typically
10-20 percent. Given the Soviet Union’s lack of experience in maintaining a
large fraction of its ships at sea and the generic difficulties involved in surging,
it is unlikely that a high surge level could be sustained for many months.
Instead, a very high surge is likely to be followed by a fairly sharp decline in the
number of fully functioning ships at sea within a few months. In addition,
given time and basing constraints, it is highly unlikely that the Soviet Navy
would attempt to move a significant number of vessels from one fleet to the
other in wartime.58

In the event of a crisis and of a Soviet surge of ASW assets to protect
SSBN bastions, a critical parameter would be the size of the bastions them-
selves, and especially the length of their perimeters. In the Arctic, the perime-
ter of the Barents Sea is about 900 miles (1,660 km), most of which is under ice
during the winter. Since much of the perimeter is also shallow water, it would
be difficult for the Soviet Navy to rely on acoustic surveillance for detection of
US SSNs. If 18 modern Soviet SSNs in the Northern Fleet—that is, half the
fleet—were assigned to patrol the northern perimeter of the Barents Sea, each
submarine would have to cover a 25-mile (46-km) front, searching for US
submarines that might be detected at ranges of only a few miles there under
adverse sonar conditions. Even a total surge of almost 40 modern Soviet SSN's
would be unable to stop a large majority of US SSNs. All US attack subma-
rines built since the SSN-637 class have a significant acoustic advantage over
all but the most recent Soviet SSN's (Mike, Sierra, and Akula), and even against
these few vessels, SSN-688 submarines probably maintain some advantage. A
Soviet SSN perimeter along the boundary of the central Arctic Ocean would
probably yield very little benefit. As I mentioned earlier, mining that northern
perimeter would depend to a large extent on season. In the winter, the edge of
the solid ice pack may approach to within less than 200 miles (370 km) of the
Kola peninsula, while in the summer, the edge of the solid ice may retreat into
the Arctic Ocean itself. Mining the edge of the ice pack in the winter would
require planting mines in the central Barents Sea, near Soviet sea lanes.
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In the Pacific, the six northernmost passages into the sea of Okhotsk (those
nearest Petropavlovsk) have a combined width of 84 miles (155 km), and all but
one are less than 660 feet (200 meters) deep. Since Soviet SSBNs have prac-
ticed launching missiles from ice-covered waters only 40 meters deep, there are
probably few limits on where they can enter the Sea of Okhotsk. Defending this
bastion might involve mining most of the passages, leaving only a few to be
guarded by submarine “gatekeepers.” The task of maintaining such a series of
minefields over hundreds of miles during a war would not be an easy task.
Many airfields on the Kurils might be subject to early attack by cruise missiles
and carrier-based aircraft, and the straits themselves may have strong currents.

A possible problem of Soviet SSBN security in the Pacific is getting their
SSBNSs into the Sea of Okhotsk to begin with. However, even though Soviet
SSBNGs traveling the 150 miles (280 km) from the naval base at Petropavlovsk
to a patrol area in the Sea of Okhotsk could be threatened by US SSN's waiting
near the base, extremely quiet Tango class SSs could escort SSBNs, traveling
on battery for the entire trip at a speed of 15 knots or less. This would create a
potent, undetectable threat to any US submarine attempting to trail. The US
Navy expects to move several SSNs into the Sea of Okhotsk probably just
before a conflict begins, in the phase defined as “transition to war.”’%® In
anticipation of this, the Soviet Navy would probably try to surge their SSBNs
first, enter the Sea of Okhotsk as a force, and begin heavy mining.

Soviet surface ASW would be conducted by large ASW cruisers and de-
stroyers: the Kiev, Kirov, Kara, Kresta I, Udaloy, and Krivak classes. It is
unlikely, however, that these ships would cause any significant attrition of US
attack submarines, since they are noisy, which both gives away their position
and degrades their sensors, and they cannot penetrate heavy, solid ice. Helicop-
ters based on these ships cannot search wide areas and are best suited for
defending the ship. There are 19 of these ships in the Northern Fleet and 17 in
the Pacific.” Ships of smaller surface classes, with even less ASW capability,
total about 40 in the Arctic and 45 in the Pacific. Finally, the Soviet Navy has a
total of about 70 small coastal corvettes that can conduct some limited ASW.
Their distribution between the two oceans is unknown. As escorts for Soviet
SSBNs leaving port, these vessels may be useful since their high noise levels
could mask the sound of an SSBN beneath.

It is not clear whether or how the operations of Soviet attack submarines
are integrated with those of the surface forces. John Jordan believes that tactical
coordination between SSNs and surface ships is likely, “especially in barrier
operations in support of Soviet ballistic missile submarines.””! An analysis of
Soviet writings up to 1979 by Robert Herrick, however, suggests the opposite:

The Soviet Navy’s nuclear powered attack submarines, despite their poten-
tially great capabilities for pro-SSBN ASW, still appear not to have been
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integrated tactically into the Navy’s aircraft-surface ship ASW effort. This
appears to be the case despite the fact that senior Soviet naval officers repeat-

edly have claimed in print that the US Navy sets great store in using SSNs for
ASW.72

Arguments can be adduced for both views. On the one hand, coordination
between submarines and surface ships would permit each to make the best use
of its unique ASW capabilities. On the other hand, mating noisy surface ships
with quiet submarines would make it easy for US SSNs to avoid the entire
group, defeating the purpose of a defensive barrier.

Soviet surface ships may contribute to the defense of Soviet SSBNs by
using active sonar to sweep out lanes from submarine bases to the open sea.
Coordinated searches by surface ships would complicate the task of US attack
submarines attempting to trail or ambush the SSBNs as they exit or enter. One
tactic discussed in the Soviet literature involves using ASW surface ships to
sweep out a lane prior to the exit of an SSBN, returning to the base to form a
screen around the submarine and escorting it out the lane. Another tactic
mentioned is the use of ships to sweep out certain areas, without the direct
screening.” The large number of small Soviet ASW-capable ships suggests that
there would be a number of options available to the Soviet Navy to protect
SSBNGs as they exit, particularly prior to or early in a conflict.

It has also been argued that coordination among Soviet submarines would
be tactically advantageous, particularly when they are working against quieter
US counterparts.™ Various tactics might be employed by groups of submarines
to offset the tactical advantage in detection range that allows US SSNs to
approach and fire a torpedo without being counterdetected. For example, after
a torpedo launch, ending the concealment of the US submarine, that submarine
could be targeted by two or more Soviet submarines from different angles. In
another scenario, a US attack submarine might turn to avoid a Soviet SSN,
only to encounter a quieter conventional submarine running on battery. Even if
a US attack submarine launches the first torpedo, training exercises suggest
that there is only a 50 percent chance that the torpedo will hit the target.’s
Moreover, it is reported that under ice and in shallow water, the Mk-48 is
“frequently ineffective.”’7s

Torpedo performance seems particularly poor in the shallow, ice-covered
waters of the marginal seas. The protruding ice ridges and sudden changes in
depth characteristic of the Soviet marginal seas would be unavoidable hazards
for a torpedo traveling with passive acoustic guidance. An active homing tor-
pedo would have to be equipped with a sensor that detected the bottom and
surface in order to avoid targeting the bottom or the ice, which is very efficient
sound-reflecting material. Torpedoes could be set to search for an object mov-
ing against a stationary background, a common technique in radar.
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Attrition to US Attack Submarines
by Soviet Bastion Defenses

The process of trying to create an analytical model of all the factors that
determine the outcome of a submarine/ASW campaign begins with theoretical
or empirical models of submarine, weapon, and sensor performance and at-
tempts to build to more complex levels of interaction. At each higher level of
analysis, the problem becomes much more complex and requires simplifying
measures that lump all of the lower-level considerations into a few parameters.
One such parameter is called the exchange ratio.

An exchange ratio can be defined to represent the likely outcome of
repeated one-on-one battles between submarines. The exchange ratio, defined
here as being “US-favorable,” is E = (b + a)/(r + a), where b is the probability
that the US submarine survives and destroys the Soviet one, r is the probability
that the opposite occurs, and a is the probability that both are destroyed. The
three probabilities represent the net impact of a host of important tactical
parameters, including crew proficiency, sonar capability, weapon characteris-
tics, quietness, speed, and so on, as they relate to a one-on-one engagement.
Combining the individual probabilities into an exchange ratio gives a single
parameter to describe the expected outcome of many engagements between
submarines with those same characteristics. The US-favorable exchange ratio
defines the expected ratio of Soviet losses to US losses. For example, a 10:1
exchange ratio means that for every 10 Soviet submarines destroyed, the
expected US loss is one.

The actual probabilities vary with specific classes of submarine and acous-
tic environments, but an often cited average exchange ratio between US and
Soviet attack submarines is about 3:1.77 ‘Assuming no mutual destruction, this
implies a probability of 0.75 that the US SSN will be successful, and 0.25 that
the Soviet SSN will be successful. US training drills, which provide the data
for these figures, usually stop after one submarine has detected the other and
has launched a torpedo.”™ Therefore, the exchange ratio reflects the ability of
quiet US submarines to detect, approach, localize, and fire a torpedo at a Soviet
submarine without being detected. Apparently, little effort has been spent
determining what might happen if the torpedo fails to destroy the Soviet sub-
marine, because of either mechanical failure or successful use of Soviet coun-
termeasures. Henry Young has pointed out that if the first torpedo does not in
fact destroy the Soviet submarine, the alerted Soviet submarine may well use
active sonar, since it will have nothing to lose (already having been localized)
and much to gain (instant localization of the US submarine). In an active sonar
environment, the US advantage in quieting is largely eliminated and the
exchange ratio approaches 1:1, with a high probability of mutual destruction.
Young has demonstrated that even if the exchange ratio on the initial shot is as
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high as 10:1, with a torpedo miss probability of 0.5 and an exchange ratio of 1:1
on subsequent interaction (when the Soviet vessel is alerted and using active
sonar), the ner exchange ratio is only 2.4:1.7°

The effectiveness of US nuclear-powered attack submarines against Soviet
diesel-electric submarines operating on battery is considered very low. One
source states that the “probability of kill”” of US SSNs against Soviet SSs
(presumably on battery) is 0.12-0.40, compared with 0.55 against one of the
newest SSNs, the Victor III. These figures apply in the North Atlantic. In
shallower water, where the US detection range advantage is generally lower,
the kill probabilities may be lower. Because such numbers are generally cited
without any qualification as to the specific scenario, they are not particularly
useful as absolute measures, although the relative vulnerability of the Victor I11
compared to diesel-electric submarines is worth noting.® In response to Soviet
SSs deployed in home waters, “the Navy’s official advice to US warship and
submarine captains is simply to avoid areas in which the boats are believed to
operate. If that is impossible, US units are advised to move through such areas
at high speed.”8! Neither of these options is available to a commander waiting
to trail Soviet SSBNs.

The aggregate outcome of many one-on-one encounters has thus far been
represented by its probabilistic “‘expected value.” A more accurate conception
of the outcome, however, is a probability distribution whose mean is the
expected outcome, but whose “tails” show the probability that either side
might do better or worse. For example, assume that the Soviet Union has 18
SSNs on patrol in the Arctic opposed by an equal number of US SSNs. With a
3:1 exchange ratio (and no mutual destruction), the expected outcome is that all
Soviet SSNs would be destroyed, along with 6 US SSNs, leaving 12 US SSNs.
However, there is a 7 percent chance that 7 or fewer US SSNs would survive
and a 1 percent chance that fewer than 4 US SSNs would survive. If the
probability of a Soviet attack submarine being destroyed is 0.6, the probability
of a US attack submarine being destroyed is 0.2, and the probability of mutual
destruction is 0.2, then the overall exchange ratio is 2:1. Given the encounters
between 18 submarines on each side, the expected outcome is that all Soviet
SSNs would be destroyed, 9 US SSNs would be destroyed, and 9 US SSNs
would survive. There is a 12 percent chance, however, that fewer than 5 US
SSNs will survive and a 1 percent chance that the US SSN fleet will be
obliterated.

In appendix 2, the impact of mined decoys on US attack submarine attri-
tion is analyzed in a simple case. These are basically minefields baited with
acoustic transmitters that sound like Soviet SSBNs. Even with onlyalin 10
chance of being destroyed in such a minefield, a US-favorable exchange ratio of
3:1 can be reduced to 1.6:1 if four minefields are implanted for every SSBN at
sea. It is important to recognize that this result is independent of changes in
Soviet or US submarine technology.
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Summary of US ASW Threats to Soviet SSBNs

It is very unlikely that US SOSUS or SURTASS arrays at the periphery
of the Barents Sea and Sea of Okhotsk can detect modern Soviet SSBNs on
patrol at ranges beyond 75 miles. Complete SOSUS coverage of the primary
Soviet SSBN patrol areas in the Barents Sea, the marginal seas of the Soviet
Arctic, and the Sea of Okhotsk is not possible with current technology and is
almost certainly not possible within the foreseeable future. SOSUS and other
large surveillance systems remain useful in peacetime for detecting Soviet
attack submarines passing through narrow straits, such as the Greenland-Ice-
land-United Kingdom gap, and for detecting Soviet attack submarines close to
the US coast. The US coastal surveillance systems are probably also effective at
detecting Yankee class SSBNs, which is a task they were designed for in the
1960s. SOSUS is not a wartime system.

US airborne ASW forces are not able to contribute to US strategic ASW in
Soviet SSBN bastions while Soviet air defenses are operating. Without SOSUS
to narrow down the the location of Soviet submarines to some degree, the
search capabilities of the US P-3 Orion aircraft are too limited to be very
useful. Besides their inefficiency when not directed by SOSUS, these aircraft
can do little over ice and they are highly vulnerable to Soviet tactical supersonic
aircraft based on the Kuril Islands, the Kamchatka peninsula, and the Kola
peninsula. The SOSUS, SURTASS, and Orion combination still represent a
potent threat to Soviet Yankee class submarines coming out into the North
Atlantic and North Pacific.

SOSUS, aided by SURTASS and RDSS systems, will continue to enable
the US to detect Soviet attack submarines entering the Atlantic, Mediterra-
nean, and Pacific in peacetime, but SOSUS may have to convert back to an
active system since Soviet submarines are “becoming quieter faster than we can
improve our detection capabilities.”’82 A drawback to this approach is that it
does not provide the acoustic signature information that can be used to identify
a submarine’s nationality and class.

The tactical advantage of US SSNs over their Soviet counterparts is also
decreasing. The analysis of relative submarine noise levels in this study that
indicates this is supported by the Navy’s 1985 Program Objective Memo-
randum:

The US submarine force cannot match the Soviets in numbers, and therefore
must maintain a distinct qualitative advantage over the projected threat if an
acceptable exchange ratio is to be sustained. Soviet quieting and sensor im-
provements will significantly narrow our acoustic advantage by the late 1980s.53

The only way for the United States to regain its former acoustic advantage
is through quieting; improved sensors and processors will not help since “our
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two [US and Soviet] relative knowledges of the sea are driving us back into the
background noise levels of the ocean [and] it is going to be extremely difficult to
find each other no matter what kind of system we have, 84

Analysis of passive acoustic detection suggests that even if the United
States regains a large relarive acoustic advantage by further quieting the SSN-
21, the absolute detection range advantage, which is the important tactical
measure, will continue to decline as the Soviet Union builds quieter subma-
rines. This will interfere with potential US forward SSN operations in a couple
of ways. First, the decreasing acoustic advantage will lead to more “dogtights”
between SSNs, which the US Navy considers “the worst situations in subma-
rine warfare.”85 A submarine-versus-submarine dogfight is a battle (or more
accurately a melee) between two or more submarines at relatively close quar-
ters, say several thousand yards. Active sonar is generally assumed to be in use
by both sides, and each side probably knows the location of the other. Such
dogfights might involve multiple and rapid torpedo launches as well as the use
of torpedo countermeasures. The tactics involved in dogfights are very differ-
ent from the passive tactics favored by the US. In a dogfight, the advantage
shifts away from the quieter submarine and favors the one with greater fire-
power, resistance to damage, countermeasures, and maneuverability. It is con-
ceivably very easy for a quiet “sneak attack” by a US SSN to turn into a
dogfight if the US submarine is counterdetected. Already an SSN-688 class
submarine has been detected during an exercise, though it is not clear under
what conditions the detection took place.86

The second way in which quieter submarines on botk sides will interfere
with the US forward SSN strategy is that, with lower noise levels on both sides,
the time spent searching for opponents is growing, and it will simply take
longer to accomplish many objectives. This will benefit the Soviet Navy, whose
main mission is to preserve intact as much of the SSBN fleet as possible over as
long a period as possible. US naval strategy, as we shall see in chapters 4 and 5,
is currently based on having a major impact very rapidly. The technical trends
in ASW work against this.

The goal the Navy is pursuing that provides the rationale behind the
SSN-21 is to build a submarine that: 1) has a high search rate, 2) is itself
extremely quiet, 3) can engage and fire on targets and move on rapidly and
quietly, and 4) has enough weapons to enable it to remain on station for a long
time. Search rate is the product of speed and detection range, so the SSN-21 is
supposed to have a high “quiet speed”’—the maximum speed at which sensors
are not deafened by the submarine’s own noise—and improved sonar systems
and arrays.*” It is supposed to have a quiet speed of over 20 knots,8 and at
lower speeds it may have a total radiated sound level close to that of the Ohio
class SSBNs, between 100 dB and 120 dB (relative to 1 micropascal at one
yard).8?
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Achieving a high engagement rate is a major problem using only passive
sonar. As I mentioned earlier, obtaining several lines of bearing on a moving
target is time consuming, unreliable, and potentially dangerous. The SSN-211s
supposed to address this problem with improvements in a rapid passive locali-
zation system, the Wide Aperture Array. Passive range finding and localization
capability at speeds in excess of 10 knots and at ranges in excess of 25 miles
would be an enormous tactical advantage over an opponent that had to search
using multiple bearings at lower speeds. This would allow the SSN-21 to detect
a target, fire a torpedo, and continue to search. The SSN-21 is expected to be
able to search half again as quickly as the improved SSN-688.°° A major
drawback in the WAA system, however, is that it uses broadband signal pro-
cessing, and in order to detect and classify quieter Soviet submarines, narrow-
band signal processing is the best approach. Therefore, in order to use the
WAA system to obtain faster localization, the designer must trade away longer-
range detection and classification capability. The net result of this trade-off
may be a relatively small gain in the engagement rate, which is the tactically
important parameter.

The proposed weapon store of the SSN-21 is around 50 weapons of all
kinds,®! but this will include Tomahawk cruise missiles as well as mines, Har-
poons, and ASW weapons. That is about double the loading of the SSN-688
and a third greater than the improved SSN-688.92 In order to prevent an
engagement from turning into a dogfight, the SSN-21 is also being fitted with a
quiet torpedo launching system.”?

The most important question that is raised here, however, is whether the
United States can engage the Soviet SSBNs as they leave port—a kind of
gatekeeping operation—and either trail them or sink them. If the Soviet surge
of SSBNGs is rapid, then the United States is faced with an area search, and as
the attrition calculations suggest, the attrition rates in this scenario are very
sensitive to the environmental parameters, to the dynamics of the US and
Soviet surge of SSNs and SSBNs, and to Soviet choice of operating areas. In
the worst case, from the US searcher’s point of view, the attrition rate is very
slow, and it would take months to reduce the Soviet SSBN force to a fraction of
its total strength. Under the best-case conditions for the searcher, the process
may require only a week or two—a rate fast enough possibly to raise concerns in
Soviet leaders’ minds that all SSBNs would be destroyed. Ironically, if the
Soviet SSBNs are destroyed too quickly, the Soviet general-purpose navy
would be left with less to defend (although the general defense of the homeland
would still be a mission) and might be to some extent less tied down to home
waters.

The assessment of how fast Soviet SSBNs could be sunk depends very
much on whose “worst-case” planning is being used. Soviet worst-case plan-
ning might see the SSBNs in danger, while US worst-case planning might see
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the Soviet SSBNs relatively secure over a reasonably long time. The US worst-
case planner might view sending SSNs into the Soviet marginal seas as a waste
of time and resources on a target that cannot be found and whose eventual
destruction may have little effect on the resolution of the war. It may well be
that the forward SSN component of the maritime strategy is based on a best
case for the United States and on a worst case for the Soviet Union.

Finally, even under very favorable conditions for search, Soviet use of
mines and decoys could dramatically shift the exchange ratio in an ASW cam-
paign. Higher US search speeds and engagement rates would increase the rate
of engaging minefields and would serve to increase the rate of SSN attrition at
unfavorable exchange ratios.
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Soviet ASW Threats
to US SSBNs

concern among members of the US arms control community, Con-

gress, and the military. Each year since the first Polaris submarine
went to sea in 1960, congressional committees have asked the Navy to evaluate
the prospect of US submarines’ becoming vulnerable t0 Soviet ASW. Each
year, the Navy has said that there is no threat in the foreseeable future. So far,
this prediction has proved to be correct.

The danger of losing a few US strategic submarines should be distin-
guished from the threat of Jarge-scale destruction of most or all US SSBNs at
sea. The Navy often says—and apparently the Congress likes t0 hear—that the
US SSBN fleet is completely secure: that not one US submarine has been
detected while on patrol, and that this is likely to continue t0 be true at least a
decade into the future. One wonders what the political impact would be if just
one Poseidon submarine were detected and trailed, however briefly, and the
fact were publicized. Such an event might not change the assessment that the
SSBN fleet is a largely invulnerable force,' but it would undoubtedly help those
seeking to build more land-based missiles and to develop ballistic missile
defense. In this sense, ““submarine survivability” is as much a political issue as
a technical problem for the United States.

The most economical way to begin an assessment of the potential Soviet
ASW threats to US submarines is by analogy with the techniques and tactics
already described in detail for US ASW threats to Soviet submarines in the
previous chapter. This approach has the disadvantage of posing the Soviet
strategic ASW problem as a mirror image of the approach taken by the US
Navy, which it is not. On the other hand, addressing the problem of defense
against US ballistic missile submarines in this way helps identify some of the
very reasons why Soviet strategic ASW might have different emphases than US
strategic ASW. There are three broad categories for comparison: geography,
technology, and military policy.

T he possibility of attrition of US strategic submarines has long been a
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1. Geography. Of all the advantages US SSBNs have in remaining undetect-
able and survivable, geography may be the most important. Soviet SSBN bases
are close to US territory or to the territory of US allies, where there are forward
staging areas for US ASW operations. In the northwest Pacific, the US Aleu-
tian Islands serve as bases for intelligence collection, ASW aircraft, and under-
sea surveillance shore facilities. Japanese territory supports similar operations
in the Sea of Japan and in and around the Sea of Okhotsk.

In contrast, the US base for Ohio class SSBNs in the state of Washington
is thousands of miles from the nearest Soviet port or ally. In the Atlantic, Cuba

leaving from South Carolina and Georgia. The Bahamas lie berween Cuba and
the US bases, and block the acoustic path. However, and €ven under ideal
detection conditions, US Lafayette class submarines are unlikely to be detected
beyond a few tens of miles, while Ohio class submarines are unlikely to be
detected beyond a few miles. There is no evidence that Cuba provides a support
base for large scale, prolonged SOSUS-type surveillance or for trailing by
nuclear-powered submarines,

Soviet SSBN patrol waters in the Barents Sea, the Sea of Okhotsk, and the
northwestern Pacific are largely within range of US, Japanese, or British ASW
aircraft. US SSBN S, in contrast, remain beyond the range of all but very few
Soviet Bear F ASW aircraft. The proximity of Soviet patrol waters to US-allied
bases allows the US to install surveillance arrays to aid ASW aircraft, particu-
larly at chokepoints, while there are no convenient bases for Soviet surveillance
of US patrol areas.

2. Technology. The key technical comparison lies in the area of acoustic
detection and quieting. US attack submarines have maintained an acoustic
advantage over most Soviet SSBN s, which has allowed the United States to

kee class means that this will remain true for at least several years. The Yankees
radiate sound at about 150 dB as do the Delta I’s, whereas the Delta II may be
somewhat quieter.2 However, Delta I and IT class SSBN's may become quieter
during overhauls, and only the most recent US SSN classes are likely to main-

powered submarines, By the early 1960s, US strategic submarines appear to
have established a solid 30-40 dB advantage over Soviet attack submarines of
the same vintage, an estimate that is supported by US claims that its SSBN;s
have never been trailed. The QOhio (SSBN-726) class is so quiet that one of
those submarines, with the most modern sonar equipment, cannot detect
another beyond a few miles under good detection conditions, Because they are
noisier, Soviet SSNi could not trail a US SSBN covertly if they happened
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across one because the US target submarine would hear them well beforehand
and could take evasive action.

US attack submarines have in the past maintained a 20-30 dB advantage in
quietness over Soviet SSNs of the same vintage. The US attack submarines
built in the 1960s and 1970s are reportedly being matched in quietness by the
most recent Soviet classes of strategic and attack submarines. These recent
Soviet vessels are quieter than expected, sometimes as much as 10 dB quieter.?
The Soviet Akula class submarine may be approaching to within around 10 dB
of the latest Los Angeles class submarines in total radiated sound, and it would
appear to require the US to make a major technological leap to recover the
acoustic advantages that it held in the 1960s and 1970s.

The other important part of US acoustic advantage lies in sonar detec-
tion capability, which is better because there is less self-generated noise to
interfere with the sonar and because US signal-processing computers on
submarines are better.* Most potential signal processing gain, however, can
be obtained through relatively basic processing schemes, and current im-
provements in US sonar systems are oriented more toward tracking multiple
targets, passive localization, and increased automation in the fire control
system than toward improving sensitivity (that is, detecting signals with
smaller signal-to-noise ratios).

3. Military Policy. Because of the acoustic advantage of US attack subma-
rines and Soviet interest in the “combat stability” of their SSBNs, Soviet
SSBN security is supported in defensive operations by general-purpose naval
forces, probably including fixed undersea surveillance in SSBN patrol areas.
This makes SSBN survivability one of several competing demands on the
Soviet Navy. In contrast, by custom, US SSBNs are independent of almost all
other components of the US Navy. To an extent, SSBN vulnerabilities on the
two sides are inversely related, since the greater the US threat to Soviet strate-
gic submarines, the more likely it is that Soviet SSNs will be engaged in
defending them and not free to search for US strategic submarines. However,
the corollary to this is that the Soviet Union may be able to respond to an
unexpected threat to its SSBNs more effectively than can the United States.
Finally, as is the case for most components of the armed forces on the two sides,
crew effectiveness is much greater for US submarines (both strategic and
attack) than for their Soviet counterparts. US crews spend more time at sea and
get more hands-on training.’

Having approached the question of US missile submarine vulnerability
relative to Soviet SSBN vulnerability, it is useful to examine some of the
operational problems involved in a set of hypothetical threats to US SSBNG.
Following the organization of earlier chapters, these threats are categorized as
area search, area barrage, nonacoustic surveillance, long-range acoustic surveil-
lance, and covert trailing.
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Area Search, Trailing, and
Surveillance against US Submarines

Calculations of the time required for Soviet ASW forces to search for stationary
US strategic submarines are given in appendix 2, “ASW Forces of the United
States and the Soviet Union.” In brief, if all Arctic-based Soviet ships and
submarines are used to search the area of the North Atlantic within Poseidon
and Trident I range of Moscow, assuming detection ranges on about an order
of magnitude larger than would be expected, with no opposition from forces of
either the US or of NATO allies, it would take 60 hours assuming a search
speed of about 20 knots. Soviet ASW aircraft would contribute relatively little
to this effort. In the Pacific, about 150 hours would be required to search the
area between the Aleutians, Hawaii, and the Soviet Union with the surface and
subsurface forces currently available and given the same unrealistic assump-
tions. Allowing for the effects of random target motion and seeking 95 percent
detection probability increases these times by a factor of three.

It is unlikely that in a wartime context, Soviet surface ships would last long
south of the GIUK gap or in the northwest Pacific. Thus, a more appropriate
measure of Soviet strategic ASW capability might be the search times for
submarines alone. In the Atlantic, it would take about 13 days for unopposed
Soviet submarines to search the entire patrol area described above, and in the
Pacific, about a month. A reexamination of the assumptions reveals the actual
magnitude of the problems the Soviets would face in trying to search for US
SSBN.

The assumed detection range of 30 miles is undoubtedly too high as an
average figure, since it is based on submarines much noisier than US SSBNE.
As noted earlier, the new US Ohio class submarine, which is an ideal sensor
platform because it is so quiet, cannot detect one of its own kind beyond a few
miles at most. The range at which a Soviet attack submarine might detect an
Ohio class submarine may under many circumstances be less than a mile, and
usually less than a few miles.® In addition, the search speed of about 20 knots is
unrealistically high. Towed arrays would probably not function, and Soviet
submarines would make so much noise that they would deafen themselves.
Typical search speeds of Soviet submarines are around 5-8 knots. Accounting
for the probable overestimates of search speed and detection range, more realis-
tic search times against the Ohio fleet would be on the order of 50 times longer
than the figures given above, and that still assumes that the US does not
interfere in any way! When one considers the fact that many Soviet submarines
would never make it into the north Atlantic or north Pacific because they would
be caught or would be defending SSBNs, the times redouble. Perhaps most
important, US SSBNs will constantly evade the noisier Soviet submarines.
Thus, it is unlikely that the USSR can efficiently conduct strategic ASW
through area search.
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Covert trailing against US SSBNs would pose 2 threat similar to one of the
possible threats to Soviet SSBNs from US attack submarines. Soviet SSNs
have patrolled off the US coasts since 1966, particularly around important
ports. Today, most of these patrols are conducted by Victor III SSNs. The
Navy has testified that these ““do not pose a major threat to US Naval forces,”’
and presumably this includes US ballistic missile submarines.

The most recent designs of Soviet attack submarines, the Akula, Mike, and
Sierra classes, may be approaching the US Lafayette class SSBNs in total
radiated sound level. The detection range advantage of the US SSBNs over the
newest Soviet SSNs would decrease and may perhaps disappear before the
Lafayette class SSBNs reach the end of their service lives in the mid- to late
1990s. Under such circumstances it would be much more difficult for a US
missile submarine to evade a Soviet attack submarine that came across its path.
Soviet SSNis are still far from having a capability to trail covertly US Lafayette
SSBNSs, which would require a substantial Soviet acoustic advantage over the
US vessels. In addition, it would be only a relatively small fraction of the Soviet
submarine fleet that might achieve this acoustic equivalence.

As for large area acoustic surveillance, even if the Soviet Union had terri-
tory on which to base large acoustic arrays, there is not likely to be a passive
array or an associated processing system that could produce the signal gain
needed to hear Ohio class submarines beyond a few miles. Further complicat-
ing acoustic surveillance in the North Atlantic is the fact that in peacetime,
there are typically about 3,000 cargo vessels in transit across the ocean,® each
radiating about 10 million times as much acoustic power as an Ohio class
submarine. During wartime, the shipping levels might drop by about half,’
which would reduce the noise level by only 3 dB. Analysis also suggests that at
low frequencies on the order of 50 Hz, wind noise at high latitudes may be a
significant source of ambient noise at lower latitudes in the deep sound channel.'?

There is no technical reason why the Soviet Union could not attempt to
undertake trailing of US SSBNs in peacetime with active sonar. The main
considerations are political and military: what would the USSR stand to gain or
lose by such a policy? An unprecedented, overt threat to US SSBNs might be
viewed as a message of the most threatening kind. In military terms, it would be
similar to the Soviet practice of trailing US surface ships with their own combat
ships—a means of keeping track of and potentially threatening the US vessel at
the cost of putting a Soviet vessel at direct risk. Over a hundred US warheads
might be threatened by a single Soviet SSN, and that SSN would be simul-
taneously held hostage. In terms of damage limitation, such a trade might seem
favorable.

A major interest in damage limitation on the part of the Soviet Union
should be accompanied by a response against the United States SSBNs, which
carry about half of the US long-range nuclear arsenal. There is no unclassified
evidence that active trailing has been attempted off US missile submarine
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ports, however. This may be because such activity does not occur, or because
when it occurs, it is not made public, although the latter seems somewhat
unlikely. Given the fact that there have been a number of instances in which
US submarines trailing Soviet SSBNs and collecting intelligence in Soviet
territorial waters have been reported in the press, it would seem probable that
news of at least one successful Soviet active trailing attempt would have
reached the press. It seems improbable that a major trailing attempt against US
SSBNs has been mounted using active sonar, although some effort may be
ongoing.

Area Barrage against US SSBNs

While the United States has only about 6 percent of the megatonnage needed
for complete barrage of Soviet SSBN patrol areas, the Soviet capability for area
barrage against the much larger US SSBN patrol areas is nil without a wide
area surveillance system. The Soviets could barrage less than 1 percent of these
ocean spaces. Given the uncertainty of the assumptions regarding the kill
radius of a 1 megaton bomb, the estimate of four miles remains conservative
(that is, in giving high confidence of kill) for deep water. The wave effects in deep
water are not significantly different from those in the Barents Sea, although the
overpressure at a given range from an explosion may be somewhat higher. The
total area in which US submarines may patrol, including those regions a few
days’ transit from launch points, is almost an order of magnitude larger than
the Soviet SSBN bastions. Therefore, an area barrage seems like a very ineffi-
cient approach for Soviet strategic ASW. To the extent that nonacoustic sur-
veillance could localize US missile submarines, however, the barrage area could
be decreased.

Nonacoustic Surveillance of Submarines

The physical limits on nonacoustic surveillance apply in the same way to US
and Soviet submarines. Earlier, it was suggested that the most plausible imme-
diate use for Soviet nonacoustic surveillance was to detect US attack subma-
rines crossing the periphery of Soviet SSBN patrol waters, or actually within
them. Since most of the evidence regarding nonacoustic submarine observables
and detection comes from the US Navy’s SSBN Security Office, it is most
applicable to conditions present in US patrol areas. Testimony from that office
strongly supports the conclusion that no known nonacoustic phenomenon can
be used with confidence of detecting US submarines in the deep oceans of the
Atlantic and Pacific.



Soviet ASW Threats to US SSBNs - 77

For most of the phenomena examined in this study, the most effective
countermeasure available is simply to increase submarine operating depth,
which lowers the signal-to-noise ratio by a very large factor.

It has been suggested that US strategic submarines might be detected by
detecting communications antennae. US SSBN receive communications con-
tinuously while on alert (that is, on station and ready to fire missiles) and
periodically while on ““mod-alert” (in transit or on special exercises).!! Since a
floating wire antenna is a principal means of receiving these communications,'?
there has been much speculation about detection of these floating wires. The
Navy does “not feel that they represent a serious threat” to the covertness of
US strategic submarines.!? On the same point, the director of the SSBN Secu-
rity Program, Dr. Edward Harper, has “no concerns about detectability of
antennas, either floating wire antenna or buoy” today. “The concern is not
airborne or aircraft systems. They probably cannot pose a forcewide threat to
the submarines because of the large patrol areas.”'* He also stated that while
satellites are possible future concerns in SSBN security, “there is no imminent
breakthrough on the horizon” and that ““it is almost certain . . . that if such a
breakthrough were made, that sensor would be counterable by patrolling
deeper and slower.”!> A similar prognosis regarding Soviet satellite nonacoustic
ASW was advanced by the director of the Navy’s Strategic Submarine Div-
ision: “There is no indication that the Soviets are doing more than basic
research, as we are, in the satellite ASW system. . . . There is no breakthrough
that we see in the foreseeable future to affect the ASW survivability of our
submarines.””!®

It has already been noted, however, that the relationships between subma-
rine motions, generation of internal waves, and modifications to the surface due
to internal waves are not well understood. Definitive statements regarding the
application of synthetic aperture radar or sea surface emissivity sensors to
submarine detection probably cannot be made with confidence. Yet after look-
ing at four SEASAT radar images over submerged US submarines, one Navy
official testified “that the notion that you can find a submerged submarine with
side-looking radar from space is wrong.”!?

It is important to bear in mind two essential facts in the assessment of
nonacoustic ASW, one technological and one political. The physical effects
caused by a submarine’s presence and movement through the ocean are com-
plex and not completely understood. Although the analysis in appendix 3,
“Nonacoustic Means of Submarine Detection,” fails to reveal a mechanism for
the detection of submarines in midlatitudes, there is a considerable uncertainty
in some of the results, particularly in the areas of internal wave generation and
of detection of internal waves at the surface via radar or microwave radiometry.
In addition, there are a number of potential submarine observables that have
not been discussed in this chapter, but are the subject of active research. These
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include electromagnetic disturbances, wake effects on salinity, biological dis-
turbances of marine life, chemical and radiochemical effluents, erosion and
corrosion products, and the disturbance of organic films on the water surface.

The Navy has so many missions, and organizations to support these mis-
sions, that inevitably some internal incentives come into conflict. Part of the
Navy’s goal is to maintain the ability to attack the Soviet Union with nuclear
weapons. The Navy has been seen as providing a highly survivable soft target
capability and with Trident II will provide a highly survivable hard target
capability. Strategic nuclear capability and targeting roles have been perceived
as important bureaucratic bargaining levers in interservice negotiations, and
the Navy has little incentive to advertise a degradation in its major strategic
asset—survivability.

At the same time, antisubmarine warfare is an extremely important mission
(or set of missions) for the US Navy, and the importance of developing non-
acoustic means of detecting submarines will increase as the Soviet attack sub-
marines become quieter. A basic nonacoustic research program (without large
development programs) can be justified by saying that it is a means of avoiding
technological surprise. Any attempt to fund major nonacoustic sensor devel-
opment programs, however, will have to show some real progress in detecting
submarines. This is likely to raise the question “If we can do it, why can’t the
Soviets do it?” and introduce some doubts about US SSBN survivability.
These conflicting incentives may tend to inhibit nonacoustic ASW develop-
ment programs.

The threat to US ballistic missile submarines at sea appears to be very low
and is unlikely to grow rapidly in the next 10-15 years. The major sources of
uncertainty in this statement appear to be the complexity and potential for
detection of submarine generated internal waves, and a possible bias within the
Navy to make public only that data that reflects positively on SSBN security.

To the extent that the Soviet Union would attempt to limit damage to the
homeland from US SSBNs, it would have to use very different approaches.
One would be active trailing outside of ports, and, as we have seen, there is no
unclassified evidence that the Soviets are doing this. Another defense would be
to attack US SSBNs in port, either with sea-launched cruise missiles or special
forces, although the Soviet leaders would have to assume that in a crisis a very
large fraction of US SSBN's would be at sea.
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Attacks on Soviet SSBNs
to Tie Up Soviet Naval Forces

y attacking Soviet SSBN’s during the initial stage of a US-Soviet war,

the United States expects to tie up Soviet attack submarines and

prevent many of them from challenging US control of the sea. This
chapter describes US naval strategy for fighting the Soviet Union for control of
the seas, and the role of strategic ASW in that strategy. The next chapter views
attacks on SSBNs in light of their impact on the strategic balance.

While many of the official statements cited in this and other chapters are
recent, many of the ideas they express have a long history. Defense against
missile submarines, or strategic ASW, appeared as a naval mission as soon as
submarines that could launch nuclear weapons against shore targets appeared.

The context and intent of official Navy statements regarding maritime
strategy are important and sometimes unclear. No statements of this kind, even
those made by the secretary of the Navy or the chief of naval operations, are war
plans, nor are war plans articulated in public. The nature and purposes of
official utterances of strategy were discussed by the chief of naval operations,
Adm. James D. Watkins, in the introduction of his Maritime Strategy, pub-
lished in January 1986:

The Maritime Strategy recognizes that the unified and specified commanders
fight the wars, under the direction of the President and the Secretary of
Defense, and this does not purport to be a detailed warplan with firm time-
lines, tactical doctrine, or specific target sets. Instead it offers a global perspec-
tive to operational commanders and provides a foundation for advice to the
National Command Authorities. The strategy has become a key element on
shaping Navy programmatic decisions. It is of equal value as a vehicle for
shaping and disseminating a professional consensus on warfighting where it
matters—at sea.!

In this passage, Admiral Watkins has taken some pains to be clear that he is
not making statements about how to fight battles, and that he is leaving the war
plans to the commanders in chief. The intentions of strategy statements of this
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of the deepest refracted ray. A receiver at the bottom is therefore outside the
sound channel and is partially uncoupled from long-range acoustic transmis-
sion. The optimum placement of SOSUS and other long-range fixed acoustic
receivers depends largely on good sound channel coupling, so these arrays are
not placed in water that is too deep.

A useful concept that arises out of these cases is that with adequate water
depth there is always a depth below the sound channel axis at which the sound
speed equals the maximum value of the sound speed above the axis. The
maximum sound speed above the axis is usually found at the surface and 1s
determined approximately by the surface temperature. Below the axis, the
sound speed increases linearly with depth. The depth below the axis at which
the sound speed equals the sound speed at the surface is called the critical
depth. In case I, the water depth equals the critical depth. In case 11, the water
depth is shallower than the critical depth. In case III, the water depth is
greater than the critical depth.

In order better to understand the ASW environment, it is helpful to be
able to predict whether convergence zones ar¢ present. Convergence zone
reception depends on the presence of a sound channel. A sound channel exists
when the vertical temperature distribution causes a well-defined sound speed
minimum, a condition usually met at low and middle latitudes up to about 55
degrees north. Additional conditions for the existence of convergence zones
are: (1) the sound source must lie in the sound channel, and (2) the water depth
must exceed the critical depth by 1,200-1,800 feet in order that deep refracted
rays may turn around and be brought into convergence.'®

Predicting the existence and character of convergence zones is largely a
matter of predicting the critical depth in relation to the water depth. This is
simplified by the fact that the sound speed profile below the axis is very similar
throughout the world. The surface temperature determines the surface sound
speed and therefore the depth below the axis at which sound speed is equal—
that is, the critical depth. A convergence zone prediction curve is shown in
figure A4-13, on which is plotted a curve for predicting the existence of
convergence zones (solid) and a curve for predicting convergence zone range
(dashed). These curves apply to near-surface sources in the North Atlantic and
North Pacific. The bottom scale indicates the surface water temperature. Con-
vergence zones exist in water of a given depth and surface temperature if the
point on the graph lies to the left of the solid line. The dashed line is used to
find the convergence zone range on the right-hand scale, which corresponds to
the surface temperature. Since the solid line approximates the curve of critical
depth versus surface temperature, figure A4-13 can be used to predict roughly,
given only the surface temperature, the maximum depth at which a bottom-
mounted receiver will pick up distant acoustic signals from the sound channel.
Because of seasonal changes in temperature, it follows that a given area may
have a convergence zone in one season (winter) but not in another (summer).



238 - Appendix 4

SURFACE TEMPERATURE, °F
50 60

5 - ‘['i' T - T
] — 8 27

\[ Zoow

—— Absent

Vater 9
Denth, ] N R N R Y

Kito \ Zone
Feet 10 —t .

Range,
M

Zone
Procent \\

SURFACE TEMPERATURE, °¢

Figure A4-13. Convergence zone prediction curves.

Note: Water depth and surface temperature determine the presence or absence of a convergence
zone (solid curve, left-hand scale). Dashed curve and right-hand scale give the zone range. For
near-surface sources in the North Atlantic and North Pacific Oceans.

Source: Robert J. Urick, Sound Propagation in the Sea (Los Altos, CA: Peninsula Publishing,
1982), p. 8-10.

Thus seasonal effects are in many areas important for convergence zone
propagation.

Reflection of Sound at the S urface and Bottom

Reflection and scattering of sound at the surface and bottom boundaries is a
less efficient mechanism for sound propagation than refraction, though it is
important for shallow water and for short-range detection. Water is acousti-
cally shallow if the bottom plays a large role in determining the transmission of
sound—that is, if over the transmission path of interest, many bottom interac-
tions occur. A very rough guide to when water is acoustically shallow is when
the depth is the same order of magnitude as 10 acoustic wavelengths. Thus, the
term “shallow water” in acoustics is a frequency-dependent phenomenon,
although since most of the discussion here relates to low frequencies on the
order of 100 Hz, shallow water is on the order of 600 feet or less. Figure A4-2
shows the areas of the world ocean that are less than 660 feet (200 meters) deep,
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and it is important to note that these include much of the Soviet Union’s SSBN
patrol areas. Sound intensity loss due to multiple reflections at the bottom is
the limiting factor in long-range shallow water transmission.

The reflection of sound at an ocean boundary is a complex process that
involves energy loss at the interface and scattering of the incident wave in all
directions. The ocean floor may be covered with mud that permits sound to
penetrate to significant depths in the mud before being reflected or refracted
back out into the water. Scattering of an incident ray is illustrated in figure
A4-14. A surface that is smooth relative to the wavelength of the incident
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Figure A4-14. Reflection and scattering from the rough ocean bottom.



