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PREFACE

This study was conducted for the Office of Naval Research,
Hashington, D, C.,, under Contract No, Nonr-4891(00), It is one
of the tasks performed as part of the ONR Naval Command Research
Program under the direction of Mr. Raiph G, Tuttle, The objece
tive of this program is to provide a scientific and technologie
cal base on which Naval planners can make improved decisions in
the development, design, and implementation of Command and Con=
trol Systems,

The research was conducted by Santa Barbara Analysis ahd
Planning Corporation under the direction of Peter J. McDonough,
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ABSTRACT

This study has focused upon the implications of the shallow
water environment in the Tactical Command and Control of Single
Ship and Task Group ASY Operations, The tactical command of ASY
Surface Forces for ASW screens, search, and patrol operations is
revieved, The shallowy water areas of the world, with emphasis on
the wyestern Pacific, are outlined and the specific environmental
properties which contribute directly to the degradation of ASW
Forces in shallow water are -stressed The Command and Control Ree
quirements for general ASW surface ship operations are reiterated
and the general extension of these requirements to shallow water
ASY operations is examined, Special attention is directed to the
need to improve Effective Sonar Range Prediction in both deep and
shallow water ASY operations, and improvements possible are indio
cated by applying current propagation models, along with ray trace
ing techniques and programs automated for shipboard computers.
Two shallow water ASY scenarios are presented vwhich describe the
operational problems and current ASY system limitations which ree
duce ASY effectiveness in shallow water. The Appendixes of this
report provide a brief resume of the general Atlantic and Pacific
Fleet organization and a short description of current ASY systems
and thelr operation,
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INTRODUCTION

This study has addressed the assessment: of Single Ship and
Task Group Tactical Command and Control Requirements in Shallow
Water, with the objective to specify requirements in shallow water
ASY operations. Envirommental characteristics such as rapid tem-
perature fluctuations in time and area, bottom characteristics
(slope, absorption, scattering), salinity, tides and other currents
which contribute directly to the limited effectiveness of sonars
and weapons systems in shallow water impose special requirements
on command and control,

The requircments for shallow water and deep water ASH may ape«
pear similar in the general, broad aspect of the ASY problem, i,e.,
the functional requirements to detect, localize, classify, and
kill. These requirements are fundamental aspects of ASY and pere
tain to most any submarine threat in any environment, However,
technology has not provided individual ASW systems to operate ia
each of the different acoustical environments presented between
deep and shallow water environments, nor have ASY systems been de=
veloped that provide similar performance in both of these different
environments, ASY sonar and weapon systems have been designed and
developed primarily to pefform most effectively in deep water; and
even then they are limited under particular envirommental conditions.
Accordingly, present command and control requirements have been
deep=~water oriented, with a2 minimum concern directed to shallow
water operations,

The first section of this report describes tactical ASY opera=-
tions and ASV command responsibilities, These descriptions which
are supported by the definitions provided in current ASY Navy docu-
wents provide the basis for the command and control requirements
dealt with {n Section Three,

Section Two provides a limited description of the shallow
water enviromment throughout the world,

Section Three deals directly with command and control require~
ments, and in particular with the problems of providing Effective
Sonar Range Predictions for Fleet use, and how effective ESR pre=
dictions can improve the command and control of ASY forces,

Sectiof Four provides two shallow water ASY operational
scenarios which, in many aspects, bring together all the sections
of this report in a general description of shallow water ASW pro=
cedures and Indicate some of the command and control requirements
peculiar to these shallow water operational conditions.
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The Appendixes of this report provide supporting material
for a more comprehensive description of shallow water ASW, Al-
though this appendaged information may not bear dircctly upon
Shallow Yater Command and Control Requitrements, it provides for
a better understanding of the ASW forces and systems and the
overall need to improve command and control of the ASW forces
in shallow water.
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CONCLUSIONS

In shallow water it is recognized that sonar detection range
and effective weapon range, relative to deep water, are limited.
Classification is more demanding (with much less time available
for making decisions) since convoys and other transitting Maval
forces have little or no opportunity to avoid the enemy submarine
when proceeding through shallow water, DMultiple sonar contacts
are more possible and probable on target-like returns from the
bottom and from shipwrecks in shallow water, and shipboard navi-
gation may not be accurate enough to resolve positions of target=
like sonar returns with known charted false targets (wrecks) or
anomalies.

Acoustic homing torpedoes are easily bottom or surface cap=
tured in shallow water, and probable short range weapon require-
ments will limit the active or passive acoustic homing torpedo
until a very positive control is available.

Each of these aspects of shallow water ASY requirements is
impcertant to varying degrees in current ASH command and control
requirements, One of the more important requirements for the
effective command of ASW forces, and for overall tactical ASY
operations in shallow water (»or deep water), is determining the
Effective Sonar Range (ESR). ESR is fundamental in ASY surface
ship screen spacing and picket and pouncer positions, hipboard
techniques for making accurate ESR predictions is one important
cormmand and control requirement that needs to be satisfied now,
as well as in future planned ASY systems. Current Fleet cap=
abilities for predicting ESR in deep water are not good, and ine
Fleet methods developed for shallow water are nomexistent., In
the past, only a limited effort has been directed towards sup=
porting Fleet development of screening tactics by assisting shipe
board ESR prediction with automated facilities; yet ESR ic one
basic factor used to establish all ASW screen positions.
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1, TACTICAL CCG:iiAND OF ASY FORCES

This section describes the designated ASYW Tactical Commanders,
their authority and responsibility, and the general tactical opera-
tion of ASY forces.

The highest command level in tactical ASW operations addressed
in this study is the combinstion of the Task Force Cormander ASY
Forces with the Sector Commander ASY Forces to provide the required
ASY forces for the designated mission. It is under this general
tactical command area where the Officer in Tactical Command {OTC)
directs tactical ASil operations, or where his designated commander
does soj and it is where this study has been directed. There are
other ASY tactical commands, particularly Barrier Commands; but
in general the Tactical ASY Commanas for operations depicted in
Figs. 1.1 and 1.2 have received the major emphasis, In this re-
port all specific definitioas provided are obtained from Naval
promulgated references,® The following basic definitions are being
used when attention is directed tc Surface Ship and Task Group
Command and Control Requirements in shallow water ASY operations.

1.1 The Officer in Tactical Command (0LC), The OIC is the

senior officer present or the officer to whom he delegates the
tactical command, The OTC command relationships which are shown
in Fig. 1.1 are as follows:

1. VWhen forces or units operate at sea under the control of
a commander ashore, the CTC of such forces or units reports to the
cormander ashore,

2, Yhen units assigned f0 a commander ashore join or operate
with the forces operating at sea, the cormanders report to the OIC
of the force,

3, then independent forces at sea join or operate in the
same area, the senior OIC of the forces becomes the OIC of the
combined forces,

4, Tvhen a unit is decached from an ASW Force to conduct in-
dependent operations, the commander of the detached unit continues
to report to the OIC of the force unless otherwise directed,

5, The OIC is responsible for the defense of his force
against the encemy threat from surface, air, and submarine units,

*NWIP 24=(A); NWP 26(A); ATP (1a), Vol, I; and NWP 24~2(A).
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VS or VP Alrcraft
A
L\ . Destroyer=type Ship

A
‘"‘b Helicopter

(A) VS or VP aircraft leave screen and operate as (ASAU),
(B) Two destroyer screen members leave screen and operate as (SAU).

(C) Helicopter operating as pouncer leaves screen to operate with
Hunter/Killer Unit.

(D) Aircraft, 2 destroyers, and helicopter have now joined to form
Hunter/Killer Unit (HUK).

)

<

T.

t FORMATION

Bent Line Screen

Fig. 1.2, Formation of SAU, ASAU, and Hunter/Killer Unit From
Representative AsY Forces.

Refs. 1,4, 1,6, and 1,7,
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He normally delegates the authority for the antisubmarine defense
of the group to the screen commsnder, In this case, the OIC of an
ASY carrier group usually retains the control of the surface screen,

but the stationing and orientation of the screen ships is usually

ordered by the screen commander,

1.2 The ASH Commander, Under certain circumstances, theater,
fleet, or force cormanders may delegate the ASW responsibility for
a specific area or for a large dispersed disposition to an ASW com=
mander, “hen so delegated, the ASY commander acts as the operating
deputy of the OIC in all ASY matters concerning the area or disposi-
tion, These responsibilities are:

1, The control of all ASY operations in the defense of the
area or force, keeping the OIC infcrmed, The ASW commander may
designate SAU’s and ASAU's.

2. To recommend to the OIC the sonar employment policy for
the screening units.

3. Recommending to the OIC countermeasures policy for the
force against torpedoes, an.. the evasive measures for the pro-
tected force,

4, The coordination of supporting maritime patrol and the
carrier~type ASY aircraft assigned to the force.

3. Establishing datums, the last known position of the
enemy submarine,

1.3 The Screen Commander., When so directed by the OTC, the
screen commander takes charge of the ASW defense of a force and
normally remains in charge of the screen at all times. He recom=
mends actions to the OTC and keeps him informed of the status of
the screen.,

The screen commander, as the OTC'’s operating deputy, must
be completely aware of the screening requirements, the threat
against which the force is being screened, and the capabilities
of the units under his command.

The screen commander requires maximum information from all
sources within the ship screens and must maintain close and effec-
tive liaison with the 07C, The screen must know the OTC’s inten=
tions in order to function effectively, and the OTC must know the
tactical limitations of the screen.

1.4 Contact Area Commander, The contact area commander (CAC)
may be located either in a ship, aircraft, or submarine,® depending

#This study has not included the submarine role in coordinated ASW
operations, Available data on coordinated operation is limited and
almost nonexistent for shallow water exercises, and the limited data
available is not indicative of current successful coordinated operas
tions,
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on vhich of these units has the better information as to the enemy sube
marine's position, movements, and probable intentions, In the case of
coorainated operations between alrcraft and surface ships, the senior
pilot of the alrcraft in contact with the enemy submarine is the CAC
until the search attack unit enters the contact areca and formal exe
change of information and command is effected, The Search and Attack
Unit (SAU) commander decides when the SAU is to enter the area, When
entry is made, the SAU commander normally becomes CAC unless he dele=
gates control to another officer, This same change of command occurs
winen submarines and surface ships or submarines and aircraft carry

out coordinated operations,

A submarine operating on the surface, or at snorkel or peri-
scope depth, is usually an aircraft target when the target area
is clear of surface ships, A submerged target is usually a target
for the SAU,

Particular attention by the CAC must be given to the exact
capabilities of the specific units involved in the contact area
search, Units of the same type and class often have different
detection, search, and weapon capabilities because of major varie
ations in installed equipment,

These general tactical operations carried out between ASW
Surface (SAU) and Air (ASAU) Units are shown in Fig, 1.2,

1,5 Search and Attack Unit (SAU), The basic designation

for surface units is the Search and Attack Unit (SAU), which 1s
normally composed of two or more ships, '%hen these ships are
supplemented by fixedewing aircraft and helicopters capable of
search, attack, and destruction of submarines, they form what
originally was called Hunter/Killer (HUK) operations, A single
ship capable of detecting and destroying a submarine may be
designated a SAU in an emergency, The actual number of ships
making up a SAU is determined by force requirements and the
number of ships available,

The SAU may be organized for the specific purpose of con-
ducting independent ofrensive operations, If so, it is an anti~-
submarine force in itself, At other times it may be a unit of a
force and may be detached from that force, when required, to
conduct ASY operations; however, it achieves its greatest of=
fectiveness when used in coordination with aircraft in search/
attack operations,

1,51 Aircraft Search and Attack Unit (ASAU), Antisube

marine aircraft may be either shorewbased or carrier=based and
include fixed-wing, helfcopter, sud seaplane types whose primary
function is search and attack when assigned to locate and destroy
submarines,
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Both ship and aircraft characteristics, weapons, equipments,
and pertinent ASW capabilities are provided in Appendix 3,

1.6 ASH Tactical Screens, Search, and Patrol., The tactics
and procedures of ASY screening and search are discussed under
this section; the more important aspects of ASYW procedures are
included, This section can provide a very quick look at the broader,
overall ASY search and screening operations,

1,61 Screeningz, Surface ASW forces provide ASW screens
around the "protected force® to prevent the attacking submar'ne
from acquiring an attack position suitable for launching a torspedo,
This ASY screen is designed primarily to locate, recport, deter at-
tack, and destroy submarines before they can gain the attack posi~
tion, The screen ig composed of ASY surface ship escorts: DD's,
DDE*s, DE's, CVS's, along with uL's, JLG's, DDG's, DEG’s, helicop-
ters, and fixed=wing alrcraft, Screening surface and air units
operate in the area close around the force or convoy and provide
the last opportunity for protection against enemy submarines.

Escorts of the screen are responsible for the protection of
the convoy, and the operations conducted by these escorts (surface
ships and aircraft) are designated escort responsibilities, whose
primary objective is to ensure safe and timely arrival of convoys
at their destinations, The cecondary mission, to seek out the
enemy and destroy him, can only be pursued irf more than sufficient
forces are available f20 carry out the primary mission. Detailed
maneuvering instructions and command relationships for the escort
forces are provided in reference ATP 1 (A). A representative es-
cort problem and the ASYW gcreen protecting a force or convoy en
route are shown in Figs. 1.3 and 1,4, As will be noted in Fig. 1.4,
there are three basic arecas of importance in estabiishing a screen
around the formation., These three areas, the Torpedo Danger Zone,
the Danger Zone, and the Detection Circle, are explained as follows:

1.611 The Torpedo Danger Zone grnzz is that area

around the screened body within which a torpedo with maximum
operational range (R) must be fired to have a chance of a hit,

The speed and range of the torpedo and the speed and disposition
of shlps in a formation determines the size and shape of the arza;
but as would be expected, it 1s the main incent to keep all sube
marines outside the Torpedo Danger Zone, This is the basic prob-
lem presented to the screen from submarine=launcked torpedoes.
This does not, of course, protect against enemy air=launched
weapons,; and it is not designed to do so.. Rocket=deiivered torpe-
does and long-range standoff weapons are not considered in this
study, primarily because the shallow wacer limitations imposed
upon ASY surface forces are also imposed upon the attacking sub-
narine,
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1,612 The Danger Zone is the area vithin which
a completely submerged approach to the Torpedo Danger Zone is
possible, This area is formed by the arc shown in Fig, 1.4 and
the limiting lines of approach,

Fig. 1.5 shows the limiting lines of approach (LLA) in more
detail and indicates how they are drawn, The relative speed of
the formation to the would-be attacking submarine establishes the
LLA. As the speed ratio (speed of formation/speed of the sub-
marine, VC/V ) gets smalier, the angle made by the LLA gets larger,
Yhen the speed of the submarinc . the speed of the convoy, this
would theoretically permit an approach by the submarine to the
TDZ from any angle behind the formation.

The larger the speed ratio, VC/VS, the smaller the area
forward of the formation that is necessary to screcen. There is
a degrading effect, however, as VC increases, The increase in
formation speed requires an increase in escort speed. In general,
when this cccurs the Effective Sonar Range (ESR) is reduced, due
to the increase in self-noise level with speed, which in turn de-
creases the signal/moise ratio available for a specified ESR.
These problems and their particular aspects in shallow water are
discussed in more detail in Section Three, WYhen V., is increased,
the OIC must carefully consider detaching escorts gor prolonged
prosecution of a contact, At increased formation speceds, ships
so detached for long periods probably will not be able to rejoin
the formation since they will have little or no margin of speed
over the main body of the force.

1.613 The Detection Circle is the circle around
the force within which the submarine can detect the scresned
force, This dctection range is much greater than the detection
range from the surface ship using active sonar., The submarine
receives the active acoustical ping which has traveled only one
way, vhile the shipboard sonar must receive the siznal after the
two=way attenuation, Also, the convoy itself generates enough
noise to be detected from £fifty to a hundred miles or more by the
submarine,

1,62 Advanced Screen or Pickets, Yhen the OTC has

enough escort ships available, or if he suspects ecnemy submarines
far in advance of the force, he may want to use an advanced screen,
The advanced screen, or pickets, are stationed within VHF or UHF
communication range of the main body to patrol a sector or a
bearing determined by the OTC. This outer screen is normally com=
prised of long=range sonar equipped ships that can provide detec-
tion of in~layer submarines far in advance of the screened for-
mation, Alr surveillance and helicopters with dipped sorars add
to this capability and will usually be usad to augment a picket
destroyer.
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1.63 Pouncers. Inside the screen the OIC may essign
other destroyers and helicopters. Units assigned stations inside
the conventional screen, adjacent to the main body, act as pouncers.
Pouncers provide additional obstacles to restrict the submarine’s
freedom to obtain data and to mancuver into firing position in the
event that he penetrates the screen, They also provide ships for
a deliberate attack on submarines contacted by advance or main
screen units, or to £ill vacant stations left in the screen when
a screen number is deployed as a SAU. Hellcopters with dunked
sonars used as pouncers provide an extra element of surprise for
the submarine since thelr presence is not easily detected, es-
pecially when dunking in a random pattern,

1.6% ASY Screen Types. Scveral typos of scraens cur-
rently in uge are described below:

1,641 Bent Line Screcns (See Figs. 1.3 and 1,6,)
The bent line screen is a screen forward of the main body, and as

‘its name implies, it usually forms a curve or bent line. The bent

line screens and destroyer spacing included in ATP 1(A) are based
on submarine speeds of 12 knots and a main body speed of 15 Imotss
and torpedo characteristics are straight running 45 knots, 12,500
yard range, and a salvo of six,

Yhen there are enough screen ships available, the bent line
screen would be based on the near zero percentage hit probability
contour around the screened unit. This contour is the locus of
firing points from which 12,500~-yard torpedoes could .almost reach
the screened ships (TDZ). The recommended escort=to-escort dis-
tance is 90 percent of the sum of the effective sonar ranges (ESR)
of adjacent ships.

1.642 Circular Screens (See Fig. 1,6) Circular
screens (including the horseshoe tyne) provide ASW protection
around a force vhen the submarine speeds approach or surpass the
speed of the formation of the screened unit, The provision of a
Y30lid"¥ gcreen, spaced at 90 percent of the sum of the below~layer
ESRy, is desirable; however, the principle of equalization is re-
commended when there is a shortage of screen ships,

This controlling principle, equalization, is based on recon-
ciling the two probabilities that the submarine will penetrate
the surface screen undetected and that the submarine will score
a hit from outside the screen, Increasing the spacing between
screening units increases the chance of submarine penetration,
Decreasing the distance between main body and surface screen ine
creases the chance that the submarine can launch a torpedo and
score a hit from outside the screen,
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Plan 14C of ATP (A) is used to determine the screen circle
to be used, depending on the sweep width acceptable to the OIC.

1,643 Patrol Screens (See Fig. 1.6,) There are
two types of patrol screens: screens with equal sectors and
screens with unequal sectors, UYhen the ratio of the formation
speed to the submarine’s speed increases so that attack from the
van is more probable, a patrol screen with unequal sectors is

indicated. Otherwise, an equal sector, circular screen is recom= .

mended,

Patrol screens allow random patrolling of sectors by the
screen units at a greater distance from the screened body. This
complicates the submarine®s problem in definition of the formation
pattern, and the determination of a safe gap through which to
penetrate the screen is wade more difficult,

The following sweep width criteria for patrolling escorts
is given in NWP 24(A):*

Main screen unit®s width = 2,25 times the belowe
layer ESR.

Pouncer sweep width = 2 times the below~layer
ESR.

Picket and advanced screen sweep width = the sum
of the above-layer ESR and the below-layer ESR.

Half«sweep width for pickets and advanced units is
taken as the average of above~layer and below~layer ESR's.
This average ESR recognizes that not all submarines will
operate above the layer in the picket or advanced screen
area,

1.7 ASY Search, For so called ¥area surveillance," search
may mcan entire ocean basins, while for a particular datum it may
be confined to some area as small as a few miles square., The pri-
mary objective of search is detection, It involves the systematic
investigation of a particular area with all of the ASY platforms
available, with each contributing in a special way. Actual search
plans and tactics designed to achleve the desired results are dew
tailed in ATP 1 (A).

1,71 Search by Surface Ships for a submerged submarine
in a small area over an extended period is more sultable than

search by aircraft., The ship has a lower rate of search, and
visual ranges are less than aircraft; but the sonar datum on a

“Note that the criteria is based almost completely upon ESR.
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submarine below the surface will be more accurately located if
and when the submarine is detected. Tne ship has the capability
of remaining on-station for a much longer period than is possible
in the case of aircraft; but both are limited by severe weather.

. Single=ship search 1s seldom used with current sonar equip=
ments because the initial detection range is limited, As opposed
to single~-ship operation, several ships operating together are more
effective in searching an area. With present sonars these ships
are more effective in maintaining contact; mutual support is pos=
sible; and the opportunity to conduct a rapid series of attacks
invariably follows,

1.72 Search by Alrcraft over large areas utilizes the.
advantage of a broad fileld of vision and a high rate of search,
especially vhen surfaced or snorkeling submarines are involved,
The aircraft provides carly warning of enemy submarines, and it
is almost always used in advance of the ASY force,

The sonobuoy systens with alrcraft are so small that only
a limited capability can be built into them, and most of the
signal processing is provided by the aircraft platform, Future
systems, such as the large air transportable sonobuoy, may im=
prove the detection and search capability,

Fixed-wing alrcraft cquipped for radar relay are also em=
ployed in coordinated operations, which improves the effective=
ness of available ships, submarines, and aircraft, Although the
primary task of these aircraft is airborne early warning, as
noted above, they can also be used to establish surface surveils
lance of a designated sea area, searching for a surfaced sub, a
snorkel, or a periscope, both visually and with radar, Air-
craft can also provide information required to establish surveil-
lance plots to suitably equipped surface or airborne units.

1,73 Search by Helicopters. Helicopters are excel=
lent for visual search and good for sonar searchj and when used
in conjunction with surface ships and other aircraft, they
greatly increase the screening capabilities of the force, They
have limited onestation time, are also weather limited; but at
times they can provide tracking and trailing of enemy submarines
with either passive or active dunked sonars,

1.8 ASY Patrcl. Patrol operations, in contrast to search,
are conducted against submarines (1) to restrict them to their
bases; (2) to detect and destroy them en route to or from their
bases, (3) to restrict their areas of operations, and (4) to
force them to use submerged tactics, Barrier patrols (the most
common patrol used) are conducted by surface ships, aircraft,
submarines, or a combination of forces, They are most commonly
used over limited distances; and in cold war periods they can
provide a relative testing area for both combatants,

17
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1.9 Sweep yidth and Effective Sonar Range. Sweep width
is a basic consideration in determining the type of screens
to be used, as noted under the discussion of screening.
Sweep width in its most simple form is merely the Effective
Soner Range (ESR), or the estimated swath of ocean covered
by the sensor of a searching unit,

Normal submarine tactics are also an important factor in
determining the type of screen and sweep width, The sub~
marine will often operate in or abcve the layer during its
approach to the force in an attempt to gain acoustic attack
information; but once this information is in hand, the sub-
marine may seek its best depth to avoid detection (approxi-
mately 30\ layer depth') while penetrating the screen. Con-
sequently, the sweep width for pickets or advanced screens
is based on the average of the ESR, considering both above
and below layer targets, while the sweep width of pouncers
and ships in the main screen is a function of the below-
layer ESR.

The belowe=layer ESR is much shorter tnan the in-layer
ESR, If the pouncer is to be prepared for the worst case
(the last resort), he develops his inside screen defense
position for this condition,

The relationship betueen sweep width, screen spacing,
and probability of detection is expressed in NWP 24 (A)

9 .,
by g P
where W = Sweep Width
S = Screen Spacing
P = Probability of Detection

Most screen spacings discussed in NYP 24 (A) and ATP (A)
Vol. I are established from the Effective Sonar Range, and
usually 90% of the Effective Sonar Range is recommended, At
the option of the OIC, screen spacings may be varied as a
function of ASW platform availability, platform ¢,.eed, and
environmental conditions., In some situations the OTC may
prefer to establish spacings at a value other than 90% of
the Effective Sonar Range., The ESR is established at the
range vhere (on the average) the returned echo from a sus-
pected target submarine will just be detected 50% of the
time, and 50% of the time it will not be detected, This
varies with several things such as target aspect and position
above or below layer, sonar equipments, environment, operator,
and speed of platform, which will become more obvious after
reading Section 3 for more details, If the OTC so desires
and wvants to vary the effectiveness of the screen, he can
do so by increasing or decreasing the detection probability
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of a screen unit, By increasing screen spacing, he de~-
creases the chances of detecting the submarine; by de-
creasing the spacing, he increases the probability of
detecting the submarinc,

An escort occupying a fixed station provides sonar
coverage equal to twice his ESR on either above-layer or
below~layer targets., If escorts are placed relatively
close to the protected force, an enemy submarine can more
easily depict the pattern of the formation, clearly re-
vealing both position and general heading of the protected
force; but at the same time it makes it more difficult to
penetrate the screen, ‘hen the screen escorts are placed
at greater distances and patrol sectors form a random pate
tern the submarine then has a more difficult problem to
determine the general direction and size of the force,
but could find it much easier to penetrate the protective
screen,

1.10 Coordination of Surface Ship and Aircraft. Co=
ordination within and between all ASY units is the primary
requisite for success in antisubmarine warfare., To achieve
the required cocrdination, all commanders, unit commanders,
ship captains, and pilots must be thoroughly familiar with
the characteristics and capabilities of their own and all
other types of ASY units involved in the operation.

Surface ships and alrcraft carry out coordinated opera=-
tions against enemy submarines. Surface ships and fixed~
wing alrcraft or surface ships and helicopters are most com=
monly used. In this use, both exploit the primary capabilitles
of each type. By resorting to the surface ship®s CIC for
plotting and control, and taking advantage of the aircraft's
speed, the posgsibility of a joint successful attack is increased.

Normally the fixedewing A/C or helicopter commander in-
itially in contact with a submarine is CAC until the SAU
reaches the area, The officer assuming the duties of contact
area commander informs all ships and aircraft in or approaching
the contact area that he has assumed command and at all times
keeps the officer in tactical command informed of the progress
of operations in the area, The SAU commander decides when the
SAU is to enter the contact area, but the CAC may advise the
SAU commander to delay the entry of ships into the contact
area if it is congidered that the employment of aircraft alone
would be more profitable,

The SAU commander becomes CAC after he enters the contact
area and relieves the ailrcraft commander,
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1,101 Coordinated Search by Aircraft and Surface
Ships. Coordinated operations by surface ships and fixed-
wing aircraft or helicopters may be divided into three phases:
search by alrcraft resulting in a contact and attack on the
submarine by the aircraft, the approach of the SAU to the sub=-
marine contact to cooperate with the alrcraft if its attack
has failed, and the local search and attack by a search attack
unit in cooperation with aircraft.

In coordinated operations, fixed-wing aircraft provide the
means for both distant and close support, cormunication links
with other aircraft or surface forces, and airborne early wvarn-
ing, The SAU provides scarch capability, cormunication links,
facilities for aircraft control, and antiaircraft fire for
the protection of the formation, ASY carrier alrcraft comple=~
ments also include AS' helicopters, which have a primary mis-~
sion of reducing time late of active sonars in the contact
area after detection has been made by an air search attack
unit.

A systematic monitoring and positioning of helicopters
is necessary if their ASYW capabilities are to be used effec=
tively, The controlling ship attempks to keep in constant
radar contact with the helicopter, Ships controlling heli-
copters maintain at least one lockout for each helicopter
being controlled with the sole responsibility for constant
visual contact with the helicopter. The entire helicopter
ASY operation depends on the proper maintenance of communi-
cations; and if there is communication failure the helicopter
is usually returned to the carricr, especially when high seca
states-severe air turbulence may make it difficult or ime
possible for the pilot to maintain station,

“hen the OTC receives an enemy submarine contact report,
he decides vhat assistance to send to the contact area.
Helicopters would normally be ordered to the area as soon as
practicable. They can normally rcach the contact area in
less than one=third the time required by the SAU, and their
active sonar is valuable in localizing the submarine, If a
contact is lost, it is recommended in NWIP 24«2 (A) to send
a SAU to the contact area if the reported contact can be
reached within 45 minutes of the time contact is lost, The
superior plotting and command facilities in a SAU usually
result in more efficient coordination of the various units
in the contact area,

1,102 Contact by Coordinated Forces, In coordinated
operations by units of a single ship type, the contact phase
is a crucial one in antisubmarine operations, Contact by a
unit in a coordinated force may, 1f the tactical situation
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permits and cooperating units are at safe distances, lead
to classification and immediate attack, If the immediate
contact requests assistance from the ASY force members,

the OTC must decide how much assistance he can provide with-
out reducing his capability to perform the assigned mission.

hen an aircraft has contacted an enemy submarine, he
jmmediately transmits the target position to the OIC or to
his controlling unit, If the alrcraft holds contact until
the SAU arrives in the contact area, the SAU attempts to
gain contact and attack the target, direct~=d by the SAU
commander, The local search and attack phase of coordinated
operations by ailrcraft and a search attack unit begins when
the SAU enters the contact area and ends with the destruction
of the submarine, or when the search is stopped at the dig~
eretion of the CAC or on orders from the OIC.

The helicopter, as with the fixed-wing aircraft, also
reports the contact to the controlling unit, vho in turn
plots the position and informs the OTLC, Again, when the SAU
enters the contact area, the SAU becomes CAC.
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2, SHALLOY tATER ASW ENVIRONMENT

2.1 Definition., The general use of the phrase “Shallow
Water ASW" implies that the operations of ASY Forces in shale
low water ocean areas are ruch different than ASYW operations
in ‘deep water¥, That this is true 1s accepted by most ASY
Fleet operators}¥ however, there are only limited Fleet opera~
tional data collected during ASY operations in shallow water
to substantiate any large differences in operational results,
Not that operational differences do not exist; they do. There
are very definite differen~es that are fairly obvious, but in
the past most ASY exercises have not been conducted in shallow
water to obtain the necessary detailed comparative results.
Furthermore, there 1s available only g minimum of ASY tactical
doctrine that bears directly on shallow water ASW tactical
operations, which is also probably due to limited Fleet ASY
exercises in shallow water. An awareness of the potential shal=-
1low water ASY problems that can, and probably will, confront
the ASW forces in the future appears to be on the increase,
however~~~=wagspecially so at the Fleet ASY School, San Diegv,
California, in the teaching of Surface Screen and Search
Tactics and Coordinated ASY Tactics,

The differences that most Fleet ASYW operators describe
as speclal shallow water ASY operational problems can, for the
most part, be attributed to the large differences in the phy=
sical environment between deep ocean areas and shallow coastal
waters.

“Shallow water® and "inshere vaters™ are terms used inter-
changeably in many Naval reports; inshore operations, however,
is a desigrated Navy term, For example: Inshore (coastal)
Search, ifobile Inshore Unders=a Warfare Units, Inshore ASY,
etc,, are used officially, and “shallow water" is used mostly
in a similar descriptive sense, Shallow water is frequently
defined at 100 fathoms or less. This does not, however, die
rectly mark the demarcation from shallow water to deep water
since it is not defined or marked by a single factor., In ASY
operations it will always be well to consider shallow water
areas to be any area that forces environmental constraints
upon the ASU system that differ from cpen area operations.
These constraints include all those assocliated with sensors
and weapons as well as overall systems or subsystems, The

*Fleet ASY School, San Dlego, California
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most important constralints are those affecting the acoustic
sensors, These are bottem absorption, reverberation, and
rapid temperature variations in space, time, ard salinity
vhich affect sound velocity as well as the effccts on false
alarm rate (the nced to classify the probable many submarine-
like false targets on or near the bottom)., Also, localization
techniques dependent upon Magnetic Anomaly Detectors (MAD)
may be affected due to geological formations being much closer
to the surface, and therefore closer to the target, in shallow
water, The magnetic anomaly created by a large mass of iron
(the submarine) in the earth's magnetic field is sometimes
much less noticeable in a stronger magnetic field created by
operating the submarine close to large geological formafion
. (i.e.y near the shallow water bottem), Visual sighting of
submerged submarines from the air may also be reduced in shal-
low water. Shallow water in coastal areas near fresh water
outlets has a tendency to be largely murky, turbid water which
presents even more of a problem to visual sighting of sub=
merged submarines.,

For the operating submarine, shallow water may well have
many other significant restrictions such as: too shallow to
allow maximum speed without cavitation (cavitation is a func~-
tion of vapor pressure vhich is directly proportional to
depth), or too shallow to keep enough depth below the keel
te permit recovery from depth-control malfunction. And the
submarine operator, as with the surface ASY forces, may also
find the ambient noise level in shallow water to be increased
due to breakers on the beach and surface traffic, especially
near ports. This increase in noilse level certainly will re=
duce the effectiveness of passive sonar systems unless;of
course, it comes from the target to be detected,

As may be evident by now, the foxact shallow water depth
is not so important=--~only the attendant variations in ASY
operations vhen the vater depths are near 100 fathoms, more
or less, and how these variations will affect overall ASY
operations, This constitutes the shore and near~shoreline
throughout the world and encompasses most of the water lying
over the continental shelf, It also constitutes many rela=
tiv§1y large areas for Naval operations (see Figs. 2.1 and
2.2),

2.2 Extent of Some Strategic Shallow_tgter Ocean Areas
in Southeast Asia., One of the most important bodies of water

in the world to the U, S, Navy today is the Scuth China Sea,
which is unique in that it is composed of very cxtensive
areas of shallow water (see Fig, 2.3). The Seventh Fleet
operates in and out of shallov water (100 fathoms, 500 feet
or less) daily, and due to present and probable future come
mitments, may be expected to continue these operations in
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support of U, S. Forces and policy for an extended perioa
of time, If future extenuating political or military crises
require Naval operations deep in the China seas, then most
all of the Maval arena in this area will be ccmprised cf
waters whose depths are Jess than 600 feet,

The Gulfs of Tonkin and Siam contain extensive stretches
of very shallow water, some stretches less than 10 fathoms,
that may extend as far as 25 nautical miles from the shore,
(See Fig. 2.4 for a relative depth profile,) Over much of
its shallow water area, the South China Sea is between 20
and 40 fathoms deep.

Indonesia is south of the China Sea, but readily acceg=~
sible to it, Formosa does not border on the South China Sea,
but access to Formosa from the west creates a shallow water
problem, The Straits of Foxmosa (which are roughly 100
nautical miles wide and separate Formosa from the Communist-
held mainland) are less than 100 fathoms deep, On the other
side, the 100 fathom contour lays just to the east of this
island nation,

Other areas, such as the Zastern Mediterranean, Persian
Gulf, Red Sea, Baltic Sea, North Sea, Bering and Chukchi
Seas, the Continental Shelf off North and South America,
are all of current or future importance to the Operating
Forces; but currently their defense does not bear so di-
rectly on present and maybe future operations EXCEPT THAT===
and this should be emphasized=-=~much of the gsubmarine training
today is carried out in shallow water, even our own. U, S.
submarines in SUBDEV GROUP T#O out of New London, Connecticut,
Soviet submarines in the Baltic, Barents, Black and White
Seas, CHICOMS in the East China and Yellow Seas, and Indonesia
in the Java Sea are all receiving shallow water operational
experience, However, it is almost a research problem in it-
self’ just to obtain ASY Fleet exercise results, or ORE's
carried out in shallow water, Either the ASYW Forces in the
past have had only very limited shallow water experience or
the operational results have not been documented, Perhaps
this lack of experience is being improved, however, with
some of the recent exercises, e.g.,, The Plumbob Exercise of
October 65 conducted in the general area off Block Island
by Aclantic ASY Forces,

Fig. 2.4 shows an accumulative cross section percentage
of some of the shallow water areas of the world, These curves
indicate how shallow some of the shallow water areas are,
and one might rightfully ask: %Can there recally be an ASY
problem in waters this shallow?® (i,e., “ilith waters only
100 feet or so over the submarine sail when bottomed, will
the submarine missions require them to operate under such
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{ ) Indicates width of channcl, n.nmi,
% Indicates distance to 100-fathom contour, n.mi.
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an environment?“) This study is not in a position to answer ;
that question; but for the time being the following historie~

cal data, vhich was developed by the Fleet AS¥ School, San

Diego, California, whould be sufficient to create more than

casual concern for potential ASY probtlems in shallow waters

IN WORLD VAR II
1. Every British battleship, fleet carrier, or

cruiser sunk or damaged by submarine action
uas sunk or damaged in shallow or inshore water

2. Every German warship, cruiser size or greater,
sunk or damaged by submarine action was sunk or
damaged in shallow or inshore water

3, Every German warship torpedoed by Soviet sube~
marines was torpedoed in shallow or inshore
vater

4, Every Italian surface warship sunk or damaged
by submarine action was sunk or damaged in
shallow or inshore wvater

5. Every Soviet warship sunk by submarine action
was sunk in shallow or inshore water

6, Every British submarine sunk by enemy action
was sunk in shallow or inshore watex

Table 2.1 gives the relative shallow water areas for most
of the world in sq. n. miles. The significance of these areas
is not in their size, but in their geographical importance in
current world conflicts.

Much of the shallow water eavirommental data, like most
other ocean environmental data, 1s still very limited., Although
Ref, 2,1 states, "The bottom composition of the South Sea is pre-
dominantly mud in the east (with numerous coral reefs and sea
mounts), sand in the central section, and mud in the western
section (Fig. 2.5),and the Straits of Formosa are primarily
sand, with a small strip of mud near the island," as is shown
in Flg, 2.5, these conclusions are all drawn from a relatively
limited sampling of the bottom. For en example of how limited
the accessible data is, note the legend at the top of Fig, 2.9,
Ref. 2,2, Here they note data for bottom composition from
fewer than 19 quadrangles, indicating the scarceness of this ‘
type of data, Even were this amount of data considered appli=
cable for ASY, it would still be suspect for tactical ASY
operations~~=not because of inaccuracies in Ref. 2.2, but !
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Area < 100 Curulative
< 100 [Fathoms, lwater depths,
Area Fathoms, | %*a %
- sq.n.mi, 50%b 1 20%¢

SOUTHEAST ASIA

Gulf of Thailand 350,000 100 92 29

Gulf of Tonkin 158,000 100 77 34

Taivan Strait 167,000 100 73 26

Borneo 495,000 90 94 35
EAST ASIA

Yellow & East China Seas 232,000 100 36 41

Sea of Japan & Tartar Stait ; 75,700 85 64 26

Sea of Okhotsk 101,000 25 39 18
NORTHEAST ASIA

Bering Sea % 309,600 40 58 26

Bering Strait | 9,000 100 {00 40

Chukchi & East Siberian Sea | 162,000 ; 100 {100 26
NORTHYEST EUROPE 3

North Sea & adjacent area 190,800 82 60 28

Baltic Sea 176,400 99.9 70 46

* a Percentage of total area considered that is< 100 fathoms,
* b Percentage of area of £L100 fathoms that i1s<50 fathoms,
* ¢ Percentage of area of <100 fathoms that is< 20 fathoms.

Table 2,1, Distribution of Some Selected Shallow ilater Areas.
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This area is mud bottom with

many dangerous uncharted
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legions containing onc or nore bottom samples per 1° quadrangle,
generally adequate for chartineg bottom corposition for ASY purnoses.

Regions containing fewer than one bottom samle par 19 quadrangle,*
zenerally inadequate for charting botton composition for ASY purposaes.

lecent shallowy water bottom composition studies.

o224

};7, secant deenwater bottom comnosition studies: gernerally sufficient

wZA data for veliable charting of hottom composition for ASY purpdses, ale
thov;a sone regions have fever than one bottom samrle per 1° quadrangle.
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because average values of environmental data for ASY plan-
ning for which this data was developed and the environmental
data requirements for tactical ASY operations are nct at

all compatible, The reference to the limited data on Fig.
2,6 is directed to planning., Under tactical operations, the
accuracy of environmental data and the neced for fine-grid
surveys in the immediate operating area is much more impor- :
tant than for overall ASY planning where averages are satis- :
factory, :

The future potential of & shallow water bottomed~submarine
as an Advanced Sea Based Deterrence was considered in Project
Sea Bed which has developed an interesting areal comparison
for bottom=sitters, The Oceanography Sub-Panel Report (Ref,
2.3) presented possible bottom operational areas by 5° squares
for particular ocean area environments, The particular ine
crease in area is compared with increased operating depth
capabilities (Fig, 2.7). For all the depth areas showm, a
bottom operating capability of only 100 fathoms indicates the
largest percentage gain in operating areas for any bottomed=
submarine operating depths considered. Furthermore, it points
out how much area there is at 100 fathoms or less, relative
to going much deeper, on which to use bottom=sitters and indie
cates what greater depths are necessary to obtain comparable
areas. 1i.e., If there is to be a bottomed submarine or ASBD
enemy on the bottom, he has extensive areas in which to hide
at 100 fathoms nr less. And the capabilities for a bottom=~
hovering submarine far exceeds 100 fathoms today. Although
these areas considered were for particular ocean areas of
concern to Project Sea Bed in the ASBD Study, at the same
time the shallow water potential for hiding the submarine by
sitting on the bottom is indeed a problem for all ASH; and
these areas chosen by Ref. 2.3 are just as likely as any
other area to require shallow water ASY operations in the
future,

2,3 Environmental Factors. Environmental properties are
of importance in all of ASW; but those which take on added sige
nicance in shallow water ASY, and which in turn affect the
command and control of the ASY forces, are:

1, Gross bathymetry

2, Small and large scale bottom roughness
and bottom slope

3. Sound propagation characteristics

4. Background nolse

5. False targets (acoustic and magnetic)

6. Currents

7. Bottom material

8, Salinity
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Humber of 5° squares in selected ocean areas
vhose least depth is in the interval shovm,
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Each of these aspects of the physical environment directly
affect the application of underwater sound to sonar detection
systems and are manifested in acoustical absorption, scattering,
reverberation, reflection, and refraction, Theoretically, one
of the essential differences between shallow and deep water
sound transmission is the interference effects produced by
multiple reflected transmission paths, These interference ef-
fects are largely dependent on water depth, physical character=
jstics of the sea surface, and bottom and sound velocity struc-
ture,

Shallow water bottom compositicn {and its associated degree

) of roughness) control, to a large extent, the reflective cap~
abilities of the bottom, the attenuation of sound, and the de~
gree of reverberation that contributes to the masking of target
echoes, In contrast to deepwsea sediments, which are thought
to be mostly mud and ooze, the sediment types in shallow water
are diverse with considerable spatial variations. Areas of mud,
mud sand, sand, gravel, rock, or coral are not uncommon over
shelf regions,

All ASY information received via sonar systems is directly
degraded because of the envirconment. Any improvement in de=
tailed knowledge of the irmediate environment can improve prew-
dicted sonar range and sonar operation, including high frequency
torpedo systems which in turn vill improve the command and con-
trol of ASY forces, Detection range, track and localization,
weapon choice, launch, and fire control are all directly affected
by the environment, as also is classification of targets. This
is especially so for bottomed targets.,

Sound propagation is highly variable in shallow water, not
only from sea to sea or region to region, but also from day to
% day. Under all but a few circumstances, shallow water propaga=-
tion does not appexr to be as effective as propagation in the
decp sea, In some shallow seas (South China Sea, for example)
reglons of the bottom are littered with water logged trees,
rattan, and nipa. In others, coral heads and reefs, boulder
piles, and sedimentary hummocks contribute to the small scale
roughness, Other areas may be similar to the Gulf of Bothnia
(adjacent Sweden), for example, with regions piled with great
glacial boulders, Bottom hiding in shallow seas undoubtedly
could be very effective in this and other similar regions,

In many cases the accessibility to any ASYW craft (surface
or cubmerged) could be extremely limited, Areas such as the
Grecian Archipelago, Bligh tlater in the Fijl, the Australian
barrier reef; the Yindward Island Chain of Hawvaii, and the un=-
charted waters of the South China Sea, etc., are so complex
that they constitute a vast series of mazes. Whereas an ASBD
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vehicle or some other submarine~type launching cruise mis~
siles needs only a fow entries to hide, an ASY vehicle if

used to search and harrass must explore an impossible num~
ber of difficult and uncharted passes., (This has not re=

ceived attention in this study and is only mentioned here

as another of the many potential future shallow water ASY

problems, )

The environmental data contained in this section is
anything but new, It is data available from several sources
and is presented herce to develop some background for the
reader., Hopefully as the reader completes this report, he
vill be made aware of the effect ignorance of the environment
can have upon successful ASY operation, and particularly so
in shallowr vater,

This is not an environmental assessment study in the
broad sense of seeking explicit details for improving sonar
operations. However, ASY vehicle screen~spacing, relative
navigation and station=keeping, and accurate and effective
weapon decisions are all dependent upon sonar operations ,
in shallow water; and in shallow water these sonar operations i
are extremely susceptible to the variable acoustical environ= ;
ment,
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3. TACTICAL COMMAND AND CONTROL REQUIREMENTS

In this section some of the general tactical cormand
and control requirements usually stated for deep water ASY
are reiterated, along with possible variations of these re-
quircments when ASY forces are operating in shallow water,

The command and control requirment to improve ESR pre-
diction in shallow water ASY is one of the basic ASY needs
today, and is so expressed in this section as a fundamental
requirement, Section 3 makes very evident the real need for
command and control data processing on board ship to help
provide an improvement in predicting ESR, It further pre-
sents specific ASWFORPAC correspondence vwhich indicates the
need for improved ESR prediction and also briefly indicates
a few approaches for improving ESR prediction by developing
shipboard ESR prediction models with automatic data processing,
The second part of this section reviews the available sonar
equations and parameters vhich have a direct bearing on pre=
dicting the effective sonar range.

3.1 Extending ASY Tactical Commend and Control Require=-

ments, Certainly many of the ASY cormmand and control require-

ments in shallow water are similar to those in deep water, and
these have been recognized, BUT: detection ranges, weapon
ranges, standoff~weapons, convoy protection, screening tace
tics, and classification requirements are not identical, De-
tection ranges arec less, and especially so with steep negative
velocity gradients, refracting much of the acoustic sonar energy
to the bottom, Advantages of weapon ranges possible with ASROC
and SUBROC are difficult to achieve in shallow water since the
assoclated detection range and weapon range are limited, Active
torpedoes are easily bottom or surface captured, and spurious
bounddry trips interfere with torpedo performance, depending
upon refraction conditions, sea state, and depth.

Convoy and other forces under ASY protection have little
opportunity to alter course for submarine evasion since in
general vhen in shallow water, approach to the terminal point
is near in both distance and time, and altering navigation
and course plans could produce severe penalties, Therefore,
in shallow water the target must be attacked and killed, not
evaded, Furthermore, general shallow water operations are not
a one=time=thirough~the-area procedure; forces other than
those of the OTC will be coming in to land or to use the
same port facilities, and the submarine threat must be nullie~
fied,
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Screening tactics must account for the limited sonar
detection ranges. Sortie and entry screen/search phase
prior to entry or departure of the main body are peculiar
to shallow water operations only, Classification in ghale
lov water nas no leeway. The target must be classified and
destroyed (if a submarine) in shallow water. i.e., The
contact cannot be avoided, as other forces will probably be
transitting the same area; and the classification must be
made soon unless unlimited ordnance is available to kill
all suspects,

Classification of false targets from bottom returns
and wrecks can cause more severe problems, especially so
with new, potentially long~range SQS-206 sonar systems,
The relative accuracy of navigation systems to provide con-
fidence that the target detected is a knowm false target
at that point may be found wanting,

Last but not least in a real shooting war, when an
underwater explosion occurs in shallow water, the question,
“ilas it a mine or a torpedo?" must be answered, and quickly,
In deep water this problem is not so much in evidence since
mines are generally not so probable as in shallow water
and inshore areas.

The one distinct command and control requirement that
has not been recognized is the need for predicting ESR, It
is not apparent that command and control technology is aware
of the need to improve the capability of the responsible
commander to perform the function of designating screen
spacing and other ASY functions that are directly related
to ESR prediction. It appears that maybe Tactical Command
and Control Requirements/Technology have decemed it not im=
portant, ignored it, or have accidentally overlooked it
from the interpretation of current tactical command and
control requirements for ASY Ship Command and Control System,
as designated in TDP-SS31-01, 1 April 1965, ¥ASY Ship Com~
mand and Control System.® The following is quoted directly
from the above TDP:

Page 4.4, Operational Requirements: "e-==To counter
this threatr, the Navy will continue to make use of the ASY
team apgroach (surface ships, aircraft, and submarines) to
detect,; localize, classify, and kill, The specific re=
quirecment is for effective command ani control of tactical
ASY teams and delivery of weapons against Soviet nuclear®
submarines,

*The nuclear submarine is not considered the primary enemy

submarine in shallow water ASYW. The word "nuclear® may be

the key word here and could be a prime reason why Tactical

Command and Control has not addressed the shallow water ASH
problem in concert with the deep water ASW requirements,
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“The need under this requirement is, in brief, to de-
velop an ASY ship command and control system that is capabie
of collecting, processing, evaluating, and exchanging data
rapidly and accurately for effective delivery of weapons,®

Collect===process=-=~evaluatee=~and exchange, yes. These
are all shallow vater requirements, But it is not evident
from the above or elsewhere that the aforementioned TDP in-
dicates, or even suggests, the possible need for cormand and
control facilities to assist in the prediction of the ESR
to improve the command and control of ASY forces in either
deep or shallow water,

It would appear that the ESR predicticn methods and im=
provements in use in the Fleet today have received minimal
if any attention in the development of Command and Control
Requirements for deep~uater ASY operations, and none for
shallow water or inshore operations.

The ASY surface forces are currently limited tc NAVSHIPS
900,124, %danual for Estimating Echo Range," March 1959, and
a more recent acocustic ray path plotting method which applies
tables and plastic overlays to trace out the limiting rays
(The KEY WEST TEST & DEVELOPI{ENT DETACHMENT Ray Path Method),
From Fleet reports, neither method is satisfactory; both
give only gross predictions; neither is automated; and

NEITHER WAS EVER INTENDED TO PREDICT SHALLO] *JATER ESR.

The problems in shallow water ESR prediction vhen refer=
red to in~layer targets may be somewhat similar to those in
deep water in that both are sensitive to environments! vari=-
ations affecting in-~layer propagation and detection. However,
shallov vater environmental variations of temperature (pare
ticularly negative gradients), bottom losses, and salinity
in both space and time which affect sonar conditions are
much more noticeable. There are no current shipboard manuals,
charts, or techniques available to the Fleet today developed
for shallow water ESR prediction.

3,2 The Need for Improved ESR Prediction, One of the
fundamental parameters in ASY operati unal doctrine for sure
face ship spacing in screening, search, and attack is the
Effectiveé Sonar Range (ESR) which determines ASY screen
spacing, pouncer positions, picket positions, and search
and attack procedures carried out by Search and Attack Units
(SAY). This is readily recognize: in reading Section One,
“Tactical Command of ASW Forces," and is in general an ace
cepted tenent of ASY operational procedures, It is the re~
sponsibility of the QTC or the Screen Commander to station
the ASY screen, and, from a thorough understanding of the
ESR in the immediate area and time, to determine the hasic
screen geometry.
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The resulting decisions for a particular screen or
search tactics are, of course, constrained by the mission,
the number of screening ships available, and the expected
enemy suonarine, weapon, and forces; however, the OTIC or
screen commander has no control over these, so he utilizes
the ships made available and relies upon his received AS"
intelligence data, But he alone is directly responsible for
the ESR predictiong which he determines and which should be
made on all of the information available, i,e., the different
sonar systems aboard each assigned screen member and its state
of readiness, and the enviromment in the immediate operating
area,

At present there are ro shipboard devices, curves,
charts, tables, or even qualitative cstimates purposefully
designed for shallow water sonar range prediction applicable
for hull-mounted sonars operating in surface screens in
pouncer or picket positions.

ESR prediction is dependent almost completely upon the
sonar parameters and sonar equations in one form or another,
Sonar parameters are all statistical parameters, some with
much larger standard deviation than others. All are instru=-
mental in affecting the predicteu sonar detection rangej; and
likewise, most all are affected directly or indirectly by
the ocean environment.

From the discussions and relatively simple mathematical
approach given in Section 3.3, it would appear straightfor-
ward to predict the expected performance of present and
future designed sonar systems in Fleet operations. However,
unless the definition of performance prediction is assessed
from a qualitative rather than in a quantitative perspective,
the prediction of hull sonar system performance (except under
special circumstances) still needs considerable improvement
between what is experienced in Fleet operations and exercises
and what is predicted with current ESR prediction schemes
aboard ship. From the following cvidence extracted from
Fleet correspondence, only predicted detection ranges for in-
layer targets with cuirent detection range prediction technie
ques are considered acceptable by the Fleet, and then only
for average sea states, deep water, and with good, frequent
temperature measurements for estimating refraction effects
and channel definition (layer depth). The standard pre=
diction techniques applied are based on the scnar equations
and parameters presented in the following sections. The
propagation losses (Ny) are usually computed using AMOS data
(Ref, 3,1) or prediction techniques predicted on AMOS data,
and then the results are for noise-limited conditions only,
NAVSHIPS 900,196 (Manual for Estimating Echo Range) is an
example of what is available in the Fleet today which applies
directly to predicting range for in-layer targets; however
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these tables and this technique leave much to be desired,
and especlally so for belowelayer targets.

An indication of the need to improve ESR prediction
can be recognized in the following extracts from ASY
Fleet reports and letters, From First Fleet ASY Board
Meeting No. Seven, FG3/ASY GRU 3/442, 5050, Ser. 0198,
August 1964:

Agenda Item 8 states:

WA requirement exists for a better means of predicting
sonar performance,“ Methods considered by the committeec in=
dicated that ray path plotting techniques provide more ace
curate sonar performance predictions (relative to NAVSHIPS
900,196), ==-"Since a variety of methods for ray path plotting
exist, the conmittee recommended assigning the Vleet ASY
School in San Diego the task of examining and determining for
Commander First Fleet the best method of ray path plotting
to be adopted by the Fleet," *

E And: From Seventh Fleet ASY Board Meeting No, 10,
10 November 1964:

Under Item 19: post ASY Units do not have an accurate
means of determining expected sonar ranges for either hulle
mounted or VS, The Board concurred with the First Fleet
Board that a need exists to determine the best method to ap~
ply ray plotting techniques to the operational conditions
and that the Fleet ASY School in San Diego is the best equipped
to research and evaluate existing methods for Fleet use,¥

Also: In ASW GROUP CHARLIE Report of Progress,

2 September 1963 ~ 1 November 1964, on p. 22 (C) under “Best
Depth Range Determination, (meuning the best ESR prediction
for a submarine below the layer at the best depth to avoid
detection) COMCRUDES Flotilla Two discusses a ray tracing
procedure for determining best range depth (the best depth
for a submarine below a layer to avoid detection) because,
as it stated there, NAVSHIPS 900,196 was considered too ve=
strictive for determining the ESR for below layer target..

* The current efforts at the Fleet ASY School in San Diego
are directed toward developing Tactical Range Predicticn
(ESR) and are discussed 'n Section 3,51, ESR is used ine
terchangeably here with Tactical Range Prediction.
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One of these restrictions in NAVSHIPS 900,196 is that

the method predicts a maximum range of (n) yards for any
particular sonar system rcgardless of layer depth (20 to

400 ft.), “CWICRUDES Flotiiia Two is utilizing a new pro-
cedure for determining the best depth range because NAVSHIPS
900,196 is considered too restrictive, The NAVSHIPS 900,196
method predicts a maximum range of 1800 yards regardless

of layer depth.” The axperience of ASY GROUP CHARLIE has
shown that, dependent on layer depth and gradient conditions,
best depth ranges greater than 1800 yards can be realized,
and operations at sea under all sonar conditions to_deter-
mine the best depth range is more realistic than the NAVSHIPS
method., The procedure employs s table depicting the distance
from transducer to bounce point in kyds., The table was de=
veloped by NavOceanographic Office for THE KEY WEST TEST

and EVALUATION DETACHIMENT, Ray Path Methed. (A method using
plastic overlays for ray tracing).

Alsos From ASWFORPAC TACNOTE 4«65 (in preparation)
comes:

YNAVSHIPS 900,196 is pessimistic under low sea states,
is optimistic under high sea states, and is good between sea
states 2 and 3,% (The reference here is to inelayer targets,)

The requirement for tactical range prediction (ESR)
affirmed 1n these quotations is in the context of relative=
ly deep water where the environment is auch more stable
and where much, if not most, of the available art and knove
ledge of present sonar operations has been acquired, (This
study is not aware of any shipboard sonars under development
for shallow water.) As is well recognized, deep water is
vhere the main submarine threat (SLBM) is believed to exist
and vhere much of our R&D effort has gone, However, whether
or nct many of the deep water ASW developments are applicable
in shallow water ASY will require much more experience than
is evident to date.

3.21 pPossible Solution to ESR Prediction in
Shallow YWater, Depending upon different conceptual require-
ments for prediction range and accuracles, there are available
today possible solutions to improve ESR prediction in shallow
watet, These methods may require much more real time environ=
mental data than is now being collected by the ASW forces in
tactical exercises, They may require automation that is not
deemed necessary nor developed today; they may require that
sonar parameters (propagation loss, noise level, reverberation
level) be measured in situ and used in real time with accept=
able prediction models; and furthermore, they may require a
better understanding of the overall acoustic field {n shallow
water. 1i.e., To improve or develop useful ESR prediction
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’ techniques and methods for rleet operations in shallow
tater may require more fundamental knowledge about the ef= '
fects environment has on sonar parameters, particularly 3
propagation loss and reverberation, if we expect to predict
long ranges under adverse conditions, 3Butee=-models are
available to make a feasibllity assessment today and tech-
niques are available to make the necessary measurenments
to determine bare minimum requirements for developing an
acceptable shallow water tactical range prediction system,

The bare minimum might be to measure the reverbera-

tion level and propagation loss continually during any

) exercise., With these two parameters, the area to search
vhere the most probable success would occur could possibly
be developed. 1i.e., If the echo to reverberation level
has a maximum at some range (r), then by measuring these
two parameters, the most likely range to detect a submarine
could be estimated, If so, this surely is an assist. Also,
vhen knowing the sonar system is reverberation limited (by
rleasuring reverberation level along with noise level) the x
decision to increase speed or search rate until self-nolse
and reverberation level were comparable would at least ime
prove the effective area searched in patrol screens,

Shallow water detection range prediction techniques
are availablej but most, if not all, models are mathemati-
cally complicated and require computing equipment, soner
parameter data, and technical skills that normally are not
available nor scheduled for the immediate future oneboard
ship. These models have not received the same acceptance
or us2ze in sonar system studies as the techniques that
apply to deep water have, nor is any direct effort to develop
or utilize them in fulfilling the present requirement for
estimating ESR's in shallowy water in evidence, Surface duct
ESR predictions which apply equally well in deep and in
some shallow water envirommental areas are probably the best
and only meaningful comparison vhere attention to ESR pre=
diction for the Fleet in deep water is directly applicable
to shallow water,

Below=layer targets, more difficult to detect in
deep water, could be easier to detect in shallow water
where sound energy scattered and bounced from the bottom
can possibly insonify the woulds=be hiding areas in deep
water, Targets so insonified c¢an in turn re-radiate back
to the receiver via the several potential propagatizn paths
aveilable,
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3.3 The Necessary Sonar Equations and Parameters

in Predicting ESR. The necessary detail to present or elimin-
ate vwhen providing background in a particular subject that
is well understood by many and yet not understood at all by
some has 1o exact solution, The eight parts of “Summary of
Underwater Acoustic Data (SAD)% published by OMR, 1953
through 1956, contains in cxcess of 400 pages of single-
spaced, highly technical data, curves, and charts which in
itself represents an attempt to reduce the voluminous liter-
ature on underwater acoustics to a minimum for a compre=-
hensive review of the overall field. To do more than point
to the basic sonar parameters and how these parameters are
estimated, guessed at or deduced, and applied in shallow

N water AS'I operations as done in this section would require
another level of ceffort and would not add measurably to the
understanding of ASY Command and Control Requirements.*

The application of sonar systems in ASY operations are
described by the sonar equations. The sonar equations de=~
scribe the passive systems (those that listen only to the ine
coming noise from a self-generating noise source or target)
and the active systems (those which depend upon a generated
out=going signal to insonify the target and listen for the
signal return, or echo). Some systems are designed to
operate in either mode,*¥*

For the convenience of being able to add or subtract
variables in the sonar equations, rather than multiply or
divide, those variables describing sonar equations are usually

written in terms of a dimensionless logrithmic unit to the
base 10,

3.31 The Pasgive Sonar System may be described

as follows:

(1)

which states the following:
Signal Level Received = Noise Level of Target = One=way

Transmission Loss.,

* There are several tutorial references; among these are:
Horton, “Fundamentals of Sonar” (U.S. Naval Institute); Officer,
“Introduction to the Theory of Sound Transmission® (McGrawe=
Hill); Albers, "Underwater Acoustics Handbook™ (Pennsylvania
State University); the classified SAD reports mentloned above;
and the "Journals of Underwater Acoustic Data®™ (ONR, Code 468),

%% The SQS~26 operates in the passive mode at &'l times and
also contains passive signal processing and data display, (Ref.3.2).
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If the signal received is masked by the ambient noise,
some signal improvement is obtained by designing the system
to listen in preferred directions. This is done by de=-
signing the transducar to discriminate against incoming
noise in all directions except over a narrow beam in the
particular desired direction; this is the Directivity
Index (M _.). Also by signal processing,* the relative
amplitude, phase, and direction of the received signal

may be improved., The transducer voltage is processed like
any other voltage signal and is referred to as a system or
processing gain (G), ‘hen these two methods of signal en-
hancement are included, the original equation becomes!

Lp = Ly = Lg = Ny + Ny + G = Ly (2)

P
L is the level of the incoming passive signal. The dif~
ference between the received signal and the noise level is
expressed as the signal to the noise ratio, The magnitude
of (LP « I..) "in 4db is the signal to noise ratio, Here
the decibel notation (LP - LN) is used instead of the linear

ratio S/N,

In general the value of (L, - L ), which will permit
the detection for a particular receivyng equipment display
and sonar operator 50% of the time, is used as a starting
point to discuss the operation of the sonar system; and
any increase in the (L, - L) over the designated value
will be termed ¥signal excess”. The passive signal re=~
ceived (L,) is over a designated bandwidth of the target
submarine spectrum; and when numerical computations are
the point in question, and L (both functions of fre~
quency and measured in pressureyunit bandwidth) are as=
sessed in the same bandwidth. That is to say, "Just where
is the system listening in the submarine target spectrum,
ard what is the level of the unwanted noise over the same
frequency range?"

3.32 The Active Sonar Systcm necessitates a
more detailed description than the passive system, This
1s due to the effects of introducing an active source to
generate the acoustical signal which is returned to the
receiver as an ech, from the submarine target, It there=
fore becomes necessary to add to the description of the
sonar system the source strength, its frequency and ampli-
tude, the two=way propagation loss out to the target and
back rather than the one~way loss used for the passive
system, the target strength of the reflecting submarine,

* The SQS=26 is a hull-mounted system that usges signal
processing (Ref, 3.2).
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and an increase in unvanted noise generated with the
active sound source, referred to as reverberation. The
negative effects of reverberation in shallow water sub-
stantially degrade the sonar system; as such, they are

so significant in limiting ASY sonar operations that they
are discussed separately in Sections 3,324 and 3,325,

3.321 Noise lLimited Case. The active
sonar system for the noise limited case is described by
the following sonar equation:

L, - LN =Lg, = 2Ny + Ny + G+ Ny = L (3)
wheres
L «L = FEcho Level ~ MNoise Level
e M
Le = Echo Level (db re: 1jibar)

LSa = Active Source Amplitude (average ping
level, db re: 1pbar, 1 yd from the
source)¥*

M, = One~way Propagation Loss, 4b (includes

spreading losses, absorption loss as a
function of frequency, and bottom and
surface losses as a function of fro=
quency and angle of incidence (angle bew
tveen the generalized sound propagation
direction assumed and the surfacec or
bottom),

NDI = Directivity Index, db (measurc of the
transducer effectiveness to discriminate
against non~directional noise and to trans-
mit and receive in a particular narrow beem)

G = System Signal Processing Gain, db,

NTS = Target strength, db, a ratio of the sound
intensity reflected from the submarine to
the incident sound intensity ~ (measured
at relative large distance from the sube-
marine), The ratio is greater than 1 for
a submarine and is usually measurcd be-
tween 10 and 25 db, dependent upon the
targer aspect angle,

CONFIDENTIAL

* If there is a nezd to interpret underwater acoustic pressures
referred to 0,0002 dyne/cmz, which is the standard referenca

pressure level used in air, it is only necessary to increase
the db level referred to Lmbar by the ratio of 20 log 10%%, or

74 db, This reference level was used recently in 2
Ref, 3.3,
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= Noise Level around the hydrophone re-
ceiver. It inciudes sea state noise,
biological noise, machinery noise,
electrical noise, and self-noise due
to platform speed, Self-noise is usually
the dominatirg noise background above
15 kts. {in db re: 1pbar/unit bandwidth)

N

L, - Noise Level from Reverberation, which is

the energy scattered back from the sea
surface, sea bottom and scatters such as

air bubbles, debris, and biological

scatters throughout the volume (in db re: .
1 Mbar/unit bandwidth).

Importent differences should be noted between the active
and the passive systems, Active systems must contend not only
with the ambient and self-noise, but also with reverberations.
The echo can be returned from many different scattering ob-
jects, For active systoms, the information to differentiate
between different type echoes and classify targets must come
from pulse information while passive systems can and do
analyze the target signature spectrum. The spectrum infore
mation for classification is relatively limited in the active
mode, compared to the continuous broader passive signal spectrum,

3.322 Figure of Merit, Although it is dangerous
to zoneralize, the varicbles in the sonar equations can be
grouped together, hopefully to improve the overall under=~
standing of sonar operations and effectiveness in submarine
detection, The effectiveness is defined as the sonar Figure
of Mevit (FOM), For the active systems, it is a measure of
the total reduction in original transmitted signal (pulse
amplitude) out to the target and back that can just be de=
tected on its return (i.e., the Source lLevel minus the lini=
mum Detectable Level, MDL, in db = FOM,)

The ¥Minimum Detectable Level that can be detected is
defined as the signal that, on the average, can just be de=
tected 507% of the time and will be missed 50% of the time
for any one single, statistically independent ping and for
some average operator. This is defined as the single ping
probability and assumes the operator has no a priorl target
information, Its primary purpose is a ‘bench mark¥. It is
dependent upen the equipment (aural and video displays), the
type of operator, his experience, alertness, etc.,, and is itw
self a quantity dependent not only on equipment but also
upon personnel, and ob-iousl; is a statistical variable,
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However, under actual experienced conditions it hardly
appears plausible for the information returned in each
plng to be statistically independent of each preceding
ping (which is cke usual assumption when used as above)
vhen in the vicinity of a submarine or when detection is
about to occur, This is difficult to evaluate and there~
fore the definition used herce is usually applied,

Related to detection probability is the false alarm
rate, recognition differential, and threshold setting.
Often only the recognition differzntial is in evidence
when detection probabilities are provided or estimated
and the other two parameters are left dangling ioosely
from the definition, Obviously if one overlooks the many
possible false alarms, and :f the integration time or look
time used to observe the signal is indefinite, there may
be no limit of how low tue threshold may be set for the
definition of detection. And by the same reasoning, if
the threshoid is set very high, there may be no false
alarms yet very few detections (Ref, 3.4),

For the noise limited case, use will be made of the
follouing:

Le o LN = NRD = Recognition Differential (&)
It states the required value of the echo level relative

to the noise level for detection., It is a db level, so
defined, that must be equalled or exceeded for detection.
The Reccgnition Differential also is dependent upon means
of detecting the signal: video display, aural recognition,
doppler gates, and certainly training not unlike a radiu
operator's conditioning for morse code (which at times has
been referred to as “awareness%).* Furthermore, it should
be recognized that the Recognition Differential for noisee
limited detection as explained here and Recognition Dif=
ferential for reverberation~limited conditions are not
necessarily the same,

The Figure of Herit (FOi) as applied above establishes
a positive measure of the sonar system, It does so in the
folloving way:
FOl = Source Level + Directivity Index + Gain
- Noise Level, (5)
The Source Level, Directivity index, and Gain are all

controlled by the system design while the noise may he am=
bient noise from the sea, biologicel noise exa wave noise,

% LCDR. Doncnldson, RCN, Fleet ASH School, San Diego,
California.
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hydrodynamic flow noise which increases with forward
speed, Or nolse unich is plainly reverberation noise
vhich can and does cireate such severe recognition prob=-
lems that it is treated independently, In the first

case FOM is well controlled if not completely “locked up®
by sonar design. In the second case the sea noise and
piological noise are independent of design. Sometimes
the FOi1 is used to describe everything in the sonar equa=-
tion but the propagation loss (Nq) (Ref. 3.5), e.g.°

Eﬁl=£Nn=LS+NDI+G+N (5a)

s = My
The FOi in (5a) is the same as in (5) except that (5a) %n-
cludes the target strength (NTS).

3,323 Signal Excess, At other times, under
experimental and operational conditions when it is possible
to inject a simulated echo signal into the system (Ref. 3.6),
the FOlM is included when the following form of the sonar

equation is used:

S
= ! - 7N 6
Ne FUM-{-NTS 2N (6)

1)

Signal Excess = Figure of Merit + Target Strength
-~ Twice the Propagation lLoss,

W%hen this is compared with the sonar equation in (3}, note
the following:

TOM

]

the FOM as defined in (5)
S
Lé - LN = Ne
e = Signal Excess for ncise limited conditions

La + N + 3 LN = FOM and

S i3] 3
] w
kTS ANW are the same as in (3),
In equation (6) when:

e = 0, L (the echo level) will be detected 50%

of the time, and thé single ping detection probability is
defined as 0.5. Then it becomes evident that when the signal
gxcess Is defined as zero:
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i = - = 0
e LN NRD

And when the Nse exceeds zero:
(%RD + LN>::> 0 or

We = Le - NRD - LN s is a measure of the excess
echo signal level when the resulting echo level exceeds the
threshold stated for 0.5 detection probability. It is this
signal excess (NSe) that is manipulated for estimating the
detection nrobability with range in most ESR prediction methods
after 50% detection probability range has been defined,

It is interesting to note that when the sonar equation
is separated as in (6) above, it groups into the f»llowing
gross characteristics, On the left~hand side with the echo
level, the recognition differential appears which includes
the human operator effects in detection; and on the righte-
hand side, all hardware terms appear in the FO along with
noise background, And the other quantities on the right-
hand side, the target strength (N..) and thL:2 environment
(the 2=way propagation loss 2Ny;) are both independent of
sonar design, sonar operators, and ASY operations,

3.324 Reverberation Limited Case. then the
sonar system is reverberation~limited, i.,e., when the un-
vanted noise due to reverberation exceeds the other background
noises describad in the noise-iimited case, the actual sonar
equations (3) through (6) are not complete in their general
description, For reverberation-limited conditions, changes
in the general description are required for completeness.,
The returning echo must be detected in a reverberation backe
ground; the Recoznition Differential may be different) and
since reverberation is directive, the Directivity Index
(MM,,) for discriminating against a noise background may in
general not be the same as the Directivity Index for reverw
beration,

The following describes the general sonar operations
vhen they are reverberation-limited:

L, = Ly = Lo = 2N = Ly M)
vhere!

LR = Reverberation Level

Le = [Echo Level in reverberation background
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ip is somevhat involved, and as such requires even

i more detail, It is the Reverberation Level. It is the back=

E scattered sound from the surface, bottom, and volume scat=
terers vhich return to the sonar receiver via several paths !

with enough amplitude to compete with the target echo, The

Reverberation Strength is analogous to tiie Target Strength,

and the original source amplitude is the sole source of the

reverberation level and is the same source as that for the

echo, namely Lg,. The reverberation level, Lp, is also re=

duced like the echo level by the propagation loss from the

source to the area doing the scattering back to the receiver,

3.325 Reverberation Level. Considering only
boundry reverberation for now, and in particuiar, bottom re~

verberation:
L = L = 2N + 10 log (SA (8a
RB s 4 g (SA) (8a)
L = L = 2N +10 log (prSAL) {8b)
RB S {1 2

vhere:

A = Area which backescatters the sound = ﬂrggki

and
S = scattering strength/unit area

10 1log MB bottom scattering coefficient

# = average beam width of the sonar transducer
c = velocity of sound

St _ effective pulse length making up the scate
2 tering area,*

The sound contributing to the reverberation level is
assumed to be returned from the area A with scattering
strength Sy . This is shown on Fig, 3,1, vhich describes
the scattering area, Comparing equations (8a) and (8b),
note 10 log Mp. 10 log My (the bottom scattering coeffi~-
cient) is defined as follows (Ref. 3.7):

10 log MB = Sy + 10 log 21T,
S, here is the scattering strength, It is the parw

aneter ésually reported in experimental data in the litera=
ture, and is reported in (db/yd2) db per square yard of

* Ref, 3.5, p.333,
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scattering area, 1t is a function of the average incident
angle the acoustic energy makes with the bottom. llost ex~
perimentai results show much more sensitivity in the measured
values of S with angle at relatively smill angles in come
parison to large angles of incidence. (Refs, 3.8 and 3.9).

The scattering coefficient and scattering strength are
described as follows:

scattered sound intensity at any angle over a hemisgphere
incident sound intensity over an area, A s

Pgam

I emm antvom

P_AS
IIS

It is the ratio of the sound flux falling on a unit area to
the sound flux scattered back over 27rsteradiens,

The difference between the echo level (I ) returned from
the target and the reverberation level (L,) dué to bottom
scattering (echo returned from the bottom) is written as
follovs:

LoLog = L2l =L = ['\sTs] * Eo log M + 10 log 6 + 10 log r

cAt
+ 10 log 2 9)
COt

{}0 log M, + 10 log f + 10 log 9 +10 log T | is the ap=

parent reverberation target strength at range r coming fronm
the area, @r —_72 » with scattering coefficient 10 log Mg,
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As evident in (9), the reverberation level is competing
with the target strength, NTS‘ ‘

To discriminate against reverberation in equation (9),
the directivity index for the surface reverberation should be
included, This would aid in decreasing the reverberaticn level
and increasing the ratio of Le = L__ needed for detection, It
is usually written as Jg, the bounggry reverberation directi iy
index, and is assumed equally effective for either bottom oy
surface reverberation, The general logrithmic expressions
and their development for directivity indices for ordinary

LY geometrical radiators (pistons in infinite baffles, lines, and

) point source) for both noise and reverberation (volume and
boundry, surface or bottom) are given in Ref, 3,7 for very
general transducer dimensions.*

Scattering coefficients vary with angle of incidence,
measured between the sound beam and the bottom. One simple,
interesting, and often used approach in characterizing bottom
reverberation in shaliow water is the following:

N R T Ve

Experimpontal scattering strengths have been observed
to depend upon the scattering angle g (see Fig. 3.1) vhere
the scattering is assumed to follow a sine law as follows:

S=K sinn(.; SB = 10 log K + n 10 log sing 0&n<2
This assumption seems to be quite generally followed
from which an estimate is made of the value of n (usually
between 1 and 2) required to agree or support the reported

* For fixed transducer dimensions, the directivity index

is proportional to frequency squared for noise limited cone
ditions when discrimination against noise in both vettical
and horizontal directions is effective; i.e., Directivity
Index ~s 10 log AfZ and the echo-to-noise level should ine-
crease 6 db/octave., Discrimination against zurface or
bottom reverberation is pearer 3 db/octave (Ref. 3.10), in=
dicating the vertical directivity apparently does not in-
prove echo detection for reverberation-limited conditions
in shallow water.
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A= Q)rg-él:- cos@::.’(brg_'—}.‘;
2 2
- b For smallé&

rv1l sin@utan&

when
D < 200 ydss L = 600 yds,

tan@f% = sin @= 3165 5% error

and
e <187

Fig. 3.1. Reverberation Area Diagram,
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experimental worlk,” along with the comparatle value as~
signed for 10 log K,

vhen n = 2, tli2 above is equivalent to Lambert®s Law
of Scattering, This is vhen the minimum of reverberation
interference attains, and accordingly is satisfied by, very
smooth bottoms, ‘hen n = 0, the sound impinging on the bot~
tonm is scattered equally well in all directions (i,e., the
bottom is literally rough), Intermediate scattering is
vhen n = 1,

3.326 Example of Shaliow Yater Bottom
Reverberation. Reproducing equation (9)

)
C
L) = L. ] 1 -0(1 1i - - -

L =Ly Nog 10 icg iy 10 1og = 10 log 7 = 10 logat

- 10 log r 9

|
|

vhere |

- 10 log MB = Sg + 10 log 21t = Sg * 8 db

s, = =27 db - 10 log sin? g ¥ (10)
% Ref. 3.7, p. 10 and Ref., 3,3, p, 28 and 29, Also
Mackenzie (in the Journal of the Acoustical Society of
America, Vol, 34, Jan, 1962, p. 65) has given:

Reverberation Strength RS = 10 logA(k + 10 log A
+ 10 log (sin ¢e sin ®_) vhere:

; 8 10 logpy, = =30 db, assuming n = 2
10 logﬁAk = =40 db, assuming n = 1
o = an effective angle of incidence, and
©, = an ¢ffective angle from which all the re-

verberation is considered to come. Both are a function of an
integration vhich determines an average value of sin® g e as
above, This integrated value is weighted by the suriace

directivity factor and bottom reflection coefficient,
A = Area as given in (8a)

¥* These values for angles of incidence 20?2 and less vary
betueen about «35 db and =15 db (Ref. 3.8, p.29), depending
upon bottom material, =27 db is very optimistic and about
the minimum given at 90° (Fig. 4, 1bid). For rough scat=
tering, this value is reported as high as =5 to 0 db at 90°,
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Fig. 3.2. Geometry of The Shallow Water Exzmple,

B EALAICK S 14

~. Surface
N *, ’

r = 600 yds.
D< 200 yds.
o< 18°

D

singZ_tan@ = T

. from (10)
.D‘z
S, = =27 db = 10 log (r)
;] .

SB = =27 db = 20 log D + 20 log r (11)

Using the numbers below for an exampie:

D = 200 yds 100 yds. 50 yds.,
20 log D = 46 ab 40 db 34 db
¢ = g° = ave, beam width assumed for SQS=23
C = 1650 yds/sec
c >(12)
5 = 825 yds/sec 10 log 825 = 29,2 db
At = "1"(')1"5'6 sec 10 logpt = «30 db

Substituting (10), (i1), and (12) into (9):

= 25,7 db + 10 log —L— D = 200 yds, (13ay*

Le = I = Npg 1000
- = - r = 3.
Lo = Ly = Bpg = 19.7 ab + 10 log —E— D = 100 yds.  (13b)*
- = - r - by
Ly = Iy = Npg = 13.7 db + 10 log = D = 50 yds.  (13e)*

* £t = 1 msec,
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As D gets smaller“(the water becomes more shallow) the original
angle, sin ©= %», iszgetting smaller and the reverberation
level depenaent on sin“ &, is getting smaller.

Note the Directivity Index has not been included in
equations (13a), (13b), or (13c)., This normally would re=
duce the reverberation background.

In this example assume the receiver Directivity Index
of about 25 db for noise (equivalent to the SQS~23, Ref, 3,11)*
is equivalent to the Reverberation Index, and a 30 millisecond
Y pulse** instecad of the one millisecond pulse is assumed; then
for the case of D = 200 vds in (13a) we now have the following:

L »Lp,=N.,=.7=101og 30 + 10 1o I = N
e TS 8 & To00

R IS

« 15,5 + 10 log r(ky)

With an average target strength of about 15,5 db, the echo to
reverberation level (Le - LR) is positive and increasing, with
r increasing beyond 1 kyd. The recognition differential, howme
every, will requirc at least that L, = L, be in excess of 21 db
(Ref, 3,11)** for detection 50% of the time, which is almost
hopeless; i.e,, if the description here is correct, then the
only hope of improving it would be to increase tne range r

til 10 L 1 000 .
until log 1600~ yas e 2lor r 125, yds

For a depth of 50 yds. (D = 50 yds) in (13¢), the mini=-
mum example and a directivity index of 25 db and target
4 strength of 15 db:

L «-L = +11,2 db
e R
This is certalinly an improvement, but it will not exceed the
recognition differential oi 21 db assumcd necessary for de-
tection, However, again if this is a good description of the
detection problem in shallow water, then out at about 10,000
yds the detection probability would be about 0,5,

7hat has been described here as an example is the Re=
verberation Problem in a very simple form, It is obvious how
dependent these numerical manipulations are upon the value of
n in 10 log My + S, + 8 db vhere Sy = =27 db = 10 log sin" g,
and vhere the value of n = 2 and a scattering coefficient of
=27 db for S were chosen, This is neothing more or less than
saying the results are very dependent upon the type of
* Ref, 3.11, p, 16=~17,
*¥See Appendix B ~ Table B.2.
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scattering (vhat the bottom is like) and the bottom slope
and range vhich are S, and ® reenectively, Furthermore,
complications not included in this descriptive example
are: the active source being near the surface, a finite
bean width wvith side lobes, the reverberation generated by
scattering from the sea surface back to the receiver, the
fact that the transducer may not be tiltable or that the
submarine may not be on the bottom, and last but not least,
refraction of the sound with varying velocity gradients
vhich increases the angle of incidence,®* Each of the
above complications is another aspect of the problem that
requires detailed attention in any model which predicts de-
tection under these various conditions; hovever, the simple
» description given here is in general still useful for our
‘ purposes, which are to discuss possible tactical range
prediction mydels for future shipb’ ird use applied to pre-
dicting ESR.

3.4 shaliow ater Propagation iiodels. Existing
shallow water sound propagation models can be divided into

tvio broad categories, theoretical and empirical, The em=
pirical models are based primarily on data gathered in sound
transmission experiments, and if necessary, experimental
reverberation data, In general, an attempt is made to fit
a reasonable and simple descriptive expression to the data.
The COLOSSUS 1I propagation loss equations (Refs, 3.15
and 3,16) and the work by K. V, Mackenzie (Ref, 3.17) are
the standard examples of this approach. The theorctical
models, on the other hand; are based on inferred mathema=
tical and physical arguments in which acoustic behavior is
derived from the assumed characteristics of the wmedium,
Normal mode theory is representative of this type of approach
One of the earliest applications of normal mode theory was
used by C, L., Pekeirs (Ref, 3,18), The most recent is
; probably the work reported by Pedersen, Bucker, Morris, and
Gordon of MEL (Refs.3.19 and 3,20),

Ay Sttt ——

* To add further confusion to reverberation levels expected
at low frequencies, work by both NEL (700~1200 cps), Ref,
3.12, and USL (20~3000 cps), Ref. 3.13, indicates that the
echo level to reverberation level for some cases in shallow
vater is nearly constant with range and provides experi=
mental data to support this ciaim, However, the apparent
coupling betueen surface and bottom at frequencies around
1000 cycles, as reported in both refercnces, may play a
larger part in this phonomentn. The same may not be true
for higher frequencies. Certainly some studies have indi=
cated 1000 cycles is a very good, if not the best, operating
frequency for both minimum propagation losses and echo
level to reverberation level ratios in shallow water (Ref.
3.14),
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In general, the empirical approach has been the
more successful, or at least acclaimed to be the more
useful, of the tuo, It is well recognized that the
shallow vater does not lend itself readily to theoreti~
cal analysis; and as such, most theoretical models ignore
some features of the enviromnment that complicate the
picture, This simplifies the mathematics and limits real=
istic results, However, simplicity is desired since com=
plex analysis techniques have received limited use unless
computerized,

Techniques for predicting sonar detection ranges have
certain features in common, Nearly ail start vith the con=
cept of detection probability where the usual procedure is
to specify a desired single-ping detection probability and
an acceptable false-alarm rate, and then proceed to deter=
mine ranges for which the predicted detection probability
and falsewalarm rate are equal to the desired value,

dlost prediction techniques differ markedly in the
vay N . is estimated and in the methods used to compute
reverBeration levels, L ., Predicted sonar detection
ranges (ESR) in shallow® water appear to be most sensitive
to the variation in methods for estimating these tvo sonar
parameters, Ny and L., Reverberation is one of the limiting
factors in shallow water echo ranging and appears to offer
the most resistance to solution. Aithough paramount, re=
verberation is not the only limit in shallow water, as proven
in available operational results; other limiting effects,
such as ambient noise, at times prevail, especially so at
great ranges, and of course at all ranges in the passive
mode for detection in both shallow and deep water.

“Propagation loss is problematical,¥ The cause of
these detailed fluctuations is not well understood, ard the
most direct approach assumes propagation variability to be
a constantly fluctuating random process. This is particu=
larly true in shallow water vhere the nearness of the bottom
and the effects of vertical and horizontal variations in
temperature, salinity, density, and current greatly compli=
cate the picture and ping~to=ping variations of several db
are continually reported, At present, the best that any
theory can hope to do is to predict correctly a broad
average value for N, This is implicit in the formula for
detection probability, which assumes that Mgy (along with
other sonar parameters) is a random variable normally distri=
buted whose mean is equal to its predicted value,
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3.41 COLOSSUS I Propagation Logs Model,
One simple approach to shallow water transmission loss,
and one of the most often used and quoted, is the applica~
. tion of the COLOSSUS II shallow water propagation loss
equations.

The COLOSSUS Il shallow water propagation loss equa=
tions are based on a model which employs the “skip distance"
concept (see Fig. 3.3). The skip distance (H) is the range
covered by a limiting ray between successive reflections,

LY Fig. 3.3. COLOSSUS II lModel and Geometry
i
~ - PR
R Lo Y. 14_
5 \ R
\/ \/ 7
R Range in kiloyards {0=100)

f Frequency in kilocycles per second (0,1 - 2,8)

D flater depth in feet (100 ~ 600)
Bottom type (sand or mud)
L Llayer depth in feect (0 -~ 600)
L S Sea state (0 = 5)

h 7“ave height in feet
H Skip distance in kiloyards

a Attenuation factor, db/bounce

a Absorption coefficient, «h/kyd
k Near Field Anomaly, Lower Limit, db

K Mear Field Anomaly, Upper Limit, db
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In terms of these symbols, the following equations hold for
mean value
N, = 20 log;4R ¥ aR + 60 (db) = Kk * R« H (l4a)

R

= 15 long + aR + aT<-§ - 1) +5 IOgIOH + 60 (db) - kL*

8H >R >H (14b)
g AY
= 10 log R + aR + ag (‘% - 1) + 10 loglOH +64.5 (db)

- kL* R>8 H (14c)

where
~
H = \iL;Dkyd

a = 0,01 £2 approximately.

In the empirical model (equation 14a), sound diverges spheri-
cally (}%?JD between the source and the first reflection, It
then r undergoes a transitional phase for the next seven
skip zones, vhile gradually changing from spherical to cylindrical
spreading (§) (equation 14b). Thereafter, the sound spreads cylin-
drically (equation 1l4c), Surface and bottom effects enter in the
form of the additive term, an (% - 1) noted in equations 14b and
l4c, where R denotes range and H is the skip distance. R/H is
the minimum number of contacts (bottom or surface) for a ray
traveling from the source to range R. a i{s an attenuation co=-
efficient, measured in db per hounce. Igs valuz depends on wind
velocity, frequency, and bottom composition, The skip distance
H depends on water depth and layer depth., It is the only param=-
cter which reflccts the velocity structure of the water, and aven
then it has only one value for COLOSSUS 11 data,

In project AHOS, the values determined for H were H = 0.5 VT
in kyds for upward refraction in i sothermal water and H = 0.4 VIV
in kyds for downward refraction in nogative gradient water; but
values for H “that fittad the data better in the COoLOSSHS 11
model™ weres H = | /£ D" in kyds.
8

Propagation over a sloping bottom was neiter considered in

AMOS data nor in the COLOSSUS II model, and at present there
is ro sure way of dealing with it,

*or kU
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3,411 COLOsciS II Resuits, The COLOSSUS II
study represents a large quantity of experimental data covering
a broad cross section of shallow water environment conditions,
and on the average, the predicted value should be relatively
good, Unfosrtunately for the present operational sonais, all
data presented are at frequencies between 100 and 2,320 cps.
and the graphs which give attenuation as a function of free
quency, sea state, and bottom composttion do not extend
beyond 3,000 cps. However, they prohably could be extrapo=
lated for 3.5 kc (the $QS=26) and maybe to 5 ke (the SQ$=-23).

The results of an error analysis, in vhich propagation
loss values were computed by means of the COLOSSUS II equations,
were compared with the original data and are given in Ref, 3.13.
“hen the results obtained over all ranges from 3 to 90 kyd
were grouped together, the standard deviations (¢) incurred by
using the equations varied from about 2 to an excess of 15 db,
depending on frequency. An increase in frequency and/or range
was associated with an increase in standard deviation (&).

For example, when the results obtalned at 3 kyd were considered
separately, the sigma value was only 2 db at 112 cps and 4 db at
2,820 cps. At 9 kyd the sigma value at 2,820 cps has changed
but little, but at 30 kyd the sigma value is 11 db. The ran=
domness of the data for one frequency can be observed from
Figure 3.4, vhich is reproduced from Referemce 3,16. Other
frequencies, 112 cps and 446 cys, were also plotted.

From Figure 3,4 it is quite obvious that shallow water
propagation loss models for accurately predicting sonar de=~
tection range, if this represents thoe best avallable, are dif=~
ficuit to use effectively, This figure displayed is for
1,112 cps, which is the highest frequency displayed in the
above report. Undoubtedly a simllar distributicn for higher
frequencies would be equally random, if not more so,

Figures 3.5, 3.6, and 3,7 are also reproduced from the
same report. They represent the error between the computed
pronagation loss, using either equation l4a, 1l4b, or l4c and
the measured data., These pluts display in a different way
the same randomness in the predicted vs the experimental pro=
pagation loss, From these, it is evident that propagation loss
in shallow water is far from being understood completely today,
or at least from being predictable in any other than a gross
statistical way.

3.412 Propagation Loss Effects on Range
Predict:ion. One curve computed from the COLOSSUS II results

(Ref, 3.16) is given here to indicate the variation in pre-
dicted sonar detection range with variatiors in just one of
the sonar parameters, Ny . This also will indicate how the
variation in propagation loss data affects the ESR prediction
in shallow water.
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Distributions of the propagation anomaly, HN., were computed for
frequencies 112, 446, and 1120 c¢ps for the ranges 3, 9, 30, 6G, & 90
kiloyards combined, The intergquartile ranges are larger than might
be desired., Cne reascn for this could be the variability in the
source level of the explosives and another is the i{nevitable bias of
data due to lack of homogeneity., Thusg, there are fewer measured
vaiues at the longer ranges, because the field is sometinmes 0o weak
to be mcasurad, Thus, unweighted averages show a trend tcward appare
ently unpredictable strong flelds abt the longer ranges., These fields
are probably due in part to other modes of propagation, principally
seismic, The analysis and prediction data presented hereln are valid
. for values of ostimated propagation loss less than about 135 db,
Scatter diagrams werce prepared to show the variability of the mea-
sured loss with the predicted propagation loss., These appear as
Fig5.3o5’ 3,6 » and 3,7, Ref, 3. !60
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Assume the following:

a water depth of 200 feet and no recognizable layer
(thic is about as shallow as the submarine would
operate)

sea state 3
a frequency of 1 kc (smuch lower then present sonars,

but data for these higher frequencies was not pre-
sented)

S
H = \\/0 +8200\= 5 kyd

a = ,01 f2 db/kyd, £ in kc or

a = ,0l db/kyd
ap = 3.7 db/bounce for mud bottom and sea state 3

Next, assume a 10 db error between the method being used and
the propagation loss that really exists, and we will use equa=-
tion 1l4b to predict the propagation loss,

R
NW = 15 1og10R + aR + ap (H i) + 5 logloﬂ + 60 db - RL

(14b)

If equation (14k) is in error 10 db for these conditions, the
propagation loss computed, Ny, is either 10 db toe large or
10 db too small.

Assume under the existing operating conditions the sonar
operatdr can detect a signal of 0 db level 507 of the time,
the sonar is self-noise limited due to speed, the average ping
level is 140 db, and a target strength of 20 db is available
from a target closing the range. With 140 db + 20 db the opera=
tor can therefore accept an overall propagation loss of 160 db,
or 80 db in one way (i,e,, the signal loses 80 db of ping level
out to the target and has 60 db for return; but the signal en-
hancement from the target reflection provides 20 db more of
signal amplitude, or 80 db for the return),

Next,it should be understood that whatever error is made
in prediction comes cut affecting the estimated sonar detection
range,
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An example of how this 10 db affects the predicted range
is showm on Fig. 3.8, Fig. 3.8 is a computed curve for the
propagation loss (N,) in db vs range in kiloyards. It has been
computed using equation (14b) givenon Fig. 3.3 and from the
values glven above,

From Fig, 3.2 tho operator, or analyst, would estimate a
detection range of about 12,000 yard$s for the 80 db propaga=-
tion loss he can accept; but if the actual propagation loss is
10 db or more, then his detection range is reduced accordingly.
By coming dowvm the curve 10 db, an estimate of about 5 kyd for
Jdetection range might be appropriate.

The same reasoning applies if the propagation loss is
10 db less than estimated. In this case the 10 db error would
show up as an increcase in the detection range., 1If so, 20 kyd
isa more anpropriate estimate.

¥hat this very simpie approach hopefully has indicated is
the very large variation in detection range possible due to
the limited specific knovledge of the propagation loss at any
given time or place and the dependence of predicted sonar de=-
tection range upon average values. The other parameters in
the sonar equations are aiso average values, but with varia=
tions usually less than indicated herxo,

3.42 Some LORAD Results in Shallow Water. The LORAD
program at NEL has also developed an empirical relation for shale
low.water propagation from experimental data gathered in shmllow
water areas off California and Hawaii and in the Bering and
Chukchi Seas, Using frequencies of 700 and 1200 cps and at
ranges of 2 kyd to 50 kyd, Ref, 3.12 reports the echo level in
shallow water (50 yds, and less) can be represented by the
following:

Echo Level, Le = Constant + B log R

vhere the Constants depend upon source level, layer depth,

bottom conditionsy sea state, target aspect, and others. Fol=
louing the approach from work done by Mackenzie* where the
transmission anomalies in shallow water were generalizZed with

a dimensionless parameter R/D, the same generalization is applied
with good results for similar bottom types.

*liackenzie, K.V., “Long Range Shallow-Water Transmission®,
Journal of Underwater Acoustics, Vol. 7, p.239=259, CONF'DENTIAL,
Oct, 1957; and Mackenziec, K.V., “Long Range Echo~to=Reverberation
Ratios in Shallow ¥ater and the Application to Echo-Ranging",

Journal of Underwater Acoustics, Vol, 3, p. 359=-378, CONFIDENTIAL,
July 19358,
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Source Level 140 db
Target Strength 20 db
iinimum Detectable Signal 0 db

90-L i ~ -+
| L
85 .| i ‘ ~ -
3 10 db error in N‘:I i . _~
30 5/ 1
| 75-¢ // 5 10 db error in N, -
8 _ |
4 s 704 / y .
=z
65 1 -
) B [y L
I Zstimated' Range ] I !
}
5 kyd, 10 kyd, 15 kyd, 20 kyd,
| L4 ’ >
N, = 10 db more N, =10 db less
than estimated, than estimated,

Flg. 3.3, Estimated Range Error With Error in N,q.
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Fig, 11, given in Ref, 3.12, is a plot of experimental
data from four Czlifornla coastal areas and one Hawaii area
shoving this relatively pood agreement between echo level (Le)
in db vs 50 x Range for two normalized depths, 25 yards and
50 yards,.with .Depth  an estimate of 2,6 db as the standard
error, Also it is interesting to note the following taken
from the same reference:

“In each area the level of peak reverberation decreased
with range at approximately the same rate as the echo level,
At beam aspect the differences in levels (echo to peak re=
verberation ratio) vere nearly constant vith range. The
ratios were 11 to 15 db for 100-millisec pings, varying from
area to area," The reverberation levels in these examples
followed the approximated empirical curve even better than
the echo level, 1i.,e,, L‘ = Constant_ + B log R was a very
good fit to th:» reverberation levels presentec, which also
estimated reverberation from areas as near as 2000 yards in
range, Most of the results in this LORAD report are compared
vith Mackenzie's earlier work which is based on a ray tracing
approach and which provided good agreement in these examples,

Although this might indicate an acceptance of the ray
tracing approach, there are indications that ray tracing
leaves much to be desired, especially so in cxpiaining some
of the more complex problems of interesf: to specialists
working ir. underwater acoustic propagation, as the following
extract will affirme

“These ray path pictures are useful for many purposes;
but for those cases which require estimates of the acoustic
field in a shadow zone, the ray method is not applicable or
useful, This requirement has not commonly occurred in sonar
design studies because shadov zones are always regions of
relatively high loss, One might imagine that need for wave
acoustic problems would be encountered only rarely in the
deep ocean, but surface=hounded ducts (e.g., surface channels)
frequently are of dimensions comparable to long-range sonar
vavelengths, Even though a duct may have a depth of many
wavelengths, the boundry conditions are usually those of a
¥leakly® duct, so we require an analysis for many wavelengths
below the channel, Other types of shallow channels and shal-
low vater propagation posc similar problems, For all of these,
the normal mode theory seesm< Lo be the approach having the
greatest promise, and perhaps {t is the only approach vhich
can be used to sweep away the debris left by improper use
of the ray theory,% (Ref, 3.2, Frank Hale, p. 63)

There stiil is a very important use for the type of rew
sults presented above since it could be pessible for propagation
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losses to be extracted from the experimental results. Al-
though the frequencies presented in Ref. 3,12 are too low for
direct application to current shipboard systems in the Fleet
or under development, this would only necessitate accounting
for the effects of higher frequencies in the experimental loss
curves,

3.5 Computerized Ray Tracing Programs for Possible
Shipboard Application to Improve Command and Control, Compu=

terized acoustic ray tracing techniques are well developed today
and have been in evidence since World War II in one form or
another, Several groups have developed tihieir owm ray tracing
program for particular interests, and the few presented here

are only an example of a limited review of the literature.
Before electronic computers, mechanical analogs were devised

to describe the behavior of acoustic rays under water, Tuo

such analog devices are described in the chapter on ray tracing
in "Physics of Sound in the Sea, ™

A special circuiar slide rule was used which simplified
the calculation for obtaining changes in the depth with range
along a ray, The instruments, developed by the 'loods Hoie

ceanographic Institution early during World Yar II, gave
horizontal range covered by a ray in its passage through a
layer with a constant gradient, The layer thickness (h),
temperatures at the beginning and end, and direction of the
ray at the projector (€,) are given to start with. With the
slide ruley the direction of the ray when it enters and leaves
the layers, @i and @, respectively, is calculated, From the
average of the two directions, the horizontal range traversed
in the layer is obtained,

D <
R = hecot (___l_.____;___Z__)

Continuous application of this formula from layer to layer prao=
vides the necessary information to obtain a complete raypath.

Another instrument described in the above reference was
a sonic ray plotter which was developed by NDRC., This device
mechanically integrates a second order differential equation
in range and angle and exhibits the solution as a curve giving
the raypath, With our present day eciputers, new approaches
to those awlkward tasks of ray plotting are in use, Several
programs for electronic analog and digital computers have been
developed vhich are used to gencrate raypath traces.

A —— ————t—

*"Phystcs of Sound in the Sea," Surmary Technical Report of
Div. 6, NDCR, Vol, 8, Washington, D,C,, 1946,
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One analog computer avallable commercially is the
WSperry Sound Wave Ray Tracer®.* The Woods Hole Oceano=
graphic Institution mede an evaluation of such a device in 1958
and found it very useful for plotting sound rays. ILike the
mechanical sonic ray plotter, any function can be programmed,

The Electronic Associates Inc, have an analog computer
program for their line of general purpose analog computers,’*
It is completely electronic, Their choice of parameters per=
nits the study of rays out to ranges as far as 700,000 yds.,
and depths to 14,000 ft,

These various programs mentioned were used only for
the generation of raypaths, Spreading loss is obtained by
qualitative analysis of the ray diagrams obtained, None of
these perform actual intensity loss calculations. The Re=
search Laboratories of the United Aircraft Corporation pro=
vided an example of intensity calculations, using analog
computers, *** The program was based on using time and &
as the independent variebles instead of the usual hori=
zontal range r and D,

There are several digital programs available, One ~f
the very early programs developed was by the U, S, Naval
Ordnance Test Station at Pasadena, California, for use with
an IBM 709 computer.# This program generates both raypaths
and intensity loss due to spreading, A similar program was
developed by the Ordnance Research Laboratory of the Penn-
sylvania State University to be used in the IBM 7074 computer.
In both programs, the intensity loss obtained is only ape
proximate, ##

—— v———

#A, L. Bradshaw and J, B, Hersey, “Evaluation of the Sperry
Sound Wave Ray Tracer," WHOI Ref, No. 58=~13, March 1958.

**Undervater Acoustic Ray Analysis,™ Technical paper presented
at the 615t Meeting of the Acoustical Society of America,
May 11, 1961, Abstract published in the Joirnal of the Society,
Vol, 33, No, &, June 1961,

*¥*Anderson, R, Gocht, and D, Sirota, "On Spreading Loss of Sound
in an Inhomogeneous edium,% Report B440132~-1, United Alrcraft
Corporation Research Laboratories,

#"Sonar in Refractive Water,® Program 02431, U.S, Naval
Ordnance Test Station Report P129/MR576, Pasadena, California,
9 Oct 1959,

##%Underwater Sound Rays and Transmission Loss Using Analog Come

puter,® ORL TM Memo 20,2000-72, 14 Aug 1963, Ordnance Research
Laboratory, Pennsylvania State University, University Park, Penn,
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NOTS, China Lake, has a program op Tk 70%¢ computer
that makes available transmission loss and veverberation
level, It also takes into account the transducer pattern,*

The Pacific Naval Laboratory describes ray tracing
programs for an LGP-30 computer** and for a PB~250 computer,*¥*¥*
Both have provisions for multiple velocity profiles as well
as bottom and surface reflections,

This is a very limited list of ray trace programs availe
able today, none of which has been used or studied directly,
Recently an extensive list of Mavy-Only computer programs has
been provided by NOTS, China Lakg, for the Systems Analysis
LY Staff, Naval Ordnance Laboratory, Silver Spring, Maryland,
This list also includes several ray trace programs applicable
to transmission loss and sonar detection,

3.51 Limitations of Current Surface Ship Ray Trace
kHethods, In the pastsray plots were not developed for on board
ship use, and only recently has any direct use been made of these
techniques, The KEY WEST TEST and EVALUATION DETACALENT has de=
veloped a technique for drawing ray picts by hand using piedraun
curves and transparent. overlays. The curves znd overlays wers
developed for ESR prediction for deep water only., The method
provides the solution to the sonar equaticn for noise=limited
conditions (3,321) and the plotted rays provide information on
shadow zones and surface contacts, It was not intended for
shallow water use, However, it does provide a way of obtaining
the ray pi~+% without transmission logs for shallow water.

The only recent ine«Fleet development at all applicable to
ESR prediction is the Tactical Range Prediction System (TACRAPS)
which is & shipboard sonar range predictinon system under deve~=
4 lopment at the Fleet ASW School at San Diego. The large mechanie
» cal slide=rule~like system uses a circular nomogram that gives
detection probability as a function of range and figure=of=-
merit, which was not available in NAVSHIPS 900,196, and a cir-
cular slide rule that can be used to compute the parameters
that describe a ray plot., The slide rule is patterned after the
instrument developed by Yoods Hole Oceanographic Institute during
World¥ar II,
*"Iavestigation of the AQS-=10 Sonar and Torpedo MK 46 Acoustic
Performance in Shallow Water as Related to the HSS-2 Hellcopter
as an Attack Vehicle,“ by Weapons Planning Group, Y,S, Naval
Ordnance Test Station, China Lake, Calif.,February 1962,

*% H,%, Dosso, J.E. Lokken, C.D. Maunsell, aud J.P, Greenhouse,
“Ray Tracing with an LGP=30,% Pacific Naval Laberzaiory Report
60=3, March 1960,

Jededs
H,%, Dosso, T.T,Robertson, and S.R. Clark, "Ray Tracing with
a PB=250," Technical ilemo 63~11, Pacific Naval Laboratory,
November 1963,
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The nomogram is developed on the application of noise-
limited solution to the sonar equation (3,321), using the
AMOS equations and figure=ofe-merit inputs determined by
shipboard measurements, Like other methods as NAVSHIPS
900,196, it uses the AMOS equations which are descriptive of
deep=water transmission loss; and thercfore it is appropriate
only for deep water or for shallouw water areas that appear
like deep water acoustically, If the noise background is re=
verberation rather than own=ship noise, the present nomogram
cannot yield a solution unless the figure~of=-merit is measured.
The present figurewof-merit is estimated for noise-limited
conditions,

3,6 Results of One Propagation Logs Study in Shaliow
Yater Done at NEL., Propagation studies pursued at NEL have

utilized both ray trace and normal mode methods for explaining
the experimental results from various cruises made in the
Pacific arecas supporting the LORAD program,

One of the most recent publications is included in
Ref, 3.20 and indicates relatively good correlation between
computed and experimental propagation losses in shallow water
to ranges within 20,000 yards, 3eyond 20,000 yards, corre=
lation between the model and the experimentally measured pro=
pagation losses 1s found wanting., This is understood since
a small db error in propagation loss measured or estimated
is very influential at long ranges under question, e.g., at
50,000 yards rather than at the nearer ranges around 20,000
yards, The sensitivity of the loss in this model to errors
in degeribing the bottom conditions was pointed out in a
previous work done by one of the authors,¥

3.7 lmport of Model Results to Surface ship Command
and_Control Requirements, These results are indicative of the
continued effort to better understand acoustic propagation in
shallow water., The understanding of acoustic propagation
anomolies is continually bejng extended, even if only by
small jincrements, since this understanding is so important to
the operating force; and slowly the methods for predicting
detection range and submarine detection seem to be improving,
However, the desire to develop accurate ASY detection and
prediction techniques at extended ranges and models that can
account for all anomolies over al. ranges for all conditions
should also be tempered with using and developing those
limited techniques now avallable that could improve pre-
dicted detection ranges in shallow water that zre needed today,

*H, P, Bucker, “Normal lMode Propagation in Shallow Yater,"
Ref, Journ, Acoust, Soc, Am,, Vol, 36, Feb, 1964, p, 251,
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This point is belisved worthy of consideration in the cone
text of the currenc study. ESR predistion methods for
shallow wvater that have been devetupeld for use in the Fleet
are nonexistent, Any improvement would help the ASY opera=
torsy however, they must have access to this improvement

or it is meaningless, Since NEL is the only laboratory with

a curreut shallow water program (Ref. 3,10), any significant
improvement over the short time may revolve around the cur=
rent vork being done there; and maybe their most current work
(Ibid,) is indicative of what to expect in the near future,

It is a possible approach to jmproving ESR prediction in shals
low uater i1f the environmental conditions are accurately knowm,
If the model is satisfactory for ranges out to 20,000 yards
and if several environments were used to predict or develop a
vhole set of curves with these methods, then by measuring a
few (maybe only two) points on the loss vs range curve, it is
conceivably possible to place these two experimental points on
those curves developed from environmental conditions in the
inmediate operating area. These are not ideas that guarantee
a solutionj they may require a great deal of bottom sediment
data; but some of the tools are available, particularly the
models, and the need exists,

If the responsibility for automatic data processing in
the area of Command and Control is also responsible for data
provessing in AS'Y, surely Command and Control technology and
planners must accept the requirement to develop methods to imw
prove ESR prediction in the Fleet.

There is no claim in this study that a consensus of
opinion exists today by professional personnel specialized
in understanding tke many vagaries of propagation loss anome
oiles as vo the most opportune approach to take for improving
the predictlon of Effective Sonar Range for the Fleet, and
especially in shallow water. Furthermore, it must be under=
stood that there is no imperative requirement to predict ranges
for surface ship sonar beyond the capability of thelr weapons
in shallow water (which certainly now is much less than 50,000
yards); but if a potential detection range prediction scheme
is effective to ranges near 20,000 yards, along with a similar
detection capability, then Cormand and Contrcl technology
shculd be aware and remain abreast of this potential ESR pre-
dictlon in shallow water, because even a 10,000 yard pre=-
diction method in shaliow water would be welcome today.*

*LCDR Beaumont, RAN, Fleet ASY School, San Diego, California,
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4, ASY SHALLOY WATER SCENARIO AND IMPORT TO COMMAND AND
CONTROL REQUIREMENTS (})

4.1 Amphibjous Force Protection., The two scenarios pre=

sented here are taken from Ref. 4,1, which was based on actual
Fleet operational readiness exercises and realis-ic free-piay
exercises, They are examples of ASW action during amphibious
operations vhich relate directly to shallow water operations
and present some of the tactical problems in this type of ASW
operation that need better solutions to improve operational
wontrol than are currently available, Improvement required
in the information bearing directly upon detection, naviga=
tion, classification, attack, and weapon launch, as well as
making the information avallable te all team members, is made
evident throughout the scenario by a parallel commentary,
“"The Import of the Scenario to Surface Ship Command and Con=
tro! Requirements,"

The first example presented, Amphibious Force Protection,
is directed to the point in time at which an amphibious force
has entered a shallow water areca and is approaching its ob=-
jective area. The general direction taken by the force is
known to the adversary, who is endeavoring to place submarines
in a position to intercept, The amphibious force described
in Ref, 4.1 consisted of a fast transit group made up of a
landing ship squadron (LST's) and minesweeping forces con=
sisting of one MCS and six MSO's, The amphibious objective
area (AOA) is off the l5~mile beach east of Ha Tinh, Nofth
Vietnam,

The approach to the AOA involves a long, shallow water
transit through much of the Gulf of Tonkin, The rendezvous
point for the slow and fast transit groups will be very nearly
over the 100=fathom contour leading to the shallow water
stretches of the Gulf itself, vhich will be a relatively long
distance from the AOA, The chief threat to the formation in
its transit through the Gulf was thought to be represented by
the small, fast, surface craft and possibly by inshore sube
marines, although portions of the Gulf are too shallow for
submerged submarine operations.

At the beginning of the narrative, the time is 1800,
The rendezvous of both the slow and the fast transit group
near the entrance to the Gulf has been accomplished and the
combined amphibious force is steaming noxrthward., It still
has & 230=mile transit to the beachhead area, and with its
SOA of 10 knots (dictated by the low speed of the LST's), it
will require about 23 hours steaming time, The CVS has joined
the maln body; it will detach wich. its escorts when the 30=
fathom line i1s reached,
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The combination of forces (including five destroyers
from the fast transit group, eight from the slow traasit
groups and four from the CVS group) permits a massive cire
cular patrol area screen, with the added provision for an
advance screen (three DD's) and pouncers inside the main
screen, One of the pouncer stations was occupied by the
solitary APD which has no assigned amphibious mission, but
was being used as a destroyer since it still carries SQS=10
Sonar and depth charges~-=useful shallow water systems,

It must be pointed out, lest one unknowingly ignores
the fact, this enormous support group===20 DD's and 1 CVSw=~
has been stationed, wrongly or rightly, for maximum or mini-
mum protection of the transitting force. by an estimate of
the Effective Sonar Range (ESR). Although factors affecting
screen selection are; the predominafit threat (submarine or
airy vhich in this case 1s submariné), mission of the
main body, intelligence pertaining to enemy submarine type
and weapon-(which are parameters in defining the TIZ)), cte, .,
once the screen type is selected, the positions within the
protection screen and the pouncer nositions have all been

made dependent upon the ESR, right or wrong, And ESR pre=

diction technigues for shallow water are non=existent as
such in the Navy today!

The force travels 230 miles in its movement up the Gulf,
The first 110 miles are through a region where water depth
is between 50 and 100 fathoms, The next 75 miles cover
depths between 30 and 50 fathoms, and the next 25 miles be=
yond that have water depths between 20 and 30 fathoms, The
sea echelon area of the ACA will be in about 10 fathoms, 7
miles offshore, Inside the 20 or 30 fathom curve, submerged
submarine operations are virtually impossible, and mines and
PT boats are corsidered the principal threat to the AOA., If
submarines are employed, they will have %o meet the surface
force farther down the Gulf where there is sufficlent water to
permit them to operate submerged, or nonconventional type sub=
marines will have to be used,

The minesweepers are in the vanguard of the amphibious
formation, but inside the destroyer screen, They are equipped
with UQSel continuous-transmission, 100 ke, minehunting sonars,
They can offer little detection range: but their high frequency,
high resolution sonars possibly can aid classification, How=
ever, vhen operated inside the DD screen during transit,
their submarine classification capabilities will not be too
useful, for once the submarine is inside the DD screen (where
the MSO's are), in all likelihood he will launch “is weapons
{torpedses); and this will surely classify him, Nevertheless,
ic is thought that the MSO's may have some value in an ASY
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role, and they will therefore be operating their mine=
hunting sonars to provide a backup to the DD screen,

HYhen the 30=fathom line is passzd, the MSO's will
move ahead of the DD screen end begin their sweeping and
kunting operations under the guns of the destroyers,

The front presented by the main body of the amphi~
bious force is about 2% miles across, The main screen
forms a circle about the force (see Section 1.64), the
diameter of the screen circle being about 12 miles, There

3 are 12 destroyers in the screenj spacing between the ships
averages about 3 miles, and randonm sector patrolling may
occasionally create gaps somevwhat greater or less than
this,

The CVS accompanying the force is maintaining S=2 air~
craft on patrol ahead of the formation, carrying out radar
and visual searches. The carrier's ASW helicopters are
operating inside the destroyer screen, dipping randomly,

As the surface force enters the Gulf at 1800, 23 hours
before cormencing the land =operation, the cnemy submarine
force is deploying to meet it, The enemy has initially
been awvare of an impending amphibious operation through
shore=based intelligence,

In amphibious operations much shallow water usually

will be involved, timing is important, and ASY operations
will not have the possible benefits of convoy coursemechanges
to avoid possible submarine comtact, This is onec problem

> which shallow water ASW forces will most normally cncounteorwwme
the direction of the main body can not be altered, and clase
sification must be fast since altermate courses, which may
be nossible in deep water vhere destination may still be days
avay, will not be available to the OIC, This is brought out
again in the scenario,

A submarine task group, made up of three diessi~electric -
submarines, is moving southward to deploy across the Gulf bee
tveen Hainan and the coast of Vietnam, The group 1s moving
southward at a SOA of 10 knots, which will require the diesel-
electric boats to run on the surface most of the time, All
three submarines are to proceed independently and to oporate
essentially in a soliéary mode,
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Scenario 1

1800:

The surface force is entering Tonkin Gulf,
Submarines are still proceeding southward
to meet it,

18252
An A=4 aircraft, returning from a strike
nission, reports sighting a surfaced sub-
3 marine, The A~4 degcends to low altitude
(it was below cloud cover initially or it
would not have seen the sub) and prepares
to open fire, The submarine, however,
submerges, The A=4's fuel supply is very
low and it can not irmmediately lccate or
contact the amphibious force., It dces
make contact with its owm CVA, and the
latter transmits the positional informa=
tion to the CVS accompanying the amphibious
task force, In order not to compromise
EMCON, communication is via a middleman
aircraft (A-1),

18403
The CVS is assessing the information, The
A=4 can only classify the sub as probable,
for a positive classification rests with
higher authority. However, vhile recoge
nizing that visibility is not very good
4 and the A=4 may have merely seen some
transient phenomenon, from fairly high
altitude, that dissovived upon closer ine
spection, the CVS is inclined to suspect
that the sighting may well have been a
valid one, The alreraft, running out of
fuel, would have had to be rather strongly
stimulated for it to make a detour under
. the circumstances, The "probable® sube
R marine is approximately 200 miles northe
west of the main body, but it is close
enough to the projected track to constie
tute a threat in, say, 12 to 14 hours,
It is about 50 miles offshore,
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Command and Control Requirements ]

Note the discussion in Section 1.6
pertaining to screens and to the
limiting lines of approach to help de~
fine the threat, Estimating submarine
spead, position, and probable weapon ;
along with course of the main body pro- ‘
vides the OIC with a probable threat
and its relative value,
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Scenario [

The only available vehicle that is cap=
abie of closing this distant datum and
carrying out further investigation is the
VP aircraft, There are 5S=2's aboard the
CVS, but a 200 mile transit is a long way
for these aircrafty it would require more
than an hour just to get there, The S$=?
is not configured to use SSQ=15 active
sonobuoys for localization, and in the
shallow water of the Gulf &t would have
little chance of detecting che submarine
if the latter submerged. Eonsidering the
gathering darkness, the S=2 would probe
ably not be able to gain visual contact
even if the sub stayed on the surface,
However, there is still a VP on station
ahead of the force, carrying out radar
and visual search, It can reach datum
from its present position in roughly %
hour., There is no air opposition expected,
which is fortunate since the VP will pose=
sibly be acquired by shore=based radar and
it would be a sitting duck for an cnemy
interceptor, But under the circumstances
it appears both feasibie and desirable
to direct the aircraft to the datum,

19103

The VP is over datum, flying at 500 feet
to get under the clouds, Radar off, Nothing
in sight. The VP will fly southeast, keep~
ing about 50 miles offshore, Visibility
is poor, but the aircraft might stiill be
able to pick up the rontrast of a surfaced
submarine’s wake, It will plant Jezebel
buoys about 10 to 20 miles south of the
last known datum, in an arc between the
datum and the present position of the sur=
face force,

1935:

VP has a readout on one of the buoys-==
possible submarine, The aircraft re=
quires about 5 minutes to confirm the pos=
sible validity of the readout, from the
time it first begins to appear on the
paper recording strip, The aircraft will
aot go into a CODAR plant procedurej it
knows that detection range will be short,
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Import of Scenario to Surface Ship
Cormand and Control Requirements,

In shallow water areas, due to the
probable nearness to land, land~based
aircraft offer more possibilities for
assistance (longer station time) than
would be expected in deep ocean opera=
tion; however, the JULIE systen using
dropped charges has severe reverberatior
and detection range limits in shallcw
water. Therefore the aircraft useful-
ness in providing a positive contact

1s certainly limited, But on the other
hand, the JEZEBELL (passive listening)
aircraft system may be better matched
for shallow water ASW than JULIE since
the slower dieselwelectric, shorter
ranged submarines are more probable and
these are all snorkel boats which pree
sent highe=amplitude, low-frequency
noise signals for passive devices when
on snorkel,

In shallow water (coastal), concentra=
ted ship traffic may negate much of
the usefulness of the passive system
unless accurate tracking and position
information along with position infore
mation of surface traffic is available,
Also shallow water passive detection
ranges will be limited compared to
deep water detection ranges, This
shorter range reduces the time for
classification, localization, and kill,
thus demanding a faster overall response
to a contact,

Typical sonobuoy plants are discussed
in Appendix B.4. In shallow water, due
to limited detection range, the prots
able usefulness of CODAR plants is even
loss than in deep water, where their
usefulne.ss operatiocnally has been “ound
wanting in ASWFORPAC reports.,
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Scenario 1

and if the sub is no more than a few
thousand yards from the buoy, its posi=
tion i1s proba’ly already fixed within the
limits of CODAR accuracy,

1940:

The aircraft 1s descending to 300 feet,
It gets an on=top indication from the
readout buoy and begins a spiral out
from the buoy to try for a MAD contact
or visual confirmation. It could drop
active sonobuoys to try for acoustic con-
tact, but it will not do so until its
spiral has proved unsuccessful, rIven
vwhile snorkeling., a submarinc might detect
the echo ranging of the SSQ=15 sonobucy
and might then take evasive action, For
the same reason~=keeping the possible
submarine unawvare of the alrcraft's
proximity~=radar is still off,

1965:
Alrcraft is down to 150 feet. flying a
spiral outward from the radiating sono=
buoy, Signal is fading but not cutting
of£ abruptly.

1948

There is visual sighting of a small craft,
leaving a considerable wake, Poesibly a
patrol boat, (Alrcraft are under orders

3 to destroy any small craft that might be

‘ and a machine gun,
: dovn the axis of the boat's course; it will

In a position to detect the amphibious
force on its way in.) Alrceaft activates
its searchlight, The small craft appears
to be a PI=type boat or small motorship.

1949:
The boat has opened fire with smail arms
The aircraft is coming

drop depth charzes, preeset for explosion

. at 25 feet,

1952:

Depth charges are going off as the ASW
aircraft turns to come in again, It wiil
launch its HVAR's (5~inch rockets with
inert heads).
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Magnetic noise due to closeness of
underground geological formations
that can increase the magnetic back=
ground is more prevalent in shallow
water, again reducing the potential
usefulness of MAD in these operations,
This in turn reduces the effectiveness
of one of {he better classification
techniques available anu indicates an
even greater need for new classifica=
tion methods,

[
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Scenaric I

19542
Target is on fire as the VP releases its
rockets and pulls up,

1958

Fire disappeared, VP 1s operating its
searchlight again., It is difflcult to
plck up small objects in the rather
rough sea, but the vessel seems to have
disappeared,

The Jezebel buoy readout, then, was
apparently that of the small patrol boat,
With the boat destroyed (at the cost of a
considerable portion of the aircraft's ASW
ordnance) the VP can now return to its pri=
mary mission of seeking out the possible
submarine, The alrcraft assumes that the
submarine will either proceed southward
or will remain in the general area to
ayait arrival of the surface force, Datum
is 1% hours old now, and the ability of
the alrcraft to relocate the submarine

can be regarded as mostly a matter of
chance, Its Jezetel sonobuoys have only

a very limited ability to generate shallow
water detections, and the plane cannot
saturate large arcas with them; it can
only monitor 16 buoys at a time, and

this will permit it to cover only small
areas in view of the expected detection
ranges, Visibility is too poor to expect
sightings, unless the aircraft happens to
pass very close to a submarine on the sure
face, The plane will go active on radar
and patrol the area for a timej at least
it can try to keep the sub from using the
surface, This will effectively prevent
the sub from moving very far while the
aircraft remains on station and may pos=
sibly create a battery problem for it.

22003

The VP has had no apparent success, The
surface force is now aware of the plane's
activities, having established communica-
tion via a middleman aircraft link,
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Traffic problems mentioned earlier,
sorting out which noise-source is a
probable target, will be much more
severe 1n shallow water. The effective=
nesg of all passive systems operating
in shallow water could be improved
with accurate knowledge of traffic in
the area, This includes range, di~
rection, friendly or possible enemy,
and also acoustical spectrum informa=-
tion This data must be stored and
retrieved when needed,

This is one very different and very
important aspect of possible shallow
water ASY problems which was mentioned
before, Coordination and timing are
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Scenario 1

(Launch and retrieval of the middleman
alrcraft, from the CVs, involved momentary
breach of EMCON security.) The OIC will
not attempt to turn the forcej there 1s
not a great deal of maneuvering rocm and
overall coordination of the amphibious .
movement requires fairly close adherence
to the original course unless an extreme
emergency arlses,

The submarine that was originglly detected
by the A=4, and uhich went dowm to evade,
subsequently attempted to return to the
surface, However, it became aware of air=
craft activity and decided that a surfaced
transit was inadvisable, After a time,

it raised its EQM mast to determine whether
it could safely snorkel; it picked up radar
signals from the aircraft and concluded that
snorkeling also was inappropriate. Thus,
at 2200, both the alrcraft and the sub=
marine are frustratedesthe former because
it isn’t getting any contacts and the
latter because it thinks it can't surface
or snorkel, and it is falling far behind
its predicted S0A and mission requirement,

By this time the three submarines of the
task group are spaced some 40 to 50 miles
apart, all proceading in a generally scuthe
erly direction, There will be no further
communication among them, and their efforts
to intercept and attack the amphibious force
will be essentially independent operations.
They recognize that sinking or disablement
of one or two more transport ships will
materially delay, and may prevent, the
landing,

24002

The end of the day shows the surface force
some 60 miles into Tonkin Gulf, There have
been no submarine incidents, or other unw
usual developments, up to this point, The
remainder of the night and the following
day will represent the period of maximum
danger from submarines, Thereafter, during
the final hours of darkness before the
landing, the major threat will be from small
boats of the type that was destroyed earlier
by the VP, But the force itself is probably
still toc far out to sea to expect a threat

from PT boats,
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very important aspects in amphibious
operations which usually include some
shallow water. 1Is it or isn't it a
submarine must be answered quickly

gince time to act is limited, and out
maneuvering the submarine by altering
the course i{s not possible, In the

deep water (off shore) case if the mis=
sion of the OIC is the safe and timely
arrival of a defended force and the
threat can be eliminated by eva‘ion, ther
this would be the normal procedere, The
secondary mission, to seek out and de=
stroy the enemy, will be pursued if
available forces are sufficlent, In
general this is not applicable in shal=
low water, and especially so with an
amphibious force making a landing which
i1s very dependent upon timing, The sube
marine threat rust be eliminated,
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Scenario I

0600:
Daylight again, During the night there
were several “false alarms® that on one

occasion resulted in detachment of a SAU,
Several attacks were made on that target,

which subsequently evaporated and was

tentatively classified as a sohool of fish,

0800:

The force has now been in the Guif 14 hours,

It is steaming through an area where
water depth is a little less than 50
fathoms==still more than ample for sube
marine operations, Dawn brought a low,
solid cloud cover with ceiling between
100 and 200 feet; sea state 3 conditions
prevail, vith some vhitccaps, Sonar

conditions are still not bad, considering

the water depthj the SQS~23 equipped
vessels are getting ranges of 4,000 to
5,000 yards_ on occasion, on marine life

and other nonsubmarine targets, with rela=

tively little reverberation, This is
achieved, however, by shifting to the

maximum frequency deviation of ~250 cycles

and thereby effectively reducing the
sonar®s power output and its range capa=
bility. Inside about 4,000 yards the
SQS=29 sonars seem to be presenting a
better picture on the gcope, with less
cluttery; than the SQS-23.

At this time, one of the three submarines

operating in the Gulf is in fact very
close to the surface force, but the sube
marine doesn't know it yet, Another,
vhich was delayed considerably the night
before, is still far to the north, still
moving slowly southward, It did nof get

Import of Scenario to Surface Ship
Command and Control Requirements

Heapon inventory in shallow water 1s
another OIC requirement that can well
be different for shallow water ASY
operations, In the deep water (off
shore) case usually the terminal point
is still some distance and time away
and conservation of the limited supply
of ASY weapons will be uppermost in
the OIC plans. However, when in shal=~
low water and nearing the end of the
mission, unloading his arsenal on any
suspect target rather than spending
classification time could be one so=
lution, If so, a current listing of
available armament aboard each ship
in the ASY force, its location, time
to suspected target, etc., will be a
positive requirement that will need
more rapid and continued updating in
shallow water ASY operations than in
general for deep ASY operations, The
SAU assigued to investigate a shallow
water contact may depend upon the avali-
able and applicable weapons aboard the
chosen destroyer,

Reverberation discussed in Section
3,324 1s one of the limiting factors
in shallow water ASY sonar operations,
Present data displays and signal pro=
cessing have not measurably improved
detection in reverberation backgrounds,
During some operational exercises, some
individual operators have improved the
clutter problem on displays by reducing
the source level vhich, as noted in
Section 3,324, contributes directly to
the reverberation level, Reverberation

an opportunity to recharge and is now atw
tempting to snorkel in spite of recurrent

. alr activities originating from both the
CVS and the two CVA's, The third sub~
marine is some 50 miles to the cast of
the amphibious force,

may be the most severc equipment probe
lem necessary to overcoue to improve
shallow water ASY operations, This ime
provenment will undoubtedly depend some=
vhat upon improved signal processing,
along with scope presentation, displays.
and other assists to the human operator,
inciuding a better understanding of the
basic reverberation problem itself,
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Scenario 1

08303

The enemy submarine nearest to the force
still has no contact, though it is within
about 10 miles of some of the scraen elew
ments, The mud bottom of the Gulf acts

as a blotter, absorbing much of the noise
generated by the massive ship formation,
and still more is lost through the multi-
ple=bounce effect between bottom and sui=
face, The submarine’s sensor range is esw
sentially about egquivalent to the herizon
as seen through its periscope (that is,
about 6 or 7 miles for visual detection,
the same for radar, and probably very nuch
the same for its passive sonar). The sub=
marine is operating submerged in water of
40 fathoms® depth, It is a W=clasc boat
and draws about 42 feet of water at perie
scope depth, with the periscope exposed

3 feet, It is proceeding on the batteries,
at 3 knots, with periscope and ECi mast
exposed continuously, ECM so far has been
unproductive, due largely to the striet
EMCON policy adopted by the surface force,
but also because during unavoidable periods
of electronic emigsiony the submarine
cimply hasn't been searching the right
frequencies at the right time,

0845:
Submarine has sonar contactee5 ke¢ echo

ranging, bearing 1957, Can't discern
ship noise,

0846:

Visual search along the bearing has dige
closed a falnt highlight on the horizon,
apparently a ship?s superstructure,

0843:

Visual image has not 1mproved noticeably,
Echo ranging still held, No bearing rate
determined vet.
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Mud bottoms are not always the case in
shallow water, but when the bottom abe
sorbs nuch of the energy, the reverber~
ation problem is reduced~~when the
bottom is hard or sandy the assumption
of large absorption and minimal transe
mission does not hold, and extracting
the signal from the reverberation baclke
ground again becomes a severe probiem,
The shallov water environment, whicn
has been pointed out in this study, of
course controls many if not most of
these effects we have been considering.
Without a complete knowledge of the ime-
mediate environment, how it 1s affect=
ing the particular sonar systems and
operation, only gross estimates of what
to expect will be available., The need
for real time environmental data col=
lected and used during the immediate
operation becomes more evident with
each problem considered in shallow
water ASY,

The 5 ke active source is, of course,
the SQS=~23, The submarine is most
usually alerted to the searcher before
the searcher detects with sonar, since
the active signsl at the submarine is
of a much higher intensity, having beecn
reduced by the one way transmission
loss only,
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Scenario 1 Import of Scenario to Surface Ship
Command and Control Requirements

0849:

EU{ holds a radar signal, of a type car-
ried by U,S, carrier=based ASY aircraft,
bearing 205T.

0851:

ECH advises signal strength is increasing,

Submarine will hold its present course and

will keep its masts elevated; it has little

to fear from the aircraft in terms of peri=~
] scope detection in a sea state 3,

0853:

Sonar advises echo ranging signal is drifte
ing right, The sub will turn to the right
to maintain the bearing,

08543

ECM says signal from the aircraft is still
getting stronger, The plane is visible
now, a little dot just above the horizon,

08553

The plane has disappeared into low cloud
cover, but signal strength from its radar
continues to build up, The submarine does
not think that it will be detected, but as
a precautionary measure it dips the perie
scope and ECM masts bdbelow the surface, It
will carry out regular periscope observa=

P tions every minute or so, but will not exe
> pose the scope for more than a few seconds
at a time,
0905:

ECM searchj signal diminishing,

(=]

073

ECM signal lost, Somnar contact bearing

is still drifting right, sub has again
turned right to try to maintain the bear=
ing, It estimates the contact is on course
350, speed 10 knots, Sonar now has a noise
level bearing 1907,

At this point the submarine still doesg not
know whether it has nado contact with
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Scenario I Import of Scenario to Surface Ship
Command and Control Requirements

screening elements of the amphibious

force or vhether it has encountered an
ASY ship, or ships, that are detached
from the maip body, The surface force
itself 1s still unaware of the submarine's
presence,

0913:
The 5=kc echo ranging contact is going to
pass about 4 miles off the submarine’s bow,
t The sub cannot close it, However, the sub
has now identified 8 and 10=kc echo rang=
ing amid the increasing noise level coming
from the south, It correctly deduces that
its first contact was with an advance
screen unit, or picket, and that the maln
body is still to the south,

The sub knows there 1s a good thermal layer
at 90 feet, for it takes a BT reading

every time it dives or changes depth. Its
concealment from approaching surface ship
sonars would be considerably enhanced if

it vent below this layer, but it will re=-
main at periscope depth vhere its infore
mationsgathering activities can be most
satisfectorily carried out,

09163
Visual observation of ships to the south,
" Periscope reveals masts of three vessels,
» the nearest being at about 4 miles, The
submarine is still attempting to “sort
out¥ the noise level coming from the
south but has not been able to ascertaln
vhether there are heavy ships involved,
The gonarman is using various filters to
make different elements of the overall
acoustic signal stand out,

The relatively small Weclass submarine

is not especially constrained in this
shallow water reglon, as far as speed

and maneuverability are concerned, It

has some 200 feetof water under its keel
vhen it is at periscope depth, 1ilith a
layer at 90 feet, the sub probably wouldn't
have any special desire to go much deeper
than about 150 feet=wto get its super=
structure, etc., well below the layer,

85

CONFIDENTIAL




CONFIDENTIAL
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There are no pinnacles or abrupt depth
changes to be concerned atout in this

area, But the sub continues to move slowly
and cautiously, to optimize its ability to
obtain intelligence on the course, speed,
and disposition of the target. It recognizes
that the surface escorts! sonar ranges will
be rather short, and it desires to stay at
a8 reasonable distance while it sorts out
the target disposition., If it closes too
hastily it may find that it has closed

the wrong force and it may miss its chance
at the amphibious ships themseclves; it still
is not sure whether this is in fact the
amphibious force,

The informationegathering problem for the
submarine is acute, It is on its own now;
it has had no contact with the outside
world for a considerable period of time.
The passive sonar cannot present a clear
picture of the target, for it 1s now re=
ceiving signals from a multiplicity of
sources spread over several miles of ocean
area, The visual sensor is barely ele=
vated above a turbulent ocean surface,
and the few seconds of exposure time is
seldom productive of a clear and undis=
turbed examination of the horizon, for
the waves are high enough to block the
view at times, The sub recognizes the
shorterange utility of ECM, but its ECM
receiver doesn't scan frequencies very
rapidly, and mostly all it has been picke
ing up are surface search radar signals
from DD=type vessels, This still doesn’t
positively identify the amphibious force,
The sub has stopped using ECM now; it is
getting falriy close tc the surface force
and will risk exposure of the attack perie-
scope only,

The surface force also has a critical ine
formation problem, the best evidence of
vhich is the fact thaf: it is still comw
pletely unaware of the submarine’s presence,
The low cloud cover prevents effective
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Scenario 1 Import of Scenario to Surface Ship
Command and Control Requirements

visual search by alrcraft, and both sur-
face and aircraft radars have 1little cap=-
ability in sea state 3 agalust periscopes,
Sonar ranges, as noted earlier, are rather
short, and the submarine is still well out
of range.

0920:

The submarine can see five destroyer=type
vessels now across its bow, Three of the
five have moved north of the sub's present
position, The approach may have been a bit
too cautious; the surface force may be
slipping past, But the periscope can disw
cern several more vessels to the southwest,
apparentiy the main body, Range tc the
nearest ship of the lead row is estimated
at about &% miles, The sub will go dowm
to penetrate the screen nowj it would like
to come uip near or under the maln body,

0925:

The sub has been moving slowly southwest
for the last 5 minutesy at a depth of 150
fret, It heard the screws of a DD passing
very close overhead; the DD's echow=
ranging pattern did not changes, and the
sub thinks it was not detected,

0930:

Sub is still deery it can still hear war=
ship noises, Considerable heavy ship
noise now,

0035

Sub is coming back up, Though the enemy
submarine crew is schooled in sonar=only
fire control with singlespling active rang=
ing and no periscope exposure, the subw
marine will in this case attempt to generate
a visual fire control solution, This pro-
cedure is generally necessary to obvlate
the confusion ~xisting when making an
attack on a large ship formation,
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Scenario I

0937:

DD~14, a pouncer inside the main screen,
has sonar contact=erange 1,600 yards,
bearing 000T (main bcdy.is on course 350
and this is the basz course of the D),
This is by no means the first sonar con=
tact for the DDy false contacts are fair-
ly common and are usually resolved in a
few minutes, ‘The destroyer's SQS=30
sonar (10=-kc version of the SQ3=29) is
providing a rather strong echo, hovever,
(The sub inadvertently provided a beam
aspect, as it had failed to note the
presence of the pouncer,) DD=14 reports
the contact over the SAU CiI circuit and
is directed by the OIC to prosecute the
contact, DD=3, the nearest ship in the
main screen, is directed to assist; DD=3
is actually closer to the contact than
DD=14 but presently does not hold contact,

If the contact is in fact a submarine,
the situation is an urgent one. The
“submarine® is within about 4,000 yards
of the main body and within range for
torpedo firing, It probably would want
to get closer, and perhaps the DD's have
a little time to verify the contact,

0938;

As the sub's periscope clears the sur=
face, it observes DD=l4 off its port
bow, now about 1,300 yards distant; DD~3
is off the port stern quarter, perhaps

% mile distant. This is disconcertings
the sub has not been able to ascertain
the presence of the pouncer in the midst
of all the other ship noise, and it had
expected to sec only heavies ahead of it,
As the sub starts to dip its periscope,
it observes DD=3 beginning a rapid turn
to port.

The sub is now concerned that it may

have been detected, It has no specific
basis for this concern, as the DD=3's
turn may have been only a random one and
the DD's were both pinging on short scale

Import of Scenario to Surface Ship
Command and Control Requirements

In shallow water, since sonar ranges
are limited, the possible long range
detection providing early warning will
not be the usual situation and the

1600 yd, first contact range indicated
here may be more realistic than some
planners prefer to consider, Early
wvarning, long range, standoff weapons
do not conform with the facts of shal-
low water experience where maybe the
World Yar II conventional depth charge,
hedgehogs, and “bang weapons™ do, The
short range detection, the short range
weapon, and the element of surprise

are factors in shallow water ASY that
must be emphasized in ASY command and
control systems, The routine contact
report indicated here, DD=14 to OIC,

is hardly routine when detection occurs
at 1600 yards inside the screen and
the OTC must decide to prosecute and
who will aia the SAU in the prosecution
of the contact, who has enough ordnance
to "“unload®, or will it be necessary
to classify and save the ordnance in
case other possible subs are also oper=
ating in the same area,

all alongy there has been no change in scale,
But the cngagement at this point begins to
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Scenario

assume the aspect of a battle of wits,
The starting motors of the steam tor-
pedoes intended for attack on the main
body have been warmed up, and the firing
order only awaits the final set of in-
puts from visual observation, The sub,
now figuring that it has been detected,
concludes that it will not have an op-
portunity to develop & refined solution,
CO decides to fire a spread into the
main body while remaining fully sub-
merged; he will then attempt evasion by
proceeding toward the formation and try-
ing to escape astern of it, (If the
force were more lightly protected, he
would possibly attack the escorts and
then proceed with his attack on the main
body. )

0939:

DD=3 now has contact, range 1,000 yards.

0940:

DD=14 observes torpedo wakes off the
starboard bow, The DU is turning to-~
ward the torpedoes as an evasion meae-
sure, From knowledge of the approxie
mate location of the target and obser=
vation of torpedo wakes, the 0D cannot
be sure whether it is itself the in-
tended target or whether the attack is
directed toward the main body. The OIC
is advised, but the ships of the main
body will have snly about 1% minutes

in which to react, and this is not enough
time for the slow moving amphibious
vessels to take effective action, They
may direct gunfire at the torpedoes
(this is not farwfetched; it was
sometimes done in World War II).

0241:

The submarine is going to 10 knots and
descending to 150 fceet as it closes

the main body, However, DD~14 ts hold~
ing contact and has interposed itself
between the submarine and the amphibious
vessels, It 1s developing an urgent ate
tack to forestall the submarine's ape
proach.
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Scenario I

The destroyer's weapon selection prob-
lem 1s complicated not only by the ur~
gency of the attack situation, but also
by thie shallow weter factor. It has
Mk 44 torpedoes at its disposal, but
the use of the torpedo is questionabie
in 40-~fathom water, The situation ap-
pears to call for quick attack with
Hedgehogs and depth charges. but the
target is now moving fairly rapidly
and the effectiveness of these devices
is doubtful, The decision is made on
the basis of making the submarine fully
aware that it is under attack and forc-
ing it down, The DD will cross over
datum, launching Hedgehogs at 280
yards=~about the time that sonar con=-
tact is being lost due to ghort rangee=-
and will roll depth charges as it pro-
ceeds on over datum., It will then
circle and attempt to regain contact.

0945:

The sub is being rocked by the con-
cussion of depth charges exploding
overhead, Additional eXplosions occur
off the bow (as D=3 joins the en-
gagement, cutting shead of DD=14),

Sub is turning to divert to the south,

0947

DD~4, coming up from its screen posi~
tion to the south, is joining the en=
gagement,

0950

The sub has gone to 220 feet-«only 20
feet frow the bottomw=and is creeping
southward at 2 knots, It has been
under depth=charge attack continuously
for the past 5 minutes. The charges
are going off some distance overhead,
but their cumulative effect is begine
ning to create a fine spray of water
coming into the interior of the sub
in places around packing glands.
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Import of Scenario to Surface Ship
Command and Control Requirements

Active acoustic homing torpedoes have
not enjoyed success in shallow water
runs. Attack or. bottom or surface are
not uncommon. Acoustic torpedoes, too,
must operate in a reverberation backe
ground, Wire guided torpedoes, Mk 37
and the newer Ex~1C, may offer some so=
lutions; however the surface ship
launched Mk 37 has had problems in wire
separation. The concept of launching
acoustic homing torpedoes at submarines
inside the screen and among the trans!t-
ting group is difficult to reconcile
with the many adverse problems encounte
ered in bottom and surface capture,
ire guided torpedoes for sha'low water
with limited wire ranges, less than
6000 vazds, may offer some solution;
and i1f so, the contact and display tfrom
each launching vehicle (DD) must be
contemplated and accounted for in com=
mand and control planning for shallow
water ASY.
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Scenario I

The submarine 1s not aware that its
torpedo salvo resulted in two hits

on an LSD in the outer column of the
amphibious force; it can hear only the
repeated detonations of depth charges.
It recognizes that 1ts surface antagone
ists also can hear only depthecharge
explosions and that their sonar is in-
effective, Presumably they have had
no contact for several minutes. Tthen
the barrage ceases, the sub hopes to
move quietly off, staying close to the
bottom, and perhaps the DD's will not
be able to relocate it, The sub still
has an important mission. to complete=e
that of transmitting position informa-
tion on the present whercabouts of the
amphibious force,

0952:

The SAU cormander (DD=14) has directed
the three DDYs to terminate the depth-
charge barrage. They are about out of
ordnance anyway (current destroyercs
don't carry many depth charges). The

DI's will now endeavor to regain contact

and will continue to prosecute the con=
tact until directed to rejoin, The
submarine is probably not now & threat
to the main body, and even with the
low SOA of 10 knots the sub could not
overtake it again without a surfaced
run, But the surface forces recognize
the desirability of preventing the sube
marine from transmitting positional in-
formation to shore,
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The ordnance problem might not be g5
severe when coming into an area with
prepositioned ordnance for reprovision=
ing=But unless this is the case,
weapon status in shallow water can be

a problem, ‘hat weapons are available
for attack, where are they, and how
long to get them on target? The OTC
requlires that this information be kept
current if wasted ordnance is to be the
modus operandl instead of target classi=
fication, However, ASPECT fcr ASW
classification in shallow water may be
well matched with the limited dotection
ranges and could possibly be an aid to
the classification requirement, partie
cularly so for shallow water,
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4%, ASY SHALLOY YATER SCENARIO AND IMPORT TO COMMAND AND CONTROL
REQUIIEMENTS (II)

41,1 Coastal Convoy, This scenario, also from Ref, 4.1, is termed
“a coastal convoy™ since the discussion will concern the coastal and
shallow water area only.

There are 26 merchantmen, escorted by a half doZen DD and DE types.
As they near the Philippines, they have steamed some 8,000 miles since
departing Hawaii; they have been at sea for about a month; their 10-knot
SOA permits an advance of only 240 miles per day. The merchant ships
are steaming in elzht columns of three or four ships each, with 2,000=
yard spacing between rows and columns. The front of the convoy encom=
passces an ocean area some 7 miles across, Six escorts are operating in
a patrol area screen ahead of and flanking the main body.

It is thought of essentially as a coastal convoy even though deep
water is encountered falrly close to the Luzon coastline. The convoy is
well within range of friendly shore-based alr patrols and can enjoy VP
protection, .

After penetrating the Luzon Stratt, the convoy is still 3 days away
from Manila Bay. Somewhat different from Scenario I, “amphibious Force
Protection'| this coastal convoy continues to carry out periodic course
changes and to move in a.somewhat circuitous route, making it more difficult
fora youldwbe enemy submarine to get into attack position, 24 hours be=
fore arrival at lianila, the OTC will inform appropriate authorities of
his estimated time of arrival at Point Xee=this point being the seaward
end of the swept channel leading into the Bay. The swept channel will
be narrow and the convoy wiil enter in column, with escorts approximately
disposed in an entry formation. However, the force will maintain its
present broadefront configuration until it approaches to within perhaps
15 to 20 miles from Polnt X and will begin breaking formation at Point 0,
the exact location of which will be designated by the OCA. The enemy sub~
marine is attempting to operate in an area that is heavily defended b
U,S, foreess,

Assuming that Manila is a primary staging area and supply centez,
the enemy would recognize that U.S, logistics ships and warships would
have to enter and leave the port, The submarine still has as a major
problom the task of finding and closing targets. If it can put itself
in a position whers targets are forced to transit, this problem of finding
targets will be greatly reduced,

In the 1965 time frame, the enemy submarine would probably be a
diesel~clectric boat, It would therefore probably vctire from the arcea
for most of the night to snockel (or run on the surface) to recharge its
batterles, At pre~arranged times during the night it could receive Fleet
intelligence broadcasts that would cause the night snorkel program to be
modified,
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At sunset, about 1% days before the scheduled arrival of the cenvoy
at Point X, the enemy submarine that has been maintaining surveillance
off Manila Bay is preparing to leave station and proceed westvard,

On this night, the Fleet broadcast has alerted the submarine force
to a cenvoy of some 25 to 30 merchantmen with an escort of six destroyer
types that has transited the Luzon Strait and is heading south toward
Mant ia,

Heavy weather is in prospect and both the submarine force and the
approaching convoy are aware of the worsening weather situationm.

The night is uneventful for the convoy, still steaming southward
along the Luzon coast. At daybreak the next morning, the force is just
1 day away from its destination. The OTC has conveyed his ETA (0720
the following morning) to the authorities at Manila., The OTC has de=
signated his own ship (DD+2) as air control ship., He will exercise
tactical control of the shore based VP aircraft through the air control
officer. The convoy continues to procead scuthward through a gray sea
that is still only moderately choppy.,

During the day, the picket ship that has been on station some 10
miles ahcad of the main body falls back and joins the screen, DD=2
has in turn dropped back inside the sereen to undertake a “pouncer¥ role,
The OIC has determined this disposition, designed to provide defense in
depth as sonar conditions deteriorate,

The submarine by this time is endeavoring to prepare for the ap-
proach of the convoy, which it assumes will occur some time during the
night or early the next morning,

The weather is severe; it is raining very heavily, and winds have
created a state 5 condition for which sea keeping is marginal for de=
stroyers,
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Scenario II Import of Scenario to Surface Ship

Command and Control Requirements

0105:

The submarine's periscope observation
indicates that visibility is, for all
practical purposes,zero., It won't be able
to see anything until daylight, unless the
target is virtually on top of it, Sea
state appears to have moderated; there is
heavy rain, The submarine will surface

to conduct ECH searches; this is easier

and more efficient than staying at perise-

* cope depth, as long as there is no air
activity,
0200:
The center of the main body is now 40 As 1t is probably obvious to the reader
miles from Point O (the point at which from the preceding scenzrio, one very
the force will break formation),on course important aspect of aircraft in ASY is
130. The convoy will novw proceed in a to harass and keep the submarine off
stralght line, no more course changes, un- the surface wvhen the submarine is a
til it rcaches Point 0 at approximately diesel=electric type since this severely
0600, Point 0 is 15 miles west northwest limits its operations, Furthermore,
of Point X, the scaward cend of the swept most submariners contacted during this

channel, Vater depths on this last phasc study imply they like to use the peri-
of the transit are variable, but the force scope rather than sonar for a fire con-

will cross the 100efathom line for good trol solution, and will usually try to ‘
shortly before reaching Point O, get to the surface for a look, Aircraft i
further can function as an excellent cor l
0300: munication and data relay center since i
Sea conditions are considerably calmer it can get up off the surface to receive i
now, though heavy rain continues and and radiate EM energy to all ASH team ;
,“ visibility is poor, The present condi~- members, !
tions could probably be characterized as E
a sea state 4, with some waves up to 5

feet high and many whitecaps, Rain is

not slackening, Due both to weather cone
d* 17ns ard to the shallow water now being |
t»anited, surface ship sonars are having §
cousiderable difficulty, SQS=23~equipped '
vessels are taking measures, as described |
earlier, to reduce reverberaticn. But
nothing can be done to stop the quenching ‘
effect that is still manifested even in ‘
the slackening sea, and sonar screens are

a mass of light flecks, periodically

"washed out" by quenching. With visibility

near zero, surface search radars are operated

now primarily for position~keeping; they b
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Scenario IT

have no capability whatever, in this
weather, to detect periscopes or snorkels
(in the unlikesly event that some submarine
would be attempting to snorkel),

The submarine, too, is observing some
moderation in sea conditions, This has
both good and bad aspects from the sube
marine®s viewpoint, If conditions had
gotten any worse than they were a few
nours ago, the sub probably could not
have mede an attack even if it had been
able to locate the surface force, Howe
ever, it 1s now counting on adverse
weather to faclilitate its attack plans.
It has about concluded that it has little
chance of intercepting the surface force
on this black, rainy night, in the open
sea. It can’t sece more than a few feet,
literally; sonar conditions are very bad;
and EQY performance is inhibited by ate
mospheric conditions. The sub has decided
to enter the "hornets®! nest® just off the
seavard end of the swept channel and await
the arrival of the convoy, 1t is now re-
tiring on the surface to this area where
it will stand by, at periscope depth, in
35 to 45 fathoms of water. Assuming
present weather conditions continue past
daylight, the sub thinks it can get off
an attack from this point. (In very good
weather, with extensive air activity in
tine area, the sub would be dubiocus about
taking station so close in to shore and
in water depths such that it would be cone
strained in both depth and speed,)

04003

The main body has scie 20 miles to go be-
fore reaching Point 0; that is, the gulde
ship in the center of the first row in the
main bedy is 20 miles away., Some screen
ships are 3 or 4 miles closer, Sea cone
ditions have continued to improve, which
will facilitate the execution of thc come
plicated maneuvers that will begin at
Point O,
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Scenario Il

Low frequency sonars, both SQS5-23 and
8QS=29, arc likely to provide many non-
submarine contacts in shallow water, and

it may be assumed that the escorts are in
fact picking up such false contacts, ‘hen
they do, the first reaction will be to
check the wreck charts., Unfortunately, it
is difficult to pinpoint contacts accurate=
ly enough to identify a given contact posi=~
tively as a wreck, Also, in poor visibility
the ship®’s own uncertainty as to its posie-
tion may make it difficult to determine
precisely where it is relative to the known
position of the wreck,

If submarine contacts are generated now
the convoy will continue to steam directly
for the breakup point, To attempt evasion,
with this slow and awkward merchant ship
formation, would only increase exposure
time and perhaps give an enemy submarine
a better opportunity for reattack.

0410:

The submarine still has no contacts at all,
Sea conditions continue to improve, and the
tremendous strain involved in maintaining
depth control at periscope depth is moder=
ating, The sub has periscope and ECH mast
up all the time. now (it is aware that there
is still no air activity) but hasn’t gen=
erated any contacts,

0415:

The convoy continues to experience steadily
improving sea conditions., However, search
sonars are still not providing anything ap=
proaching thelr deep water csgpabilities,
Reverberation is severe for all scnars in
the relatively shallow water through which
the force is moving., It is difficult to
generalize about detection ranges in this
shallow water environment, but a reasonable
guess is that detections at ranges greater
than 1,000 yards are most: unlikely,
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The SQS~26 will probably bte plagued

with even more non=submarine target
problems than the SQS-23 and 29 series.
“lith better signal processing against
reverberation,more targets can possibly
occur, which may be the most serious prob
lem to future SQS=26 operations in shale
low water, If so, present position of
known wrecks, which for the South China
Seas are now stated in a catalog, will
need to be known and correlated accurate:
How much error can be allowed between
the suspected false target and suspected
enemy submarine? This is important

but was not resolved during this requirer
ments study, False targets from the
bottom are peculiar to shallow viater ASY
operations and there is a definite re=
quirement to provide the capability to d
ferentiate between knowm false target
and suspected target positions., These
positions must also be knowmn rapidly,
since as mentioned in the previous scena:
the transitting force cannot 1in general
be rerouted away from danger while the
contact is investigated,

This is a sad but accurate commentary on
shallow water sonar systems, judging fron
a review of operational results, Our cut
rent capability in shallow water, due to
reverberation, propagation lossyand dis-
plays,is only good compared to iorid Yar
II, And even worse,the capability to
assess how poor the detection capability
{range) is in shallow water is nonwexistc
Predicting sonar detection range (ESR)

in shallow water is not an in-=Fleet cop=
ability today., Even in deep water the
ESR prediction has been found wanting
and some fleet operators suggest that it
be measured,

-~
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0530:

The submarine has a contact at last.

Sonar reports ship noise, a noise level

in the quadrant bearing 270 to 360.

Can't pin it down any better, There ap~
pears to be more than one noise source,
The noise is in the form of a rumble,

like that of a freight train, that probably
represents ship noisej but sonar can't as~
certain whether it is from a group of
“heavies® or not,

0535:

Sonar now holds the
sonar, echo ranging
about 295, ECM has
ing over known U,S.
picked up anything,
but that is not surprising as visibility is
still near zero,

“ehirp' of a J=kc

at a true bearing of
been carefully search=
frequencies but hasn’t

Meanwhilc the convoy has been advised that
it will have some air support during the
last hours of its transit after all,
Planes have been in a standby condition
most of the night, awaiting improvements
in weather conditions, The OIC is now ad-
vised that the two skimmerescrapper teams
will not operate as suchjy rather the S=2%s
will be placed under the OTC’s control for
progacution of close=in sonar contacts
(since sonar contacts are expected to be
frequent in the inshore enviromnment), The
alrcraft cannot use JULIE for localization
and classification of contacts, and they
are not configured to carry the 55Q=15
active sonobuoy, which has some shallow
water capability, Their primary sensor
against submerged submarines will be MAD,
though MAD also is degraded in shallow
water, These two alrcraft will rendezvous
with the convoy at 0600, A detachment of
three more S=Z aircraft is currently
commencing MAD sweeps through the channel,
as the minesweepers have now completed
their work in the channel, After complet=-
ing their sweeps, these alrcraft will take
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Still nothing in sight,

Import of Scenario to Surface Ship
Command and Control Requirements

Tithout any useful sonar detection cap=
ability in shallow water the aircraft ca
alvays assist as a visual ASYW platform
and relay station, The frequent sonar
contacts as suggested here in the Scenar
are experienced operationally, but to pro
pose MAD as any more than a partial solu
tion is not justified. MAD too is sus=
ceptible to wrecks and inshore magnetic
environment (possible magnetic noise due
to nearness of large geological forma~
tions). Also aireraft navigation as a
relative position measure is no better,
if as good as, shipboard for differentia~-
ting between position of a knoun wreck
and the position of a possible contact,
Note! Using MAD techniques with mine
countermaagsures is not too applicable,
Mine countermeasures using magnetic
tracking devices generate magnetic field
vhich distort MAD readings., During
operations considerad here with the minc
counternmeasure forces in conjunction wit
the ASW forces,a real need for coordin-
ating nine sweeps and aircraft MAD oper-
ation will be a requirement.

boae e

LaL o S U




CONFIDENTIAL

Scenario I1

station in the vicinity of Point 0 and will

also be at the disposal of the OIC for
prosecution of contacts.
ASY helicopters (SH=3A) have begun dipping
operations at Point X and are sweeping to-
ward Point 0, They will report tc the air
control officer and may be utilized at the
discretion of the OTC during the entry,
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Three shore=based

Import of Scenario to Surface Ship
Command and Control Requirements

Mine countermeasure. forces can provide
scme ASU capability in shallow water and
as such should interface with shallow
water ASY forces, This brings a distinct
facet of shallow water ASY unrelated to
deep water AS'] operations of which comman
and controsl requirements and technology
mugt be aware.

The mine countermeasure ships use high
frequency sonar for mine hunting that
have ranges on small mines to as far as
500 yards and on submarines,with much
larger target strengths, this range may bc
increased. (The SQQ~14 uses 80/kc for
detection and 380 ke for classification.
Much higher frequencies are used for
cther mine hunting systems but they are
range=~limited and not considered.) These
mine countermeasure ships can surely helyr
perform localization and classification
in shallow waters. Furthermore the rela-
tive navigation accuracy requirements for
mine countermeasures operations, in gener
is much higher than for the ASY forces.
This accuracy will be available for ASY
ships,which may be necessary in shallow
water for false target classification.
Many of the false target problem areas in
shallow water can conceivably receive a
very large assist from these mine counter
measure forces, Here then is ancther in-
terface problem of large proportions and
importance to command and control technow
logy: the transfer of information from
the mine countermeasure ships to the ASY
ship pertaining to target detection,clas«
sificationylocalization,and possible weae
pon cholce, The mine countermeasure forc
will in gencral be part of most any naval
operation in shallow water near enemy
shores and can provide a real ASY service

-
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0540:
As the convoy begins to react to the ime
pending arrival of air support, the sub=-
marine is attempting to develop further
information on the contact gained 10 min~
utes earlier, Both ship noise and echo
ranging are very noticeable now, flooding
the sonar over a bearing banduidth of more
than 90 degrees, But the sub still can‘t
see anything, As the sea continues to grow
} quieter, depth control is easier, and the
sub has ascended to a point vhere the top
of thesil is nearly awash, in order to
increase the periscope height and obtain
a better view, There is a dim gray light
over the land areas to the east but this
is not much help to the sub, looking west,
If the weather were clear, a rising sun Again in the Scenario the short range us
would highlight masts and superstructures at for wcapon launch is emphasized., At thi
considerable distances, but the heavy over= range even a slow 30 knot torpedo will
cast that still prevails will mean poor permit only two minutes of evasion or

visibility even after sunrise, The sub
decides it cannot improve its position by
maneuvering; it will await the approach
of the surface force, If there is an en-

gagement, the sub will have to close to short

range-=probably not much more than 1,000
yards~=to firec salvos of torpedoes.

05503

The convoy is still steaming in an unchanged

formation, still on course 130, Point 0

is about 1 mile from the leading row of the

main body, and a redisposition into the
entry formation is about to bagin, All
escorts are experiencing very poor sonar
performance, and sonarmen are taking meae

sures to reduce the gain and darken scope,

(Scnarmen are sometimes criticized for
darkening the scope too much and thereby
giving up potentially useful information,

but in these conditions the desirability of

a darkened scope is enhanced,)

countermeasure time for the ship under
attacky 1i.e,, total reaction time can
only be one minute, Accordingly, response
time becomes an even more important
parameter under the shallow water 1limie .
tations assumed here.

At this point the scenario again indicat:
the experience of the operating forces
with reverberation problems during exer=
cises,vinich at times reduce the useful-
ness of sonars in shallow water to almost
zero, The reference here to a darkened
scope implies the operators are attempti:
to eliminate some of the numerous spots
appearing on the display, indicating acou:
tical returns from all over the area rat!
than just from the target. This is the
general reverberation problem, The nu=
merous spots on the scope are an indica=
tion that the echo levelf reverberation
level is small indeed., This parameter,
echo level/reverberation levelyis not
necessarily constant with range and ther:
could be a best range for search depende
ing upon the bottom slope, type, grazing
angle, and operating frequency.
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Import of Scenario to Surface Ship

Command and Control Requirements

0600:

The sub is still searching visually for a
target. WNow it finally discerns something,
perphas a little darker than the darkness
of the sky. Once located, the tavget is
identified with more assurance as in fact

a ship, Stadimeter range deternination is
not feasible, but in view of the fact that
the sub can see the hull, as distinguished
from merely masts or superstracture, and
further in view of the apparent lateral di-
mensions of the hull, it is likely that the
target is not more than 2 or 3 niles distant,
Steering the listeming array to the precise
bearing of the target, the sub's sonarman
can pick out 10=kc echo ranging from among
the confusion of ship noise now flooding
the sonar, The sub will continue to wait]
the massive surface ship formation will
require considerable time tc break forma=
tion and even vhen the first “heavy®. passes
point X, it will probably still be almost

2 hours before the last one enters the
channel, The sub figures it has plenty

of time, and it expects to take advantage
of early daylight to facilitate its fire
control solutions,

0612

The sub can sce several ships now, as
lighting conditions improve. Houever,
contemplation of these potential targets

is abruptly interrupted by the sudden on-
set of 10-kc echo ranging on the submare
inc’s beam, on the port side, loud and
clear. The sub had nelther seen nor heard
the helicopter that is immediately recoge
nized as the source of the echo ranging.

it is visible cnough as the CO swings the
periscope toward the bearing, just before
ordering “dowm scope." The sub cannot go
desp here, for there is a maximum of about
40 fathoms of water; but it will go to

150 feet (keel depth) and hover, It was
only making 2 knots, just enough to maintain
steering and depth control, but will increase
speed in order to hasten the deptn change

by making use of its diving planes.

100

Helos, as surprise sonar platforms
when other background noise is high
from a convoy or ASW force, provide

as
an

excellent pouncer platform, Once they
have a target they may need to communi~
cate or direct a weapon-carrying vehiclc

to the target to provide the kiil,

Alw

though some currently carry weapons,
their bast use is to hold the contact
and direct another ASY platform carry=

ing several weapons (torpedoes), or
direct another Helo in to drop its
weapOlL,
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The helicopter that was the source of the
submarine®’s discomfort has indeed gained
a detection, Range is 600 yards, probably
accurate to within plus or minus five per-
cent, The northestabilized dipped sonar
gives a true bearing from the helo as 350,
The helo cannot simply turn toward the
datum and cloge the contact. Before it can
move, it nust get the dipped sonar clear
of the water (winch speed is 5 feet per
second and 1f the helo is using all 150
feet of available cable, some 30 seconds
? would be required to retract it completely,
however, the helo can move out of the hover
position as soon as the sonar is clear,
and before it is fully retracted). The
helo can hover only into the wind, and
when it shifts from hover to forward fligat,
it nust head into the wind., It must build
up an indicated airspeed of 60 knots be=
fore it can turnj otheruise it may fall in-
to the water. $o the helo wiil actually
have to head away from datum for a few
seconds, then turn in such a way as to
come up on datun from downwind, It will
still require 30 seconds or more to re=
assume a hover position and again lower
the sonar into the water, Thus a signal
helo is unlikely to attempt to pursue and
attack a submarine contact; rather, its
tactics will be designed to tract the con=
tact while bringing other units into the
picture, (Of course, if contact is visual,
so that classification is clear and the
target is located precisely, the helo may
proceed immediately to datum and release
a weapon, But with a sonar cor~act, fur-
ther evaluation and the participation of
other units are most likely.)

0613:

The helo has advised the air control At this point in the scenario the tare-
officer aboard DD=2 of its sonar cone get classification problem is again mad
tact., This is not cause for immediate very evident, In the future the classi:
excitenent or frenzied activity in the fication problem, rather than reaverber-
destroyer’s CIC; there have been a nur~ ation, may be the most critical problem
ber of sonar contacts in the last couple in shallow water ASY wnen sonars like
of hours and all have been disposed of, the SQS~26 with increased capability fo:
vith varying degrees of certainty, as signal processing become available.
nonsubmarine, 3onar contacts are to be Contrary to the many varying comments
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expected in shallow water, and the odds
are that this one is another false alarm,
However, the air control officer reacts

in an appropriate manney. He dirscts an
S~2 to proceed to the assistance of the
helo, The nearest escort is about 4,500
yards from datum and is presently turning
awvay to take its place in the entry screen
barrier, This is DE=6, an SQS~23=equipped
destroyer escort with DASH, ‘leapon A, and
acoustic homing torpedoes. The OIC dew
cides, however, that his own ship, DD=2,
is better configured for the kind of ure
gent attack that will be dictated if the
contact proves to be a valid one, There=
fore D=2, in a pouncer role, will move
in on the contact if further assessnent
indicates a reasonable possibility that
it is in fact a submarine, and DE=6 will
assist, (This will require the OIC to
delegate his overall responsibility for
maneuvering of the force to another ship,
for vigorous prosccution of a submarine
contact with hls own ship will requive
hig full attention, But, DD=2 is con~
siderably better placed, at present, to
prosecute the contact if this is necessary
than is any other ship with SQS=29 sonar
and shortsrange weapons, )

0614:

The helo hasn't moved yet, It has cone
tinued to ping on the target and has picked
up doppler effects indicating target move=
ment, The target moved west, into the
wind, but now appears to be stationary,

or nearly stationary, Perhaps the doppler
indication was imagined; possibly the target
is indeed a stationary objectw=a wreck or
pinnacle, {The noisy, vibrating helo is
far from an ideal platform in terms of pro=
viding a quiet, stable environment for
deliberate assessment of sonar output, Be-
cause of the weather conditiongewoperating
the helo at all in this weather is a diffi-
cult businezs-=the alrcraft is carrying

a three=man crew instead of the usual four,
The assistant sonarman was left on the deck

to reduce weight, and there §s only one
sonarman aboard.s Bearing o. the contact
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on the large power source of the 5$QS=26
and its negative cuntributions to the
reverberation problem, this may be
partly solved with improved data pro-
cessing, but the SQS=26 may have a much
more severe problem in classifying the
many multiple targets detected in shal~-
iow water operations, Classification,
alvays a problem ini deep water,will be=
come much more severe in shallow water
tith longer range detection systems,

As is evident here, & very important
decision is now made mandatory since
classification is not positive=-=i.e.,
the OTC has delegated hls overall ASY
responsibiiity to another commander
and has taken on the role of a sube
ordinate SAU Commander, Without a
positive classification he is prepared
for the worst, an cnemy submarine, and
decides his own ship is best equipped
at the time to nullify this threat,
All this because he is not surew~ls

it a submarine?~~In shallow water his
convoy cannot evade, he must take
every precaution, and in this case,
assign his omm ship to the datum,
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has moved over to abcut 340, range 680
yards, The $=2 is flying over datum to
attempt a M.:D confirmation,

0615:

S$=2 has obtained MAD contact, This still
doesn't prove arvthing conclusively; any
sizeable metallic object or bottom anomaly
could cause the needle to juap., The S=2
will circle and come over datum again,

The gub, meanwhile, is hovering at 150
feet, with 90 feet of water under its keel.
It doesn’t want to go dovm and sit on the
bottom, as it might damage its chin=mounted
electronics, It can hear the helo still
echo ranging, but is otherwise unable to
keep track of what is happening on the
surface, It is wiliing to hover here for
a prolonged period, as it still expects to
have plenty of time for attack on the
convoy,

0616

S=2 has another MAD contact., Aboard DD-2,
wreck charts have been reexamined; there
does not appear to be anything charted that
would explain the contact. But the contact
is still classified as “possible® sub=
marine, not ¥probable%, Aircraft have
been briefed to carry out attacks on pose
sible contacts only in accordance with
particular tasks as directed by the OTIC,

The breakup of the convoy is under way,
The screen has already begun a reedisposi-
¢ on, If the contact is a submarine, it
is positioned where it will constitute a
cor.inuing threat to the entry operation,
The incoming coavoy will pass very close
The OIC decides that an
attack is warranted, and so advises his
air control officer, who, in turn, advises
the helo, which stil! holds contact and ls
directing the Se2,
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The comparison of an estimated submare
ine target position in shallow water
with a wreck chart is a very gross
comparison, To be sure, the positinn
should be resolved at least to sube
marine length (300 ft or less), And
even then it is doubtful that a high
degree of confidence in classifying

a false target “yes or no®™ will be
attained, This again is a peculiar
shallow vsater navigation, position
plotting, and classification problen
that must receive high priority, or ex=-
cessive ordnance should be available,
In shallow water the suspected submar-
ine cannot be avoided,
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0618;

S»2 is coming in on the iiAD mark for a
depth-charge attack, The aircraft has

a mixed ioad of llk 44 torpedoes and Mk

54 depth charges, but the use of the tor=
pedoes is thought inadvisable because of
water depth. The aircraft drons three
depth charges across datumj depth charges
are pre=set to explode at 50 feet, (Us~
ually these charges are ineffective unless
the sub is shallow enosugh to be visible,
or unless it has at least a periscope ex-
posed, However, visibility is still too
poor to see anything unless the sub was
actually awash, and it seems unlikely
that it could be very deep in view of the
40~fathom water depth,)

0619:

Sub is rocked by denth charges going off
overhecad, Quick evaluation indicates no
apparent damage, The attack ilas cleariy
very close, however., The submarine is now
confronted with the question of whether
to clear the area and defer its own ate
tack plans for perhaps an hour or so, or
wvhether to remain where it is and hope
that it can still lead the attackers to
believe that it is some sort of non=-sub
contact, It has no way of knowing what
degree of certainty is attached to the
classification made by the air and sup=
face forces opposing it. By making an
effort tio clear the area, it may provide
additional classification information to
the attackers, thereby helping to resolve
a doubtiful classification and increasing
the likelihood of further attacks, But
if it merely remains quiescent, it may
undergo repeated attacksy clearly the at-
tackers have pinpointed its present locaw~
tion,

The sub doubts that it will be left alone,
The chances that it will be able to return
to periscope depth to carry out its own
attack plansg would appear to be greater
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The torpedocs are not only easily bottor
or surface captured and reverberation
limited but thew also have little target
discrimination., Enabling an acoustlc
torpedo against a submarine target in
shallow water amidst a convoy 1is a
dangerous weapon commitment, ‘lithout
positive control owver the torpedo, a
convoy ship could easily become its
target, The submarine cannot he very
deep in shallow water, and althcugh tor-
pedoes have ceiling settings, they can
run very near or on the surface whoen
the ceiling switch malfunctions.

Wire~guideu control of the torpedo in
shallovw water from a sonar display, and
a possible false target planted near
the suspect target for bearing guidance,
could offer a solution, This is the
LORELI concept, and should be considerec
for shallow water weapon control and die«
rection,
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if it can change its positir-. It de~
cides to make an attempt to close the ap=
proaching convoy and get under it. There
will be a tremendous amount of noise in
the water, confusion of ships maneuvering
to break formation, etec, This may be the
safest place for the sub, and probably will
also be the most feasible course to take
to develop its own attack., It will move
due west for about 2 miles to see whother
it can loge the helicopter. Sub will re-
main et 150 feet and go to 6 knots (higher
speads may be hazardous as the sub isn’t
absolutely familiar with the bottom topo-
graphy).

0621:

The helo is settling down over the last
known datum, hovering into the wind and
lovering its sonar transducer again, As
echo ranging begins it pnicks up the target
once more, bearing 280 true, range 750
yards, distinct dowm doppler. The target
is moving, This adds further credence to
the judgment that it may indeed be a sube
marine, The OTC is so advised, and decides
to take further action. DD=2 is now about
4,000 yards from datun. The destroyer
will proceed to datum in company with DE=6,
vhere it will assume direction to further
action against the contact.

0625:

DD=2, being gulded to the contact area by
the helo, has snnar contact, range 1,300
yards. This is a fairly long range, in
view of water condltions, but knowing wherc
to look is very helpful, The DD is getting
an up doppler and estimates the speed of
the contact as 5 knots, course 270,

06272

Range 600 yards. The DD has directed the
helicopter to secure its sonar and proceed
astern of the ship and upwind, to carry
out dipping operaticns between the ship
and the maln body, which is beginning to
break up and form a column about 3 miles
astern,
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This is clearly an urgent attack situa=
tion, vhile there is still no positive
evidence that the contact is a submarine,
the various indications suggest that it
may be. If it manages to get among the
ships of the convoy it can do a great deal
of damage; ships are highly vulnerable dur=
ing the interval between breaking forna-
tion and entering the swept channel. The
DD will make every cffort to keep tine sub
down or destroy it,

0623:

DD=2 is carrying out Hedgehog and depthe
charge attacks over datum, Like the helo
before it, the destroyer is dubious about
the utility of homing torpedoes in this
shallow water environment. Anyway its
overriding requirement at this point is
to keep the sub down and prevent it from
maintaining its present course toward

the convoy, The depth charges, even if
they don't actually destroy it, will at
least “disturb its equanimity® and porse
haps break up its aggressive plans,

0630:

The sub is experiencing another series
of shocks from exploding depth charges,
Also, the Hedgehogs are golng off as
they impact on the bottom, The sub is
apparently undamaged, but the cumulative
effects of depthwcharge attacks are
probably more significant than a single
chance hit, However, there is always
the possibility that one of the massive
charges will detonate in direct proximity,
and if it does, that will end the action,
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The possibie loss of a ship at this
time requires the OIC to make another
declsion that is unique to shallow
water ASY operation, Yas it a mine or

a torpedo? 1If a torpedo, there is

“a wolf among the flock® and every
suspect must be attacked., If a mine,
must the mine countermeasurcs forces
provide still more sweeping and hunte
ing? The interface between the mine
warfare countermeasures and the shal-
low water AS'i forces becomes morc obe=
vious when these decisions must be
made, That mines are possible?==
moored fleating, bottom buried? Are

the mine countermeasures forces cogni-
zant of a possible enemy submarine?

Has a suspect been noted? %hen?

Yhat are the position accuracies of

the present kaown torpedoed or mined
ship in respect to mine countermecasures
possible mine positions, or enemy sube
marine? These arc not trivial question
in the context of a real engagement

and could present the OTC with the most
frustrating and impcrtant declsion of
his entire mission,
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Appendix A
THE ASY FORCES AN THEIR COMMAMNDS

A.1 ASW Organizational Commands (Ref., A.1). The tactizal
comnand and control of ASW forces considered in the main section
of this report began at the command ievel of the Officer in
Tactical Command (OTC) and extended dowm through the ASYW Command-
er (if so designated), the Screen Commander, the Search and
Attack Unit (SAU) Commander, the Contact Areca Commander (CAC), to
the ASY Platform Commander,

Although the main study was not addressed to ASY commands
above the OIC, the overall ASW forces and their command above the
OIC are outlined in this Appendix for a limited understanding of
overall command responsibility. For a more complete discussion
on ASY command responsibility, see Ref. B.l, which covers the
Operating Forces of the Navy,

The Organizational Commands comprised for Antisubmarine
Operations are:

The Chief of Naval Operations

The Fleet Commander in Chief

The Fleet Commander

The Sut~Area Commander

Sector Commander (if required by the Sub=Area Commander)
Supporting Commanders

These command relations are shown on Fig, A.1, ¥ASY Organi-
zaticnal Co.xmands, '

A, 2 ASY Unified Command Responsibility, CINCLANT and
CINCPAC are responsible for the overall coordination of antisube

marine operations throughout the Atlantic and Pacific Oceans, the
western and eastern portions respectively of the Indian Ocean,
and their contiguous waters, Thesc commanders in chief, in co=
ordination with adjacent commanders in chief, are directed to de=
velop overall plans to provide for the bast utilization of avaii=
able resources for the conduct of these operatiors against eneny
submarine threats in any specified area, Commanders of adjacent
unified commands submit their plans pertaining to ASY in their
areas to CINCLANT and CINCPAC for integration intc the overall
plan,

A.21 ASW Cemmand Relations in the Atlantic Fleet,
Cormander Antisubmarine Warfare Force, U, S. Atlantic Fleet, is
the commander under CINCLANIFLT responsible for defensive and
other designated operations,
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Conmander ASYFORLANT directs the submarine investigation
efforts of sub=area commanders other than USCOMEASTLANT and co=
ordinates with USCOMEASTLANT in accordance with the current
CINCLANTFLT INSTRUCTION 03360.5.

COMSUBLANT conductg submarine, antisubma¥ine operations and
other operations as directed by COMASYEFURLANT,

Gommander Barrier Forcess, U. S, Atiantic Fleet (COMBARFORLANT),
is responsible to COMASWFORLANT for the conduct of barrier opera-
tions in the Atlantic Command area.

Commander Hunter=Killer Force (CORMHURFOR) (CTF 83) is also re=
sponsible to COMASWFORLANT for the conduct of barrier operations in
the Atlantic Command area.

COMHUKFOR (CTF 83) is also responsible to COMASWFORLANT for
tasks as specified, relating to the eripployment, training, and readi-
ness of assigned antisubmarine carricr groups and for the development
of 4/S carrier group tactics, doctrines, and procedures,

COMASYIFORLANT is assigned additional duties as COMOCEANSUBAREA
(CTF 35) and Commander Close=In Defense Force (CTF 81).

A,22 ASY Command Relations in the Pacific Fleet,
CINCPACFLT exercises cantralized direction of ASY operations in PACOI]
through COAS'JFORPAC, COMFIRSTFLT, and COMSEVENTHFLT.

COMPACFLT directs the ASW operations of PACFLT forces through
COMASTIFORPAC and the numhered Task Fleet commanders, COMASWFORPAC
serves as the principal advisor to CINCPACFLT in all matters per=
taining to ASY and control and protection of shipping. The PACFLT
OCA's are elements of the ASWFORPAC task organization and hold task
force designators in the 30 series., Task force designators in the
30 scries are used exclusively for ASY and control and protection of
shipping for operational purposcs in PACKLT.

A.3 Contacts with Unidentified Submarines. COMASWFORPAC has
the overall responsibility for investigating incidents involving
hostile or unidentified submarine contacts. He exercises this rew
sponsibility thrcugh the Operational Control Authorities (0CA); who
have cognizance for all incidents in their assigned area,

Under Fleet Commanders in Chief are Sca Frontier Commanders
and certain other Naval Commanders who serve as Operational Control
Authorities (0CA). These latter commanders are charged with the
control of the movements of U, S, and designated Allied merchant
ships ¢% sea within their respective ocean areas as follows, In
both Fleets this overall command responsibility is assigned to Come
mander ASY Forces,
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A.31 Atlantic Command,

CINCLANTFLT OCA (Ex~-Officio)
a) COMASHFORLANT OCA (Ex=Officio)
1) COMOCEANSUBAREA OCA
2) COMEASTSEAFRON OCA
3) CCHCARIBSEAFROH OCA
4) COMSOLANT OCA
5) USCRYEASTLANT UCA

-

A.32 Pacific Command.

STICOLCETE OCA (Ex-Officio)
a) COMASWFORPAC OCA (Ex~Officio)

1) COMNAVDEFEASTPAC OCA
2) COMALSEAFRON OCA
3) COMHAWSEAFRON OCA
4) COMNAVFORJAPAN OCA
5) COMNAVMARIANAS OCA
6) COMNAVPHIL OCA

110

CONFIDENTIAL

s




CONFIDENTIAL

Appendix B ;
ASY SYSTEMS AND SUBSYSTEMS .

B.1 General Ship Characteristics for ASW., The largest ships
doing ASY duty are the CVS Carriers which serve as mcbile bases to
support fixed=wing ASU alrcrafr. These carriers normally operate
at about 15 knots and can operate at sustained speeds in excess of
30 knots. The alrcraft complement is given under “ASW Atrcraft,®
Section B.4.

The workhorse of surface ASY operations is the destroyer and
destroyer=type ships., Destroyers are designed to perform several
Naval tasks, and all are designed to perform AS! functions, Although
these ASW ships are not necessarily configured for ASY operations,
their required equipments and weapons for submarine detection and L
kill are many and costly, ’

g %

~ N

B.11 ASY Ships Relative Size and Speed. The largest ASY
ships are the Frigate type, DL and DLG, with cruise speced at 20 krots

and maximun sustained speed of approximately 35 knots. Cruisers,
which may operate independently, also operate with ASYW forces; but
usually they do not operate as members of a surface screen, and as
such are not included here,

The next class size, the Destroyer DD’s, DDE*s, DDRs, and DDG's,
have cruise speeds around 12 knots; but like the larger Frigate Class,
some classes can operate at maximum sustained speeds near 35 knots,

The smaller patrol-type ships, the DE's, DEG's, and DER's, oper=
ate at various cruise specds 10 through 20 knots; and future DE's in
the current building program will operate at maximum sustained speeds

" in excess of 27 knots,

B,12 ASW Surface Ship Classes,*

B.121 The Destroyer Types most common are the
destroyer DD's (Gearing, Sumner, LaVallette, and Sherman classes),
Mitscher class frigate (DL), escort destroyer (DDE), radar picket
destroyer (DDR), and escort vessel (DE).

These destroyers are %orld Var II ships for the most part, All
of the DD=931 class are poste=war construction. The FRAM I conversion
provides the old DD's with SQS~23 sonar and ASROC (AS Rocket Launched
Torpedo), The FRAM II conversion provides them with SQS=29 sonar and
DASH (Drone AS Helicopter)., The more recent ships, the DDG's, mostly
have the SQS«23 sonar and ASROC,

*Swe Tables B,1 and B,1' for more complete details,
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B.122 'The Fripateg arc the largest of the destroyer
types. They are capable of maintaining acceptable speeds vith a
carrier in high sea states., The smaller DL=2 and DL=4 frigates arc
being converted to guided missile destroyers (DDG's). The other
frigates will acquire Terrier or Tartar missile systems and become
DLG's, Plans are for 10 ncw DLGN's by 1975,

The prime mission of the destroyer and frigate groups is to
operate offensively with strike forces and hunter/killer groups in
support of amphibious assault operations and to screen support forces
and convoys against submarine, air, and surface threats, The DL and

4 DLG classes have the additional capability of working independently
from these forces, The secondary missions of the destroyer arc essen-
tially tiie same as those of the patrol craft,

-~

B, 123 The Patrol Craft group noted in Table B,1 will
be the maln construction effort for future ASY surface shipping.
This is the iuproved DE~=class ship. Tne early DE's were much smaller
than destroyers, about 2,000 tons, vhile the newer construction is
much larger and can mount SQS~26 sonar, ASROC, and DaSH. Prescent
plans arc for 123 new DE's and 14 new DEG's by 1975. Those craft
have ASW as a prime mission., The DE's and DEG!s generally provide
screens for support forces and convoys, The DER's also provide
early warning of airborne threats, Patrol craft secondary missions
include search and rescuc, limited air control, electronic intelli-
gence and hydrographic and oceanographic survey data.

B,13 Scarch by Surface Ships for a submerged subrarine
over an extended period is usually more suitable in small areas
than search by aircraft. The surface ship has a lover rate of search
and visual ranges are iess than for fixed=wing aircraft, but the
¥ datum will be more accurately located vhen the submerged submarine is
~ detected, The ship has the capability of remaining on~station for a
much longer period than is possible in the case of alrceraft, but
visual scarch is difficult from the surface because the submarine
normally will detect the ship in time to dive before being detected,
Single surface ship search is seldom uscd becausc the initlal detec-
tion range 1s limited,

Many types of ships are assigned the role of ASW duty, Thase
ships possess four features vhich readily fit them for this role.
They have an all=weather capability which allows them tc remain in
the Ycontact® area in the most severe weather. They have the ability
to remain with a contacc for days, or weeks, at a time, They may
work either offensively with a HUK group or defens!sely with a convoy.
And finally, they arc the only ASY surface units carrying all the
weapons and systemg necessary to conduct a complete attack on a sube
marine,
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The greatest advantage the destroyer has in A3l is that it can
operate on the interface betueen the submarine and the aircraft.
The destroyer can be the basic unit coupling these two in operations.
It can use themost advantageous ASY techniques and sophisticated de-
tection systems used by both the submarine and the aircraft, The
destroyer as a passive sonar listening platform is probably not as
good as the submarine since it is much noisier and operates on the
surface; however, the destroycr communicates much better and can
relay its information to other members of the ASY force, wihich cure
rently is not an atvribute of the submarine.

The primary means of submarine detection from ASYW surface ships
) is sonar, Although ASY ships are also equipped with surface~sezrch
radar and air-search radar for their own early warning against air~
craft or for surface surveillance of ships, secldom are submarine
targets detected by surface ship radar,

-

B.2 ASY Surface Ship Hulle-dMounted Sonar.* All ASY ships have
sonars installed as their only means of detecting underwater objects,
particularly enemy submarines., The oldest non=-FRAM DD's still have
the SQS-4, The newest ships and those in building have the $QS=26.
All others either have the SQS~29 series or the $QS=-23,

Three types of surface ship sonar, hull-mounted active sonar,
variable depth active sonar (V¥DS), and passive sonar, are available
to the Fleet today. Only hull-mounted and VDS will be discussed herec.
Passive sonar is incorporated in some hullemounted active systems;
and with futurc plans for developments, the number may grow. Some
current ships carry both hull~mounted and VDS equipment, and an ine-
crease in nunber here i$ also planned for the future.

8,21 Hull=Mounted Active Sonar, The principal types of
" operational hullemounted sonar used by major ASY surface ships today
- are the AN/SQS~29 series, the AN/SQS=23, and the AN/$SQS=26,

B.21!1 The SQS~4 Sonar is representative of the basic
design of existing shipborne equipment. The different models (1, 2,
3, and 4) operate at discrete frequencies of 8, 1C, 12, and 14 kc
respectively, and at a source level of 116 db/re: 1 4bar/l yd. with
omnidirectional transmission., Its range is limited to approximately
4000 yards against above=layer targets and to approximately 1000 yards
against below=layer targets, It is the oldest sonar in the Fleet
today and will soon be completely phased out,

B.212 The SQS~29-~32 Sonar secries is similar to the
SQS~4 model but incorporates Rotational Directional Transmission (RDT),
vhich concentrates the radiated power into a narrow beam and thercby

*See Table B,2 for more complete details,
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achieves a source level of atout 139 db/re: 1l4bar/1l yd., which
varies some with frequency, The improvements over the S9S~4 extend
the range for in-layer targets to about 7500 yards and to 1300 yards
for below=layer targets.,

The SQ8=29 series includes the $Q5-292, 30, 31, and 32, The
principal differences in these sonars, as vith the SGS-4 Models 1, 2,
3, and 4, are in transducer “requencies., The SQS=29 is € ke/sec. s
the SQS~30 is 10 kc/sec,, the SQS=31 is 12 ke/scc., and the 35QS~32 is
14 ke/sec, These sonars are being replaced by the SQS-23 and the
S0S=26 in new construction and in conversion of larger ilorld ‘lar il
vessels, Although the AN/SQS-29 scries sonar is being phascd out of
the Fleet, it will be about fiscal yecar 1971 before the somar is
completely replaced, The AN/SQS=29 series sonar is still instalied
in all of the iorld ar II destroyer and destroyer escort Lypes exe
cept FRAM I and selected FRAM 11 conversions,

B,213 The AN/SQS~23 Sonar is the follow-on to the
AN/SQS~29 series and includes all the improvements of the SQS=29
series. It is the principal sonar in most all DL’s and the DD 931/945
class and in FRAI! I and selccted FRAM II and destroyer escort types.
It is the nost prevalent sonar in the Flect at present and is also in~
stalled, or scheduled for installation, in large ships (CVS and CLG)
as a defensive sonar to cnable these combatant ships to detect and
avoid submarine attack, The $Q5-23 was originally designed to make
use of bottomebounce as well as surface~duct acoustic propagaton,
However, OPTEVFOR evaluation and Fleect experience has shown it is not
powerful enough for bottome~bounce; so surface-duct RDT is the only
mode available (as with the $QS=29). The predicted longev ranges of
the SQ5=23 make it the first sonar capable of utilizing the ASROC
stand=off range. Its range ig about 13,000 yards for in-layer targets
and 2,000 yards for below~layer targets.

B.214 The SQS~26 Sonar has the design requirenment
to provide an advanced surface ship sonar system for uce on select
units of new comstruction AG(DE), DE, DEG, DL, DLG, and DLG(N) class
ships, It has been designed with the intenticon of providing surface
ships with the capability for detection of submarines by means of
bottom~bounce mode of transmission, If successful, such a sonar would
provide for detection of below=laver targets at ranges from 10~15 kyds.
out to 20«30 kyds, in decep water.

The SQS=26 comprises three equipments operating simultaneously
in one compatible system., It is designed to operate in three active
nodes and a passive mode., In the active modes, three transmission
paths are employed. These are the surfacee=duct path (the region
bounded by the sea surface and the depth at which the main thermocline
starts), the convergence=zone path (that acoustic path made available
in sufficiently deep water by the ocean’s sound-velocity structure),
and the bottomebounce path (that path obtained when the sonar beam is
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tilted dowmward so that the sound wave is reflected from the ocean
botton and directed back up toward the surface).

The SQS~26, vhich is still in the developmental stage, is the
first surface ship sonar designed to use bottomebounce and convergence=
zone modes of acoustic propagation in addition to surface-duct. iIts
improvements over previous sonars include signal coding and digital
correlation techniques for increased signal~processing gain, higher
source level, multiple performed beams, multiple simultaneous search
modes, and three frequencies to reduce ping=-to-ping interference,

The SQS=26 is a heavy system, and vhile the dome for its large cylin-
drical transducer may improve the seakeeping characteristics of the
employing ship under some circumstances, it is too larase to be nounted
on smaller ships. At present there are six different models of the
SQS~26 with standardization eypected to occur with more testing,
Present plans are for the S3S=26(ZX) to be the operational model,

B.3 ASIJ Surface Ship Variable Depth Jonar (VDS).* Variable
depth sonar, a sonar transducer lowered into or below the thermal

layer, is a significant aid to conventional hullemounted equipments.
ihen thermal layers are present the VDS is streaned to the optimum
depth, which can increase the detection range against a submarine
attempting to hide below the layer, Performance on the VDS/Hull
combination varies with the thermal structure and the sound channel
depnth, In some instances, ranges obtained by VDS have exceeded
expected performance by a wide margin due to refraction in an advan=
tageous way, Hovever, VDS offers little improvement under strong
negative gradients and may not be useful at all in shallow water,
Limitations and restrictions during ORE’s and Fleet Exercises, where
concern for the danger to exercise submarines is real, have limited
complete Fleet exercise evaluations,

The one VDS accepted by the Fleet and most of the several under
development are designed around current hulleborne sonar systems.
The SJOA=10 is designed around the SQS=22 series sonar, The SQA~11
vas being developed around the SQS=23 sonar, but has been cancelled
and requirements for both the SQA~11l and the SOA~19 will probably be
cancelled, The SQA-8 was dusigned around the SQS=4 sonar,

The SQA=13 is a small ship VDS sonar designed for patrol-type
craft, It has been approved for use with the AN/SQS-17 sonar; how-
ever, it is undergoing another evaluation for use vith the AN/SQS~33
sonar, o followmon of the AN/SQS=17. If the evaluaton is successful
and the equisment is approved foi service usey; plans are to install
the AM/SQA=13 and AN/SQS=35 sonar in the DE~1052 class destroyer
escort, The SJA~17 is being developed around a full size SQS=23

*See Table B,3 for more complete details.
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sonar and will also be capabie of handling a reduced size transe
ducer of the S$35-20 type, For more details of VDS operation and
capabilicies, ‘sce Ref, 3.1,

B.4 4Si pircraft,*

B,41 Carrier ASY Aircraft, The CVS with its fixed-wing
aircraft and helicopters is particularly adapted for conducting ASY
operaticns in ocean areas wvhere a continuous on=station aircraft
with ASY capabilities is necessary, The CVS embarks two VS squadrons
of 10 4SY aircraft each, one HS squadron of 16 HSS aircraft, and a
detachment of four AEY and four VA (jet) fixedeuing aircraft. Of the
nine active CVS's, five are in the Atlantic and four are in the Pacific.
The CVS with 16 helicopters and 22 S=2 ASY fixed=wing aircraft will
probably keep 25% of their vehicles airborne around the clock,

The carrier AS' ailrcraft are allevyeather single package types
equipped with radar, ECi, and sonobuoy systems., Their primary pur=
pose is to conduct AS' warfare while operating from aircraft carriers,
Their main contribution in the past has been to cdeny the submarine
the freedom to operate on the surface, Their capabilities include
detection, identification, tracking, localization, and destruction of
enemy stbmarines, Capabilities include alle-weather barrier patrols,
convoy escorts hunter=killer operations, and arca search functions,
They are alsc equipped to carry a wide variety of ASY weapons. The
S2D/E Tracker is an example of our present and future fixedswing aire
craft,

The advantage of aircraft in ASY is its great mobility and the
ability to extend visual and radar horizons by changes in altitude,
The submarine is of little or no menace to the aircraft because of
the latter's speed and mobility, At relatively long ranges EC,
radar, and visual searches are the primary methods for detecting subw
marines which have some part exposed above the surface, Search by
aircraft over large arzas utilizes the advantage of a broad field of
vision and a high rate of search, especially when surfaced or snorkelw
ing submarines are involved; and as such, aircraft are effective units
to provide early warning of enemy submarines. The extended radius of
action vhich the aircraft brings to coordinated ship~aircraft ASY
operations vastly incieases the enemy submarine problem,

B.42 Search Jith Sonobuoy. The fixed=wing aircraft
utilizes sonobuoy acoustic systems for detecting submerged subma-
rines. The sonobuoy is a passive acoustic detection equipment which
{under favorable conditions) can detect the underwater sounds of a
fully submerged submarine and transmit this information and target
movement via radio transmitters to radio receivers in ASW aircraft,

*See Table B, 4.
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Carzier

——-Datrol plreraft _Helicopters | Alrcraft
Alrcraft SPw2H P=34 SP=53
Modal (P2V=7S) | (P3V=1) | (P5ii=2) |} SH=34G | SH=34J ) SH~3A S=2D/E
Engines Hright: (4)T=56 | (2)R=3350= H=1820-
(2)R=3350« 329A 82A(2)
3214
(2)J=34~
YE=36
Horsepover
(r.0.ESHP) 13700 4500 3700
Dimensions
Wing Span {101t 4% 99% g% |118% 2%
Length 91 3% 115710W (1010 1%
|_Height _208 4% 33¢ 8. 5% 20711%
Fuel (1b) 120,280 59,800 {20,300 44368
{Gross We(1b){80,000 127,400 {76,600 11,371 11,732 117,760 264552
Payload (1b)]2910 4740 2490
Crew
Officer 3 4 3 3«4 2«4 2«4 4
! Enlisted 7 8 8
Mission
Radius
(Nmekts) 1050/174 11530/290 1860/138 227/84 | 225/84 492/115 410/130
Endurance 15.1 13,5 15,5 2. 2.7 4,0 7.7
hrs/basic Includes | Includes |{Includes
Mission 3 brs.on |3 hrs.on |3 hrs.on
Station Station |Station
Patrol Speed
Normal (kts) (162 194 140
Max, Speed |350 « 395 = 2640 = 123 = 122 - 140 - 218
ktg=alt)  111,200% !14,400* |15,000' S.L,. S, L, 4000°
Remarks All All All Operat?l| Operat'l | Oporat'l
Heather | 'leather |Weather in Serv, ! in Serv, |in Serv,
Hoist Capae~
bitity (1b) 1600 600 600
Combat Cejle
ASH Sensor |Jezebel |Jezebel |Jezebel |AN/ASQe4| AN/AQS=5 | AN/AQS=10| Jezebel
Capability |{JulieyMAD | Julie,lMad] Julie,MAD Julie MA.
Sniffer Sniffer |Sniffer Soiffer
Ordnance M 101,
LOLU,Tor
pedoes;
depth
Bombs
Rockets
Max, Cv Lande
ing Wt (1b) 24,617
Table B,4, ASY Alrcraft Ref, B.1
B.2
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Sonobuoys are placed in patterns and must be laid accurately
and marked so that positions of the individual buoys can be observed.
The patterns may be small area patterns or larger sopmobuoy barriers,
Small area patterns are used primarily for tracking submerged sub-
marines and for investigating contects obtained initially by means
other than sonobuoys.

The JULIE system ( used primarily for iocalizatien of the contact)
is comprised of sonobuoys for passive acoustic listening and aircraft-
dropped cxplosive charges as the active scurce; the JEZEBEL system
(a passive system) uses passive sonobuoys for listening and analyzes
the submarinaegenerated noise with LO¥AR equipmert, and the CASS system
(an active sonobuoy system) is also used for localization; and all are
examples of the sonobuoy systems in use in the Fleet today.

-

Once the contact has been developed, Jhich for aircraft is more
often than not with JEZEBEL buoys, it must be classified as a sub-
marine, Classification with fixed-wing aircraft is done with MAD
(Magnetic Detection), MAD is probably the best aircraft classification
means today, but it is not available to surface craft because of their
large magnetic fields and relative low speeds.,

B.43 Localization Bv MMAD, The magnetic airborne detector
used for localization and classification operates on the theory that
the pzrsence of a very large metal object such as a submarine will per-
turb ¢he earth®s magnetic fiold and vary the measured intensity. This-
change +ill be detected by MAD. MAD is used against a submerged sub-
marine and is accurate enough to permit an effective attack. Initial
detection by 11AD is possible only at short ranges, and usually the
detection range assumed is roughly 3 times the length of the submarine,

B.44 Sonobuoy Barriers, There are thrce broad types of
sonobuoy barriers: the intercepting barrier, the flank barrier, and
the containing barrier.

3,441 The Interceoting Barrier is a line ahead of and

across the estimated track of a submarine, or is a bent line centered
on the submarine®s track, Line orientation is based on tactical
assumptions, Protectively, the intercepting tarrier 1s used in de-
fense of formations, to augment flanking barriers, and Co detect sub-
marines trailing the formation or which have attacked and are dropping
astern,

B.442 Flank Barriers protect against submarines attempte
ing to reach an attacking position off the formation flanks.

B,443 The Containing Barrier is sc¢ placed to enclose
an area of a limited size to detect enemy submarines entering or leave
ing the area,
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B.45 Sonovbuoy Systems,

8,451 The JEZEBEL System. “hile JULIE and CASS are
primarily ASY localization systems and MAD is a classification sys-
tem, the JEZIBEL system installed in ASY alrcraft is complately
passive and can be used in a variety of tactical situations to de~
tect and locallize submarines. The svstem is composed of crzcarders
and approoriate JEZEBEL sonobuoys and receivers. Recoamended
search altitudes for all patterns is at a minimum altitude of 5000
feet, the altitude from which LOFAR sonobuoys are droppecd.

In all patterns, detection capability of the system ig reduced
in high sea states.

-

JEZEBXL snalyzes lowefrequency sounds recelved on somwbuoys by
LOFAR (Low Frequency Analysis and Recording) and CODAR (Corrzlation
Display Analyzing Recorder). LOFAR displays the discrete fraquens
cles contalned in target signatures to provide long range dshection
and classification, CODAR provides bearing information on the tare
get which can be converted to a fix.

The LO¥AR part of the JEZEBEL system detects line components of
a target spectrum in the frequency range of 10 to 200 cps., the
CODAR part detects broad=band energy in either of twc bangss
110 = 300 cps. and 310 = 500 cps., Localization by CODAR whencver a
target is detectable by LOFAR does not always occur. Somerimes a
target may have less broadsband energy in the CODAR bands, rvlative
to the few strong line components in the LOFAR bands; whicl does
not permit localization,

Many variations in detection ranges are reported in the Fleet
for JEZRBEL, which is very susceptible to variations in ambiant
noise lover, sea state, and environment in general. For evwan mare
ginal predlction precision, very precise specifications of target
source level, ambient noise conditions, bottom conditions and the
avallability of convergence zohe transmissicn, and signal=to-noise
detectinn cpability of the equipment are required for JEZLLEL per=
formance,

B,452 JULIE (Expnlosive Echo Ranging) is an asnive
localization system utilizing omnidirectional lowefrequency passive
sonobuoys, small explosive charges, and clectronic equipment in the
aircraft for processing signals received from the sonobuoy, TFassive
sonobuoys arc dropped from an aircraft and then an explosive cnarge,
detonated in the water at deep or shallow depth, is the active source,
The sound from the charge is reflected from the submarine tazr-et to
the scnobuoys und relayed to the aircraft via the radio link :n the
buoy, Equipment in the aircraft processes the stgnal and enables the
operator £> obtain range and bearing on the submarine. The system
gives the A/C an "active sonar" capability in deep water,
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B.453 CASS (Command Active Sonobuoy System)
is an active sonobuoy system under development, It will replace
the $SQ=15 and SSQu47 active sonobuoy system which has had
limited success achleving desired detection ramges, CASS is
an aire-droppable active system vhose primary development is to
provide fixedevuing aircraft a capability for detecting, clas=
sifyving, tracking, and localizing deepediving, high~speed,
and quiete-running submarines, It is designed for a reliable
active detection range of 6,000 yards for an 18 db target
strength with a two=vay propagation loss of 152 db,*

B.46 Patrol Aircraft, The current ASY fixedeuing
patrol aircraft have endurance capabilities of 13 to 15 hours.
Being larger th=n VS aircraft permits more equipment, more
crev members fo. some rotation of duty, and more weapons stored,
Also, with more space and superior navigation, it has particu=
lar advantages in longerange search and barrier patrcl. SO05US
contacts can be prosecuted with patrol aircraft that fly out
on a two station SOSUS f£ix and search in the general area in=
dicated, With their 'ong time=onwstation and speed to the
datum, they are an ideal SOSUS team member. Patrol aircraft
can also be an advantage in forward areas wherce no airficids
are available but vhere it can operate from sheltered sea an~
chorages, All patrol aircraft use the JEZEBEL and JULIE
systens, with MAD for localization,

B.47 ASU Helicopters., The extreme maneuverability,
capacity to hover with precision, and ability to launch or
land in a small area gives helicopters distinct advantages
in ASY operations. The hoverability of the heiicopter is a
great asset in conducting close investigation of A guspected
location or series of locations,

B,471 Sonar Search by Helicopter*¥* consists
of a series of stationmary dips and forward jumps., Time of
flight (jump time) during exercise operations determined by
reference to the jump time and distance table, which currently
is based on a dip time of gix minutes (NWIP 24-2(A)), To mainw
tain position at high formation speeds, jump distances greater
than the effective sonar range may be required unless the best
of envircnmental counditions prevail, ‘hen equipped with dip=
ping sonar, the helicopter becomes an integral part of the ASY
team and is also excellent for visual search, %When used in
conjunction with surface ships and other aircraft, they greatly
increase the screening capabilities of the force,

% TDP ¥21~20X

*¥* See Tables B.4 and B.5
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Cable
Nomenclature|Vehicle| Type |Length| Frequency| Ave, Range Remarks
(ee) | (ke) (yd)

AN/AQS"4 | SH=34G| Dipped| 90 }20,21,22 |In layer: 1,900 Cabic length
Below layer: 1,300{is 60 ft. be=
low surface,
Active or
passive,

AN/ AQS=5 SH=34J| Dipped| 200 |20,21,22 | In layer: 1,900} Modified
Below layer: 1,300} AQS=4. Active
or passive.

AN/AQS=10 | SH=3A | Dipped| 200 [9,25,10 | In layer: 7,900| Ave.ranges

¢ 10.75 Below layer: 4,000| are estie

’ mates, Astive
‘ or passive.

AN/ AQS-10

Frequency (KC) v & o o « 4 o o « ¢« o ¢ o s o « o o 10
Source Level (db re: C.C002p¢ bar

At L ¥du) v v 4 o ese o 0 2 4 o s ,186
Directivity Index (db) v & 4 & ¢ o o o o o ¢ o » 18
fleight (ID) . W v v ¢ 4 ¢ o o v o 6 0o o o o o« o150
Allowable Propagation loss {Sea
State 3) (Ab)s & 4 & o 4 « o + o 83,5
Max, Transducer Dept (ft.) o o o o o s o o o o o 2150

Layer Depth{ Sonar Depth [Target Depth|{0.,5 Probability
s (£t) (£t) (fr) Detection Range
) (kyd)
0 50 50 2,1 1
100 5.6
400 7.6
0 ' 50 500 3.6
100 | 3.3
400 5.7
i
0 ! 150 50 2.5
100 ! 4.8
400 | 7.3
0 150 500 4.1
100 y 3.6
400 = l 6.2

Table B,5, ASY Helicopter Dunked Sonar

Note: These charts have been extracted from Ref, B,2,
CONTFIDENTIAL
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' Helicopters may also be used -c augment surface screens,
‘lhen not used on other forms of screening, helicopters may be
usefully employed as pickets in advance of the surface screen.
They may conduct dipping entirely at random in sectors within
the submarine limiting lines of approach and near the torpedo
danger zone, Effectiveness as pickets is the unpredictable
nature of thelr movements,

Helicopters do have disadvantages however. The primary
ones are low maximum speed, very limited onwstation time, and
except for the SH=3A, their small weight carrying ability.

a4 Speeds vary between types and at different altitudes, but the

; maximum averages little more than 100 mph. Hovering requires
25 to 50 percent more power than does forward flight., They
can be expected to dip for about six dnutes and use one minute
for raising the dipped sonar,

Briefly, the ASY types (SH=34G, SH=34J, SH=3A) have the
following features:

SH=34F: This single engine model is designed to
operate from carriers or iand bases. The
antisubmarine search version carries a
four-man crew,

SH=34J: This is a modification of the SH~34G, The
SH=34J also employs dipping sonar and carries
special weapons,

SH=3A:  The primary mission of this twine-engine, tur-
bine powered helicopter is to detect, identify,
R track, and destroy enemy submarines, The
N SH=3A is capable of all-weather operations
f£rom carriers, cruisers, and from other naval
and merchant ships which have adequate landing
provisions, It is considerably larger than
the SH=34G and SH=34J,

The helicopter configured with dipping sonar (VDS) is able
to detect and track the submarine, With dip time the order of
minutes and with the ability to retrieve and £ly to a new dip
position for a better advantage, the helicopter also becomes
an excellent localizing platform. Each dip gives the helicopter
a fix on the target. As the range to the target decreases,
the helicopter spends a larger part of available time dipping,
listening, and retrieving the sonar. A single helicopter can
carry out an attack from the last dip information if the target
range is close, He does so by flying over the aim point de=-
ternmined from his latest dip information,
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¥ith the single helicopter, contact with target is lost
between dips. %hen two helicopters are used, and when one
alvays maintains contact with the dipped sonar, it is possible
to vector the other in for sttack, 1In this manner, the ate
tacking helicopter can be provided target information from
the dipping helicopter,

7
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A SHORT GLOSSARY OF ASY TERMS AND ABBREVIATI OGNS

AlCiiviiieseaeenee JAIRCRAFT
AMDivvieeroonaeses s ATTACK DIRECTOR.
A/Piiecessanseanss oATTACK PLOTTER
AlSeeeenscenssanss dANTI=SUBHARINE
ASCAC.ccouseeeonss s ANTI=SUBMARINE CONTACT ANALYSIS CENTER
ASRecvecoesansoses ASSURED SONAR RANGE (obsolete term)
ASROC,.evevsseensss ANTI=SUBMARINE ROCKET
ASTeeresseseeensee s ANTI=SUBMARINE YARFARE
BDesesesosessceosessBEST DEPTH TO AVOID DETECTION
BDReeceeseassoesess BEST DEPTH RANGE
BELL HOP4sessevess  AIRBORNE RADAR RELAY TO SURFACE SHI.
B/HieeaeveonensessBLOOD HOUND
BLOODHOUND, 4 o« 4. « JHOIING TORPEDO
B/Teseesonssnesssss BATHYTHERMOGRAPH
CACesacesssesesseesCONTACT AREA CCMMANDER
. C/Besasssasesasses . CENLER BEARING
CICieassasacvesosesCOMBAT INFORMATION CENTER
COLDsuessssonesssa s CONTACT NOT HELD
DASHuveeseaeeeesss s DRONE ANTI=SUBMARINE HELICOPTER
DATUMueeensnoveess . THE LAST KNOHN PGSITION OF THE SUBMARINE
DBesecessacseesess s DECIBEL
D/Cevvesnensoraens  DEPTH CHARGE
DRAcessoessseasess  DEAD RECKONING ANALYZER

DRT..'.‘IO‘...I‘.Q.DEAD RECI(ONING TMCER
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Em\io etvsevsossevss e ELECTRONIC COUNTERI‘iEASURES

T ICON eoocasnaness s MISSION CONTROL~ THE DEGREE OF RESTRICTION
PLACED ON THE USE OF ELECTROMAGNETIC
RADIATING EQUIPMENT

EPyevecrasesnsesss s BSTIIIATED POSITION

ERPyvscsssccsnsssss BMERGENCY RANGE RECORDER PLOT

ESR.--..oa.oo-cn-.oEFFEf:TIVE SONAR RANGE

" FANFARE. eoeee oosess CONTROLLED TOYVED ACQUSTIC NOISEMAKER USED
‘ TO DECOY HOMING TORPEDOES

FCSeeseesoensenses FIRE CONIROL SYSTEM
FEATHEReeeove s s« oo « SUBMARINE PERISCOPE WAKE

FRAM.vevsssnooeeess FLEET REHABILITATION AND MODERNIZATION
PROGRAM

GOBLIMesssososseessA SUBMERGED OBJECT 'HICH HAS BEEN EVALUATED
A SUBMARINE

H/H‘..."O.'I...O..HEDGEHOG
HOT.'."........OIOCONTACr HEI-ID

HS'. sessesseveces of*\NTI.SUBylAI{INE HELICOPTER

HUK.se0eesennoens oo JTUNTER KILLER
HUMPeaooosoososue e UNIDENTIFIED ELECTROMAGNETIC RADIATION
MADgeeovoosanoeseeJAGNETIC AIRBORNE DETECTION
MADVEC.e0eve:0000s.VECTOR NAD A/C TO CONFIRM A SONAR CONTACT
MEERSeecoveuesssss JIAXIMUIY EFFECIIVE ECHO RANGING SPEED
MSA. eeseeeanassee JULTI=SHIP ATTACK

OCAcesveassesseese  OPERATIONAL CONTROL AUTHORITY
OCEsseesoassosness s OFFICER CONDUCIING EXERCISE
OREsveencssssaneeass OPERATIONAL READINESS EXZRCISE

ORI.eeeevesenceses o OPERATIONAL READINESS INSPECTION
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OTCuveseseonssonsss OFFICER Iit TACTICAL COMMAND
OSEuusssssensosssss OFFICER SCHEDULING EXERCISE
OUseveveneonsesnses OCEANOGRAPHIC UNIT
PDCuvevsennssosesessPRACIICE DEPTH CHARGE
PDRuevsseensssasessss PERISCOPE DEPTH RANGE
PIiieseseoeesnsenses POSITION AMD THTENDED iiOVEENT
5 RDTueevescocennonss ROTATIONAL DIRECTIONAL TRANSMISSION
R/Riesescsasacscess s RANGE RATE
R/Tesseensscneoases s RADIO TELEPHONE
RTDCuaveresonsessss ROCKET THROUH DEPTH CHARGE
RTTuueveeusnessssss ROCKEL THROUN TORPEDO
SASuseessenessensssSEARCH ATTACK SUBDIVISION
SAUvsvesuvansesensss SEARGH ATTACK UNIT

SHADOW Z0NEsaseeseeeh REGION INTO WHICH VERY LITTLE SOUND
PENETIRATES BECAUSE OF REFRACTION

SINKERseseecosoossssA VISUAL OR RADAR CONTACT THICH DISAPPEARS
AD IS PRESUMED TO HAVE SUBMERGED

. S/HuvuneensonsossssSUBIARINE

SNIFFERs es s eesesses  EXHAUST TRAIL DETECTION DEVICE

SOURCE LEVEL.,...,..A LIZASURE OF THE SOUND OUTPUT OF A SONAR SYSTH
SSueesesusnsesnessseSUBMARTIE

SUSuesssconesensasss SOUND UNDERVATER SIGNAL
TDZaeseeesnnanssessTORPEDO DANGER ZONE

TREsesseessasosssses TRAINING READINESS EVALUATION

TP\RQ LN W Y t‘o L N N ) 0.0 e .‘TACTIC[\L RAD‘GE REC\)RDER
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UOCsevenneeeasanss UNDERVATER TELEPHONE (GERTRUDE)
VDS.eevesnenesesess VARIABLE DEPTH SOMAR
m..... .........'.'.VARIMLE DEP'I-H TRANSDUCER

VECTAC, . .‘. .o .'- «+e2+oVECTOR A/C TO ATTACK ANOTHER UNIT®S
SONAR CONTACT

VP. . c.e sessv0sesases +PATROL AIRCRAFT (sz, P5I'i)
x VSeseessessesscessss/5 AIRCRAFT (CARRIER BASED S2F)

WOLFQ cseacnnsasceseotNiY SUBMARINE
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