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TWENTY YEARS OF RESEARCH
AT THE
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by

Donald Ross*

ABSTRACT

The SACLANT Antisubmarine Warfare Research Centre was established by the
North Atlantic Treaty Organization to provide scientific and technical
advice and assistance to the Supreme Allied Commander Atlantic in the field
of antisubmarine warfare and to respond to the requirements of NATO naval
forces in the field. Its first twenty years are described in four broad
periods, for each of which is given a summary of administrative matters and
detailed histories of the work performed under items of the current
scientific programmes. Extensive citations are made to SACLANTCEN research
publications and a supplementary volume (published as SACLANTCEN
Bibliography SB-3) lists the authors, titles, and abstracts of these.

*
Dr D. Ross was Deputy Director of SACLANTCEN from 1976 to 1979; during the

late summer of 1978 he served as Interim Director.



Editorjal Note: On his departure from SACLANTCEN, the author left a
finished text and a general list of suggested illustrations. In preparing
the document in its present form the editor has had to select illustrations
according to their availability and to the space at his disposal, and has
had to provide titles. The editor wishes to emphasize that any errors or
inconsistencies in the illustrations are therefore his responsibility and

not those of the author.
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FOREWORD

Donald Ross brought to SACLANTCEN a wide experience and knowledge in the
field of underwater acoustics and an enthusiasm for scientific research
which greatly stimulated the whole Centre. His stay here saw a period of
re-thinking and reorientation in the Centre's programme. While the
implementation of this occupied much of his attention he was also involved
in many management issues, yet he still found time to be active in organi-
sing and participating in education seminars for the staff.

This had made him eminently qualified to write this comprehensive record of
the Centre's developemtns and achievements. The concept, perspective and
weight to be given to each item are essentially his own, but while in
conversation he was always ready to discuss the definite and sometimes
colourful views he had formed on the relative value of this or that scien-
tific endeavour or personal contribution, he has scrupulously kept these
from his text, leaving it as far as possible as a factual record for the
reader to form his own judgments. It is essentially a work of reference,
which above all will be especially useful to the staff of the Centre and
those closely associated with it. In particular it is hoped that it will
not only serve as a source of important background information for new
Centre scientists but also provide inspiration to them to continue the
first rate work of their predecessors.

It is a pleasure that the 20th Anniversary of the Centre's foundation fell
within my term of office as Director. After many years' experience of
major research and development activities in my own country, and some
knowledge of related work in allied nations, I now have the benefit of
first hand knowledge of SACLANTCEN and the capabilities of its personnel.
All this has left no doubt of the high quality of the Centre's scientific
work and the excellence of its technical support, both now and throughout
its history. Dr. Ross' document is a fitting acknowledgement of these
achievements, also of the contributions from NATO organizations and
national authorities that have helped to make it possible - especially
significant among these have been the efforts of SACLANT's headquarters
staff and the invaluable counsel given by the Centre's Scientific Committee
of National Representatives. Above all is it a tribute to the staff of the
Centre, not only for the work of the scientists but for the dedicated
technical and administrative support they have received throughout the
Centre's life.

B. W. LYTHALL
Director, SACLANTCEN



Introduction

In May 1979, the SACLANT ASW Research Centre
celebrated its 20th anniversary. Inspired by
this occasion, the writer undertook to document
the research accomplishments of the Centre
since its formation in 1959. For a period of
about four months he read in detail each of the
annual progress reports and examined some 700
publications as well as interviewing a number
of old timers still at the Ceatre. From this
research he acquired not only a knowledge of
the indiwvidual projects but also a new appre-
ciation for the accomplishments of this rela-
tively small organization.

Working in the specific field of subsurface
antisubmarine warfare, the Centre has in its
twepty years made a remarkable pumber of signi-
ficant contributions. In this volume these are
considered to fall into five areas of research:

Enviroomental Acoustics Research
Active Sonar Research
Non-acoustic ASW Research
Oceanographic Research
Operations Research / ASW Studies

However, clearly it has been the interdisci-
plinary across-area interactions that have made
the Centre's contributions so outstanding. In
particular, the combination of strong oceano~
graphic and environmental acoustic research
done in a given geographic area, supplemeated
by active sonar studies in the =ame area,
together with related operations research
studies and NATO exercises, enabled the Centre
to make important contribution both to scien-
tific knowledge and to NATO ASW operational
capabilities.

The writer believes that the Centre’s out-
standing achievements were made possible not
only by the presence of a highly competent
international scientific staff but also by the
provision, by NATO, of sufficient funds for the
acquisition and operation of first-rate
research facilities, especially research
vessels and their equipments and digital data
processors and computers. However, excellent
facilities in themselves do not produce first-
rate research. The dedication and ingenuity of
the technical support staff and the brilliant
leadership provided by somc directors and group
leaders were even more important. The Centre
has been fortunate to have had its full share
of each of these important ingredients for
success.

In conducting the research necessary for the
writing of this history, the writer found it
expedient to divide the 20 years into four
roughly equal periods. The history is there-
fore divided into four parts, as follows:

1 May 1959 — Mid-1964:
Formation and Transition to NATO

IT Mid-1964 — Mid-1969:
Period of Growth

111 Mid-1969 - Mid-1975:
Period of Transition

1v Mid-1975 — May 1979:
Period of Reorientation

Of these, the last period is too receat to be
the subject of a proper history and only a
brief summary of programme developments is
given. The first three periods are treated in
greater detail, each with an introductory
chapter covering mapagement aspects and faci-
lities and separate chapters for the five areas
of research previously listed.

Many of the higher raoking staff of the SACLANT
Centre, including the Director and Deputy
Director, com¢ to the Centre frowm their nations
for relatively brief periods of three to five
years. For these personnel, there has been no
really good way to find out what had previously
gone omn at the Centre, from which to build
their own work. It took this writer alwmost his
entire three-year term to acquire a reasonable
background of the (Centre's history. The
present document is intended to provide such
background information for persons newly
involved with the Centre, including new SCNR
members and SACLANT officers. Since it is
especially written for new Centre staff
sembers, it makes extensive reference to Centre
reports, memoranda and conference proceedings
and includes a full bibliography.

La Spezia
June 1979
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M1ISS1IO0N

The Centre‘s afssfon will be to provide scientitic
and technical advice and assistance to SACLANT ia
the field of antisubmarine warfare, and ‘to be in
" all -respects responsive through SACLANT to the
requiresents of MATO naval forces in this field.
As a subsidiary function the Centre may, without
prejudice to fts main tisk, render scientific and
technical assistance, within the approved program-
me, to MATO nations requesting afd with anti-
submarine warfare problems. The Centre shall
perfors the fallowing functions:
(a) Operational research and analysis;
{b) Research and 1inited davalapsent
(but not engineering for manufac- .
ture) in the field of antisubmarine
warfare,- 1qclud1ng oceanography;
(c) Advisory and consultant work;
(d) Bxploratory research;
{e) Such other related tasks as may be
necessary. :




CHAPTER 1

FORMATION AND TRANSITION TO NATO

1.1 Formation (December 1957 - May 1959)

In December 1957, following the launching of
Sputnik I, the Ncrth Atlantic Council met for
the first time at the level of Heads of Govern-
ment. At this meeting the foundation was laid
for increased cooperation im scientific and
technical matters amongst the NATO allies. The
Heads of Government expressed their desire to
increase the effectiveness of national efforts
by pooling their scientific facilities and
information as well as by distributing specific
tasks to individual pations.

In February 1958, as a result of the NATO
meeting and also inspired by the marked in-
crease ip Soviet submarine capabilities, United
States Navy Admirals Arleigh A. Burke, Jersuld
Wright, John T. Hayward, and Rawson Bennett
began formulation of plans for a multi-national
ASW effort. They requested that a subcommittee
of the IS Naval Research Advisory Committee
(NRAC) investigate the establishment of a
multi-national ASW research centre in Europe.
Chsirman of the subcommittee was Captain
Keuneth M. Gentry, USN, who was at that time
Deputy Director Research and Developaeat, CNO.
The group visited seven natioas, the U.K.,
France, Germany, The Netherlands, Denrark,
Norway and Italy, where they talked with high-
level naval and scientific leaders and inspec-
ted possible laboratory sites.

The Italian representatives were led by the
late Professor Maurizio Federici, who was
subsequently to play sn important role in the
Centre's development. They proposed that the
ASW research centre be located within the naval
base at La Spezis. This offer to provide labo-
ratory and other facilities was welcomed for a
number of rveasons: Ls Spezia, a port on the
Mediterranean, is suitable for year-around sea
operations; location within a naval facility
would provide security and logistic support;
the existence of a building immediately avail-
able to the NATO activity meant that iaception
of the enterprise would not be delayed; and the
Hediterranean was recognized as an area of in-
creasing military importance and one requiring
scieatific investigation.

The Italian proposal was recommended by the
NRAC Subcommittee. It was further proposed
that pine nations be asked to participate in
the Centre’'s activity: the seven nations listed
above, plus the United States and Canada.
These recommendations were approved by SACLANT
and the U.S. Chief of Naval Operations in June
1958. Two months later the Secretary of
Defense of the United States added his endor-
sement of the site recommendation and approved
ipnitial funding of the new Centre under the
Mutual Weapons Development Program. The first
meeting of representatives of the nine partici-
pating nations was held in La Spezia in
September 1958 to discuss organization and
scope of work.

The first nine nations to participate in the
Centza's activity,

vis.itrbt‘ therxea of State of the host nation:
COnorevole Antonio Segni, President of Italy.

_— TTE




In March 1959 a Memorandum of Understanding was
concluded between the Governments of Italy and
the United States relating to the establishment
and 4{nitial operation of the Centre. The
Government of Italy agreed to make available to
the Ceutre without cost, such land, buildings,
dock space, utility connectioas, etc. as might
be required for the operations of the Centre.

On 23 March 1959 a contract was signed between
the U.S. Department of Defense and the Societa’
Internazionale Ricerche Marine (SIRIMAR), a
company incorporated under Italian law espe-
cially for the purpose of operating the Centre
on a mnon-profit basis. At the time of its
creation SIRIMAR was a wholly-owned subsidiary
of Raytheon Manufacturing Company, but in
January 1961 the Peansylvania State University
succeeded Raytheon as owner and manager of
SIRIMAR and remained so until the expiration of
the contract on 30 June 1963.

1.2 1Initial Operations under SIRIMAR
(May 1959 - Janvary 1963)

The Centre was established under the direction
of SACLANT, due to his major responsibility in
antisubmarine warfare as the senior NATO mili-
tary authority in this field. SACLANT's
guidance was trapsmitted through a six-officer
military staff chosen from participating na-
tions and headed by a SACLANT Deputy. The
first SACLART Deputy was Captain K.M. Gentry,
USN, a senior officer with research and devel-
opment experience. He was succeeded in June
1360 by Captaim C.C. Cole, USN. Other SACLANT
officers served as Assistant Deputy, Adsinis-
trative Officer, Financial Comptroller, and
Assistant Comptroller. Three ASW officers were
provided by the various nations to provide
expertise in air, surface, and submarine ASW
operations.

The scientific work of the Centre was conducted
under a Scientific Director, the first of whom
was Dr Eugene T. Booth, an ASW expert and
former Director of Columbis University's Hudson
Laboratory. He served during the first two
years and was succeeded in June 1961 by Dr John
M. Ide.

Ia June 1960, the nine participating nations
signed a Memorandum of Understanding that
reiterated the mission of the Centre, provided
for the «creation of a Scientific Council
advisory to SACLANT, and stated the =specific
responsibilities of the Scientific Director and
the SACLANT Deputy. Each of the signstory
nations agreed to participate in the work of
the Centre and to make available to it such
information as was required.

The mission of the Centre was to provide tech-
nical advice and assistance in the field of
antisubmarine warfare to SACLANT, to other NATO
Commandexrs and to the participating nations,
and to be in all respects responsive through
SACLANT to ths requirements of NATO Naval
forces in this field. It was stipulated that
the Centre's activities were to be limited to
research and finitial development of egquipments

Capt X.M. Gentry USN
SACLANT Deputy 1959-60

Capt J.0. Phillips USN
SACLANT Deputy 1961-63

Capt C.C. Cole USN
SACLANT Deputy 1960-61

Dr E.T. Booth
Director 1959-61




and were not to include final development and
manufacture, which would be carried out within
the natiens.

The SACLANT ASW Research Centre was officislly
commissioned on 2 May 1959 by Admiral Jerauld
Wright, USN, SACLAXT. The first six months
were largely devoted to organizational activi-
ties including hiring of staff and formulation
of a research programme. Indispensable to
SACLANT in this formative period was the advice
given by the Scientific Advisory Council (SAC).
This group, composed of top defense scientists
from the participating nations, served as a
sounding board for developwent of the programme
and gave ijinvaluable liaison between the new
Centre and their national ASW laboratories.
The first Cbhairman of the SAC was Dr H.F.
Willis of the U.K. Other initial members, in
addition to Prof Federici of Italy, included Ir
van Batenburg of The Netherlands and Dr H.
Ngdtvedt of Norway, both of whom later became
Directors of the Centre. Meetings were held
bi~annually, begioning in April 1959.

By the ead of 1962 the scientific staff had
grown to 36 and an administrative and technical
support staff of approximately 100 people had
been built up. By this time NATC was ready to
take over the operation of the Centre. Discus-
sions leading to a NATO Charter began in July
1962 with the formation of a working group
authorized by the North Atlantic Council with
representatives from ipnterested NATO nations
and wmilitary commands. Discussions held in
Paris in the summer and antumn of 1962 led to
the NATO Charter (1) which was adopted on 30
Octodber and provided for transfer of assets and
funding from SIRIMAR to NATO early in 1963.

Closing of the SIRIMAR/MWDP period was marked
by issuance of a final report (2) on activities
from May 1959 to 1 February 1963, when the
Centre became a NATO operation. This final
report, publizhed as a book by The Pennsylvania
State University, has been used extensively by
the vriter of the present report as the single
most complete source of information about the
formation and first 3% years of operation of
the SACLANT ASW Research Centre.

1.3 Transition to NATO (1963-1964)

The NATO Charter provided for re-organization
of the Ceantre as a NATO international military
organization under the continmuing policy direc-
tion of SACLANT. The mission of the Centre
remained unchanged. All fifteen NATO nations
became involved in the activities of the Centre
and contributed to its funding. The Charter
also established the Scientific Committee of
¥atjonal Representatives (SCNR), advisory to
SACIANT, consisting of representatives appoin-
ted by each of the NATO nations. Its ipitial
members were the nipne scientists who had been
members of the former Scientific Advisory
Council. Terms of Reference were issued by
SACLANT for the operation of the Centre, in
accordance with the provisions of the Charter.

- E3 »
An early meeting of the Scientific Advisory

Inauguration of SACLANT ASW Research Cent}e
by SACLANT Admiral Jerauld Wright USKN
2 May 1959

i< . -
i . e .

Council; Professor M. Federici is in the
foreground.




The Charter prescribed the method of appoint-
ment and the duties of the civilian Director
and Deputy Director. SACLANT was no longer
represented at the Centre by a Deputy,
Assistant Deputy, or Comptroller. Instead, the
Charter required SACLIANT to maintain a full-
time Naval Advisor to the Director. In addi-
tion, a small NATO military staff of ASW Pro-
gramme Officers was to be provided by the
Nations in turn. Following NATO procedures,
the host mation, Italy, was asked to appoint a
Financial Controller and a Liaison/Security
Officer.

SACLANT accepted the recommendation of the
first meeting of the SCNR that Dr John M. Ide
of the United States, previously Scientific
Director for SIRIMAR, be appointed as the first
NATO Director of the Centre. Dr H. Nédtvedt of
Norway, Chairman of the SAC, became the first
Deputy Director, and was also selected to
succeed Dr Ide as Director in February 1964.

All staff had to be transferred from SIRINAR to
NATO pay scales. After discussion with the
Co~ordinating Committee of Government Budget
Experts, it was decided that scientists should
be assimilated into the already-defined NATO
A-scales. By 1 July 1963, essentially all
staff, scientific and administrative, had been
transferred from SIRIMAR to NATO pay scales and
billets.

The Ceantre was required to prepare budgets for
submission to the NATO Military Budget
Committee (MBC). The 1964 budget figure, the
first full year under NATO funding, was 1400
million lire. This included expenses related
to the acquisition of a new computer and new
research vessel.

For 1963 the MBC approved a total personnel
establishement of 152, imcluding 44 scientists;
and in 1964 the SCNR recommended an increase to
50 scientists. By 1964 the total approved
complement was up to 174. However, scientific
recruiting was difficult in the early years;
on-board scientific strength had risen to only
41 by the end of 1964.

1.4 1Initial Facilities

The single large office and laboratory building
first provided to the Ceutre by the Italian
Navy contains about 4000 m? of floor space, is
located on the waterfroant, and has been used by
the Centre throughout its twenty years. The
upper floor contains offices, conference room,
and library, and the lower floor has labora-
tories and shaps. When given to the Centre the
building required extensive internal modifica-
tions to adapt it to the Centre's use.

In March 1960 SIRIMAR chartered the Italian
merchant ship S.5. ARAGONESE, owned by Gastaldi
& Company, S.p.A. of Genoa. The ARAGONESE was
used extensively as a floating laboratory for
underwater acoustic experiments, oceanographic
studies, and other sea trials as appropriate.

Dr J.N. lde
U.S.A.
Director 1961-64

p} H. Ngdtvedt
Norway
Director 1964-67

= R v g *-’ ) Z
The first building provided to the Centre by
the Italian Navy.



The limitations of ARAGONESE wcre recognized by
the Centre's scientists and administrators who
were concernsed with her performance, although
both groups also acknowledged the good scien-
tific work that had been accomplished with her.
At the fifth meeting of the Scientific Advisory
Council, in September 1961, discussion of the
long-range programme of the Centre clearly
showed the need for a new resesrch ship. In
1964, the Centre terminated its contract with
the owners of the ARAGONESE and chartered an
eight-year-old, 2100-ton freighter, the MARIA
PAOLINA G., which has since been the Centre's
research vessel,

The modified Engineering Research Associates
(ERA) 1101 high-speed, general-purpose, digital
computer that had been loaned to the Centre in
June 1960 by the U.§., while useful in the
early days, had a number of serious limitations
such as lack of a symbolic lapguage apd ina-
dequate word length. After four years’ service,
the ERA 1101 was replaced in mid-1964 by aa
Elliott 503, which served as the Centre's
general purpose computer for the next ten
years.

1.5 General Nature of Initial Research
Programze

Almost from the beginnring, the Ceatre's re-
search programme has been divided logically
into four or five areas of research, each area
encompassing from opne to six clearly defianable
projects. Research in such areas as environ-
mental acoustics, active sonar, oceanography,
aod operations research has been of comtinuous
importance in the programme since the first
years. Other research areas, such as noa-
acoustics, have lasted shorter periods. The
first three projects, established at the Centre
in autumn 1959, were in the areas of

1. Environmental Acoustics
2. Active Sonar
3. HNon-Acoustics.

These were followed in the spring of 1960 by
projects in

4. Oceanography
5. Operations Research.

Some of the early projects were studies using
only library and computer facilities. By far
the majority, however, alsoc involved research
at sea using the Centre's chartered research
vessel and work hoat. A large fraction of
technical support and some of the efforts of
the scientists were of necessity devoted to the
development, design, and calibration of special
research instruments for this larger group of
SACLANTCEN projects. This trend has cantinued
throughout the 20-yesr history of the Centre,
vith these technical-development efforts- some-
times recognized in the programee as separate
support projects and sometimes incorporated
withia the research projects themselves.

Sixteen specific projects are recognizable in
the scientific programme of the Centre in the
first five-year perfod, These are described in

1' Cet;tre's first research ship,
§.5. Aragonese

o W =

Calibration barge, Sarzana lake

vessels used during early research




the following chapters, where they are grouped
by research area. Most of the projects were
selected from topics recommended by the Scien-
tific Advisory Council, and later by the SCNR,
and all were approved by these groups as part
of their advisory function to SACLANT. The
information presented is taken from the SIRIMAR
final report (2) and from Annual Progress
Reports for 1963 and 1964, as well as from
individual research reports. References are
given to these reports when they have been
published as SACLANTCEN documents. However,
during the first years of the Centre there was
only limited support was provided for the
publication of research documents and much work
remained as internsl manuscripts, to which the
present author has had access.

Offices, laboratories, library, and workshops in the 1960s.



CHAPTER 2

ENVIRONMENTAL ACOUSTICS RESEARCH (1959-64)

2.1 1Iatroduction

Environmental acoustics projects have been a
major part of the Centre's research programme
since its inception. Aspects of this subject
studied over the years have included both basic
and area-related studies of propagation in deep
and shallow waters, ambient noise, signal
coherence, and reverberation. The Centre has
also served az a focus for international co-
operation in this field by organizing sciea-
tific conferences and multinational measurement
programmes.

The first four projects undertaken in this
research area were:

2.1 Bottom-Reflection Transmission, Sep 1959

2.2 Coherence Studies, June 1962

2.3 Rydrophone Calibration, May 1963

2.4 Sea-Water Attenuation, August 1963
(The project numbers are those used in the 1963
and 1964 Annusl Progress Reports; dates are
those given as the project start dates.) Since
all of the early studies concerned sound pro-
pagation, this section of the programme was

originally entitled Acoustic Propagation
Research and later Sound Propagation Studies.

2.2 Bottom-Reflection Studies (Project 2.1)

Bottom-reflective paths, because of their
relatively large angles with the horizontal,
are less affected by thermal inhomogeneities
than direct paths. For this reason, there are
many ocean areas where these paths offer almost
the only hope of achieving ranges in excess of
a few kilometres during much of the year.
Specifically, iam the Mediterranean in the
summer, severe thermal conditions limit direct
paths from near-surface sources to two to three
kilometres, so that, except for convergence
zones, bottom paths provide the only reliable
coverage for surface-ship, hull-mounted sonars.

In this first study, the Ceatre investigated
energy transmitted along each of several paths
having varying numbers of bottom and surface
reflections. Instruments had to be designed and
built to record the time of arrival of signals
by the various paths, to measure the peak
pressures, and to square and integrate the
arrivals to determine their energy. The ex-
plosive sources used were small underwater
charges used of the Italian Navy wmodified s=o
that their hydrostatic firing would take place
at pre-determined depths down to 100 metres.

In August 1960, the first experiments were made
in a deep water-area near Corsica using one-way
paths of up to 130 km. Times of arrival of the
signal along its different paths were compared
with values calculated from bathythermographs
and echo-sounding data, and good agreement was
found.

Additional propagation measurezents relevant to
bottom reflections were made in December 1960
in the Tyrrhenian Sea and in October 1961 im
the north-west Mediterranean, the last in
cooperation with the Freach Laboratoire D.S.M.
du Brusc. Transmisgsion losses for the various
arrivals were determined in octave frequency
bands between 75 and 4800 Rz (TR-17).
Reflections from the ocean hottom were found to
vary considerably from place to place, both in
respect to the amount of energy lost in the
reflection and to the amount of signal
distortion introduced.

In the mnorth-west Mediterranean, where the
ocean bottom is flat, there is little scatter
in the data and there was evidence of a cri~-
tical angle of incidence, at least for the
lowest frequencies. Critical angles from 30°
to 22" grazing and maximum reflection losses of
7 to 15 dB were observed. At grazing angles
less than the critical angle, reflection losses
were from 0 to 3 dB for the lowest frequency
band and from 2 to 7 dB for the highest band
studied. In this area of flat ocean bottoa,
the signal was found to be considerably
distorted at angles steeper than the critical

Bottom-reflection studies: S

source, H « hydrophone. [TR~152]



Reflection losses from a flat bottom
in the NW Mediterranean, showing
dependence on frequency and angle of
incidence. [TR-42]

© |
REFLECTION LOSS VS
ANGLE OF INCIDENCE
300-600cps
"™,
°
&
]
1 EXAMPLE OF FREQUENCY
7L5-ﬂ-0q:s ! DEPENDENT REFLECTION LOSS
i |
% 1 20 3 4 S0 6 70 8 9

angle, due to penetration into the bottom, but
relatively undistorted at angles closer to
grazing.

In areas with a very rough bottom, such as the
Tyrrhenian Sea, a wide scatter in the energy
loss was observed, and evidence of a critical
angle was not always found. The form of the
bottom-reflected signal often changed com-
pletely due to scattering from the rough
bottom, the received signal resesbling a long
roll of reverberation rather than an explosive
sound.

In July 1962 a more extensive series of 16
propagation runs was made in several deep areas
of the western Mediterranean. In June and July
1963 further =scasurements were made in the
central and eastern Mediterraneam, and in
February 1964 in the eastern North Atlantic in
co-operation with two French Navy ships and the
Le Brusc lasboratory. A summary of the useful
data obtained from all of these early cruises
is contained in TR-152.

The emphasis of this early programze was on
obtaining a body of typical data, in order to
see to what degree results were area-dependent
and what featuxes might be common to a wide
variety of areas. Much of the effort was
devoted to experimental techniques, including
hydrophone calibration and the attempted devel-
opment of a reliable, repetitive, explosive
sound source (3), as well as techaniques for
inptegrating the energy received (4) and for
calculating the actual bottom-loss coefficients

().
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2.3 Coherence Studies of Ocean Acoustic Paths
(Project 2.2)

In sonar signal processing, the ultimate limit
on improved signal-to-noise ratios, or on time
and bearing resolution, is the degradation of
the acoustic signal introduced by the ocean
medium. This applies equally to all types of
sonar, to comrunications, and to IFF systeas.
Signal degradation, or loss of information
content, can be due to such causes as
reflection from ocean surface or ocean floor,
interference between multipaths, or wave-front
distortion produced by sound speed inhomoge-
neities in the volume of the ocean. -

Early in 1962 a study of the coherence of ocean
acoustic paths was undertaken to determine "the
information degradation of signals along
various acoustic paths in the ocean, relating
this to the performance of specific silitary
systems.” It was decided to select simple
cases for investigation rather thaa to make
measuregents of the combined effects of many
causes. Attention was first focused on
forward scattering due to volume inhomoge-
neities as experienced along a single direct
path (6,7,8). Measurements in March 1963
showed that this was probably a less important
cause of phsse and amplitude fluctuations than
reflections from the rough seas surface and/or
bottoa.

In mid-1963, measurements were made of sound
reflected by a strong thermocline gradient. It
was discovered that under these conditions
there is a phase change of the order of 90,
independent of frequency (TM-87).

2.4 Sea-Water Attenustion (Project 2.4)

Until the early 1960s most mcasuremeats of
frequency-dependent sea-water attenuvstion were
for the frequency raage above about 5 'kHz. The
small amount of lower frequency data available
showved that the high-frequency foraulae could
not be extrapolated to the lower frequeacies.

Since the deep Mediterrasnean water is iso-
thermal below about 400 m, it was realized that
the deep refracted ray could be used to measure
frequency-dependent attenuation for frequencies
from 200 to 10 000 Hz usiog signals from ex-
plosive sources travelling along this path.
New values of sea-water attenuation were com-
puted from data acquired during bottom-
reflection sea trials (TR-43).

2.5 RNature of Propagation in the
’ Mediterranean

Although the early programme emphasized studies
of bottom-reflected paths, a number of mecasure-
sents also gave valuable information on sound-
channel propagation. This was shown to be of
considerable significance for military opera-
tioas in the Mediterranean Sea, since a strong
sound channel extends from a ‘shallow depth to
beyond the maximum operating depths of sub-
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Sound propagation in the MNediterransan and
adjacent seas. From lits inception the
Centre started to study sound propagation 0+
In 4its home waters and to extend these
measurenents throughout the MNediterrancan
and adjacent seas. The upper figure indi-
categs the principal basins, sub-basins,
and gills of this region. The figure at
the right shows typical seasonal sound-
speed profiles in the northern part of the
Western Mediterrarean, that below shows
how the surface temperaturses vary season-
ally In the different basins. The figure
at the lower right compares the sound-
speed profiles of the Western Mediterranean
and the Black Sea with those of equatorial
and northern Atlantic waters, J1llustrating 200-
the special characteristics of the former
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marines. The results showed low transmission
losses in the sound channel, and indicated the
possibility that location of a sonar transducer
within the channel would offer reliable sonar
ranges at least ten times those of hull-mounted
sonars (9). -

The Mediterraneaa is virtually land-locked and
therefore cut off from the cold polar currents.
As a res%lt, temperatures in the deep water are
about 10 C greater than they are in the deep
Atlantic and Pacifiec. The temperature drop
across the thermocline is much less and occurs
in a shorter vertical distance. As a result,

the axis of the deep sound channel is shallower
than in the deep oceans, the critical depth at
vhich the
is much less,

sound specd equals that at the

surface and convergence zone

— DTN (mplern)

Sound attenvation in the sea. The results
shown below were obtained by using the deep
refracted rays shown above. [TR-43]
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spacings are only about half those usually
found in the great oceans. These facts were
realized early in the history of the Centre
(10). Measurements made in October 1962 in
cooperation with the French Le Brusc laboratory
confirmed that convergence 2ones occur at
intervals of about 35 km for source depths of 5
to 20 m.

2.6 Hydrophone Calibration Facilities
{(Project 2.3)

Development and testing of transducers and
hydrophones was an important early activity at
the Centre in support of its propagation
studies, and in May 1963 this was recognized as
a separate project. The calibration facilities
of the Freach Le Brusc laboratory were used at
first, but it soon became apparent that the
Centre required facilities much closer to La
Spezia. A calibration raft was built and used
in the bay outside the laboratory but this was
found to be unacceptably noisy. A barge wvas
then procured from the Italian Ravy in co~
operation with two neighbouring orgamizations
and installed on a small lake near Sarzana, a
few kilometres from the Centre. This facility
was used for the Centre's calibration work
until about 1968.

Late in 1961 the Centre undertook a coordi-
nating role in the “international standard-
izatiou of hydrophone calibration. A ques-
tionnaire was sent to a number of candidate
laboratories, and two hydrophones lent by the
US Navy Underwater Sound Reference Laboratory
were then circulated to eight active partici-
pants. The results showed generally good
agreement between the facilities (11).

2.7 First Acoustic Propagetion Conference

Throughout its 20-year life the Centre has
organized a large number of scieatific confe-
rences attended by scientists from the NATO
community. The subject of the firat, in July
1961, was Underwater Acoustics Propagation
(TR-9); this was attended by aeventeea outside
scientists, some of whom continued their con-
nection with the Centre over a long period
thereafter. The conference covered uine topics
and was of importance not omly in establishing
ipternational cooperation but also in influ-
eacing the Centre's research programme in these
early formative years. One result was thst
enphasis was placed on frequencies below a few
kilohertz and on ranges out to 150 ka and
greater.



CHAPTER 3 ACTIVE SONAR RESEARCH (1959-64)

3.1 arget Classification by FM Sonmar
xgchnigggg (Project 1.1)

When the Centre was formed, three of the major
NATO powers had large research and development
programmes related to low-frequency, long-
range, passive sonar systems. The Scientific
Advisory Council therefore recosmended that the
Centre confine its vrelatively small sonar
efforts to improving mobile active Sonars. The
single sonar project undertaken during this
first period was concerned with the application
of FHM sonar techniques to target classifi-
cation.

World War II sonars used pulse lengths of the
order of 20 ms, for which range discrimination
is so good that target length, aspect, and
other classification clues can be derived.
With the need to increase operating ranges,
longer pulse lengths were necessary, and s
practically all this classification capability
was lost. Frequency wmodulation (FM) offered
the promise of combining the noise resistance
of long pulses with the classification advan-
tages of short pulses. Although this was not s
new idea, ro extensive application of FM had
been made when the Centre began its study.

The first task was a preliminary theoretical
study of linear FH pulse operation (TR-4) to
derive required parameter values and their
tolerances. Then a breadboard equipment was
built. Preliminary sea trials with this appa- Y

ratus in mid-1960 used reflections from the "\',"

bottom in various depths of water. Later BT T SWBT T
trials tested one~way transmission between two
ships to a maximum range of 15 km, using both
direct and bottom-bounce paths.

16
Laboratory analysis of the tape recordings from
these trials indicated that effective range
resolution was of the order of 10 m when clear
echoes were received, corresponding to a short
pulse of nearly 15 ms. The signal received on pwLi
a direct, one-way path was a simple replica of Vi, a Ml »“,.“,‘ -
the equivalent transmitted short pulse. Via
bottom bounce, the received signal generally
contained three or four peaks corresponding to ‘!}
the expected multipath propagation between WN‘WM 14 i
surface and bottom. In only about 10 to 20% of
the records was the received signal so smecared
by reflection from the bottom that individual
peaks were unrecognizable.

The promise of these experiments was considered
sufficient to justify the construction of
better enginesred electronics with which trials 17
against an actual target submarine could be
carried out. With the limited power and small
array available at that time it was impossible

to obtain echoes via a bottom~bounce path. Echo traces of submarine recorded at
However, direct-path echoes from submarines bandwidths of 110 Hz, 220 Hz, and
were obtained out to a maximum range of between 440 Hz by FN sonar techniques. Sub-~
6 and 8 knm. The results of the wmid-1961 experi- marine at 45° aspect,, 1800 m range,
pents with the submarines TRUTTA (US) and TOKEN and 140 ft depth. [TR-23]

(UK) as targets showed clearly that long FM
pulses could produce echo structures com-
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parable with those obtained with the World
War II short-pulse sonars.

While the validity of the FM technique in its
proposed ASW yole wvas being established, consi-
deration was given to the form Lhat a practical
sonar equipment might be expected to take. The
equipment wused up to this time had been
adequate only for making tape recordings to be
subsequently - frequency-analyzed in the labo-
ratory, 8 very slow process. One of the msjor
engineering difficulties in the use of FM for
sonar had been the design of the gnarrow-band
filter array reguired for final frequency
analysis and the presentation of this multi-
plicity of filter outputs on a CRT screen or
other display. It was proposed that the whole
equipment should be digitized. This would
permit shift registers to be used in place of
filter arrays and output information could be
presented serially as a time intensity function
that was immediately applicable to existing
displays. The construction and laboratory
testing of this first digital equipment was the
main task during 1962 (12).

The equipment was tried at sea in October 1962
against a tri-plane target, no submarioe being
available. Range resolution and general be-

s7
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haviour were as anticipated, although maximum
ranges were limited to less than 1 ki by severe
ray bending at the time of the trial. In early
1963 further proving trials were conducted with
a submarine. Sonar conditions were good and
ranges in excess of 15 km were achieved.
Doppler of 2 to 3 kn was readily detected at
ranges of more than 10 lomn.

Later in 1963, sea trials compared performances
of short-CW and 1long-FM pulses directly.
Results confirmed that the theoretical perfor-
mance of FM transmissions was being achieved
and that ¥M was therefore superior in making
possible longer ranges when propagation condi-
tions were favourable.

By the beginning of 1964 experimental FM sonar
development had reached a state of potential
application in NATO naviesa. A comprehensive
suspmary report was written (TR-23) and a number
of oral presentations were made. All informa-
tion then available was released to those
nations that requested it. The U.S. adopted
the digital M technique for its large surface-
ship sonars. Italy also showed an interest,
and arrangements were made fqr tests in 1965
using the 5Q5-23 on the ANDREA DORIA.



CHAPTER 4

NON-ACOUSTIC ASW RESEARCH (1959-64)

4.1 Introduction

Sonar has become the most generally used method
for detection of fully submerged submarines at
long ranges because of the ease of sound trans-
mission through sea water. Radar and electro-
magnetic intercept reception are also used
successfully, but only against submarines at
snorkel depth. Other non-acoustic methods
generally have limited range and are primarily
useful only in tactical situations. A few
national laboratories bhave carried on research
in non-acoustic techniques, both with the hope
of achieving long-range reception by this means
and to develop sonar adjuncts that would pro-
vide classification and 1localization in
tactical situations.

At the Centre, a major effort was undertaken in
the area of extra-~low frequency (ELF) electro-
magnetic detection. The project was begun in
October 1959 and temminated in 1969 after the
work had been transferred to mnational pro-
grasmes. A smaller and shorter-lived effort
concerned with surface manifestations of the
passage of a submerged submarine was begun in
July 1963 as a part of the oceanography pro-
gramme and lasted about two years.

4.2 EIF Electromagnetic Research
{Project 5.1)

Of the alternative methods of submarine detect-
ion, especially as a classification adjunct,
one of the more attractive is electromagnetics.
In the frequency range below 100 Hz absorption

ELECTROMAGNETIC RESEARCH

is small enough to offer the possibility of
ranges of the order of a kilometre. Although
there had been sporadic work in the electro-
magnetic field in the twenty years before 1959,
this frequency range had not been examined very
closely. Also, by 1959, advances in processing
techniques wade the prospects of success of
electromagnetic (EM) systems considerably more
likely.

There are two distinct methods for EM detection
or classification: active and passive. The
active method detects the disturbance intro-
duced by a submarine in an EM field set up
artificially by one or more transmitters. The
passive method detects EM signals generated by
the submarine itself. The research programme
begun at the Centre in October 1959 concen-
trated mainly on passive EH detection in the 1
to 100 Hz frequency range. This ELF band was
chosen because submarine-generated signals have
their fundamental frequencies in this range,
and the attenuvation of signals propagating in
the two-medium space decreases with decreasing
frequency.

The combined theoretical and experimental
programme established at the Centre aimed at
increasing knowledge in four basic areas:

(1) Propagation of EM energy in a two-
medium space of air and sea water.

(2) Spectral distribution of background
noise and its coherence properties.

(3) Signals generated by submarines.

(4) Optisum platforms from which to

detect EM signals.

Preparation of ELF electromagnetic passive detection egquipment

before an experiment.
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The experimental part of the programme started
in 1960 with the development, design, and cons-
truction of equipment, as no commercial equip-
ment was available for this low-frequency
range. The first detectors were coils from
magnetic mines coupled to low-noise pre-
amplifiers, with the ontputs fed to paper
recorders. Tino Island in the Gulf of
la Spezia, owned by the Italian Navy, was
chosen as a site that had a sufficiently low
level of electrical power background for this
experiment. Two stations were set up and back-
ground measurements started (2, pp 77-93).
Later, in 1961, experiments were conducted to
verify theories on propagation of EM waves from
a suhmerged dipole and to learn about pro-
perties of large anteona systems.

The early experiments revealed a number of
problems. It was found that mine coils had
several disadvantages when working in this
frequency range. Further, use of the island
was unsatisfactory in that it acted as a large
insulator &t the surface of a conductor,
distorting the field to be measured. Also,
submarine operations so near an island were
unsafe. Therefore a nev measuring facility was
designed that could be slung from a buoy
6 miles west of the island in 100 = of water.

By the end of 1962, ELF electromagnetic passive
detection had been shown to be sufficiently
promising to merit continuation of the research
programme. Ranges of at least the same order
of magnitude as MAD appeared to be achievable
in deep water, with longer rasges expected in
shallow waters.

Experiments carried out with submarines in the
area west of Tino in 1963 showed the submarine-
generated signature to be of impulsive
character with a repetition frequency corres-
ponding to the numbér of shaft revolutions.
Large variations of peak level, repetition fre-
quency, and waveform were found (13). Addi-
tionsl data taken by the British and French
Ravies at their acoustical test ranges con-
firmed these conclusions (TH-86).

Much of the effort of the project in 1964 was
devoted to the preparation of reports. These
included an extenzive bibliography (TR-25) and
a summary technical report in three parts
(TR-36,37,;38) describing work done from the
inception of the project. Some of the experi-
mental techniques are described in more detail
in TM-96 and 97. The only experimental work
done in this period consisted of bsckground
noise wmeasurements with improved electrode
systems.

4.3 NATO Conference on EM Phenomens

In September 1962 the Centre sponsored a confe-
rence on "ASW Applications of EM Phenomena in
tbe Extremely Low Freguency (EVF) Range (1-3000
cps)" at NATO Headquarters, Paris. There were
thirtysix participants, representing all of the
NATO naval nations, and one observer Mr L.
Brock-Nannestad, of the Centre's EM team,
served as Chairman of the conference. Twenty
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Tino island, off lLa Spszia, where two
stations were established to make ELF
measurements. [TR=37}1

papers were presented, and complete proceedings
were issued subsequently by the Centre (TR-14).

4.4 Study of Surface Manifestations of the
Passage of a Submerged Submarine
(Project 4.4)

In mid-1963 the Centre's Oceanography Group
started work to achieve a better understanding
of near-surface and surface phenomena, moti-
vated by the possibility of detecting surface
effects caused by submarines passing through
water having a density gradient.

The particular surface manifestation studied
was that caused by the near-surface conver-
gences and divergences related to the vertical
collapse and horizontal spreading of the wake
of a submerged self-propelled bedy travelling
in a density gradient. Results reported in the
literature had shown that wake collapse could
be an efficient generator of internal waves,
which would then manifest themselves by changes
at the surface. The Centre's contribution was
controlled tests in a small, transparent taonk
in which stable and unstable density gradients
could be introduced by thermoelectric heating
and cooling elements. From the results of the
tank experiments, a relationship was derived
that gave the extent of surface thermal mani-
festations as a function of the density
gradient and the depth of the submarine.

Fluctuations of temperature gradients existing
naturally in the ocean in the upper 10 to 20 cm
constitute the background noise against which a
submarine-generated thermal sgignal would have
to be detected. Some preliminary seasurements
were made (TR-35), but the project lost its
impetus when the originstor, Dr Allen Schooley,
left the Centre in mid-1965.



CHAPTER 5

OCEANQGRAPHIC RESEARCH (1960-64)

5.1 Iatroduction

The Centre's Scientific Advisory Council, at
its initial meeting, held in the spring of
1959, proposed a variety of subjects from which
it felt the Centre might usefully select its
initial scientific programme. Among its other
recommendations the Council stated:

"Oceanography itself is of the great-
est importance to the ASW problem," and
"A continuous effort should be wmain-
tained to preserve the closest possible
relationship between oceanography and
its military acoustic consequences."

Two years later the Working Group on Geophysics
of NATO's Von Ksrman Committee (14) also com-
cluded:

"Improved understanding of oceamographic
phenomena depends on the advance of
fundamental research which aust be
supported by the military. In general,
significant scientific advances can be
expected.....

The development of oceanography must
be accelerated if we are to mecet future
military requiremeats. Fundamentsl
research is required in nearly all areas
to extend our understanding of the
phencmena involved.

++...0ceanography is, therefore, a field
in which allied cooperation could be
effective and valuable..... "

In the beginning, the Centre's research concen~
trated on the Mediterranean, for which there
was 3 clear need for oceanographic information.
Four projects were undertaken in the first five
years:

4.1 Military Oceanography (Prediction of
Oceanographic Conditions and Their
Correlation with Sonar Performance),
Jan 1960.

4.2 Submarine Geophysics, April 1960.
4.3 Study of Internal Waves, Jan 1961.
4.4 Near-Surface Phenomena, July 1963.

Originally the Military Oceanography Project
was assigned to the Applied Research Group so
that the Oceanography Group could concentrate
on unclassified pure research. This work was
merged with the other oceanographic projects in
1963. The problem of finding the proper
balance between research for military appli-
cations and unclassified basic oceanographic
research bas been a continuing challenge for
the Centre's management,

5.2 Military Oceanography Project
{(Project 4.1)

In the field of military oceanography the
Centre selected for its study the prediction of
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oceanographic conditions and their correlation
with sonar performance (2, pp 95-104). During
January-February 1960, two members of the
Hilitary Oceanography Group and an officer from
the SACLANT Deputy's International Staff
visited scientific institutions and military
commands in Canada and the United States that
were concerned with the problems of oceano-
graphy and, in particular, with its application
to ASW. They were seeking to determine which
oceanographic factors were, or might become,
isportant to the military in ° successfully
meeting the ASW threat. Vigits by this team to
each of the other seven participating nations
had been made by the end of 1962.

The conclusion of the first trip was that, in
spite of present knowledge, much more research
was needed to better understand how oceano-
graphic factors influence sonar range. It was
also decided that the required understanding
could best be obtained by conceatrating ini-
tially on a particular body of water of
moderate size. The study could thea be
extended to larger ocean bodies, conceatrating
on those factors shown to be of primary impor-
tance as a result of the work on the smaller,
“typical" ocean areas.

As its small ocean area, the Ceatre’'s scien-
tists selected part of the Ligurian Sea between
Corsica and the coastline of the French and
Italian Rivieras. Repeated surveys were made
in this area, at roughly monthly intervals,

| Depths in Fathoms

Area chosen for initial detailed studies
of bow oceanographic parameters influence
sonar range. [TR-8]



between July 1960 and October 1961 (TR-8).
During these oceanographic surveys, bathy-
thermograph readings and water sasmples were
taken to get an idea-of the horizontal gradient
and of changes in the vertical gradient of
temperature and salinity. Measurements of
atmospheric conditions were also included,
Propagation-loss mecasurements were obtained
from the work of the Acoustic Propagation
Research  team. A computer program was
developed to expedite the bandling of future
data by converting measured values of texpe-
rature, salinity, and pressure (depth) into
sound apeed. The Group also assembled
pertinent, previously~collected data on the
Ligurian Sea.

Bydrostatic corer designed for
sex~floor studies. [TR-34]

The study of ocesnographic prediction for
military applications was merged with the pilot
study (PASWEPS) of the U.S. ASW Enviroamental
Prediction System (ASWEPS) in the EASTLANT
area, and by 1964 the major activity of the
Group had become participation in NATO's MILOC
surveys.

5.3 Submarine Geophysics (Project 4.3)

Knowledge of the structure of the layers below
the ocean bottom is important in understandiuog
the character of reflections of sound from the
bottom. Studies of the bottom were therefore
introduced at an early date into the Centre's
oceanographic research programme.

In the few years prior to the establishment of
the Centre there had been considerable advance
in instrumentation necessary for the study of
the ocean floor. In particular, in 1956
Cambridge University had developed the nuclear-
spin magnetometer for use at sea, towed behind
a ship. Between 1956 and 1960 this had been
used successfully im aix crwises. Dr T.D.
Allan of the Cambridge group joined the Centre
in @id-1960 and initiated a project in which a
Cambridge magnetometer and two gravity meters
were used for geophysical surveys of the Medi-
terranean and Red Seas.

After initial engiveering tests of the new
proton magnetometer in May snd June 1961, the
group embarked on a series of ten month-long
cruises between July 1961 and June 1964. They
made complete gravity, magnetic, and bathy-
metri¢ surveys of the Ligurian, Tyrrhenian,
Aegean, Ionian, Eastern Mediterranean, and Red
Seas (2, pp 142-158). The results were
presented to the Royal Society, London (TR-183)
and to the 19th Meeting of the International
Comnission for the Scientific Exploration of
the Mediterranean Sea. Aspects of the wvork
were also published io Nsture (TR-39),
Geophysics, and the Journal of Geophysical
Research. The Centre's bathymetric survey of
the Red Sea was published as U.K. Admiralty
chart C6359.

Some of the published results of gravity,
magnetic. and hathumetric surveus of the
Mediter:




5.4 Sea-Floor Studies

Magnetic and gravity surveys do not directly
provide the type of information required for
acoustic modelling of the bottom and for under-
standing bottom-bounce transmission. In April
1963, the Centre initiated a sub-project of
Project 4.3 to provide basic inforwation on the
sedimentation of the sea floor and on the
structure of the upper layers of the sub-
structure.

A gravity corer that had been used in the geo-
physical studies was unreliable. A new hydro-
static corer was designed and a prototype
tested in 1964 to water depths of 1700 m. 1In
1964, a new wide-diameter, sphincter-closing,
gravity corer was also developed and tested
(15) (TR-34,112). This device, which has been
used extensively ever since, was first used in
December 1964 to take cores in areas studied by
the Sound Propagatioa Group.

5.5 Study of Internal Waves (Project 4.2)

A major cause of fluctuations of sound propa-
gated in the sea is the strong modification of
the thermal stratification by the turbulence
agssociated with internal waves. These internal
waves had been investigated in the 18508 by Dr
J.B. Hersey of the Woods Hole Oceanographic
Institution plotting isothermal lines measured
by a long, towed-thermistor chain,. The
Centre's early interest was in internal waves
ia so-called transitional areas such as the
Straits of Gibraltar and Sicily.

Much of the evidence for interpal waves had
been obtained from the wvariation of thermsl
microstructure in the top hundred metres of
water. To show that there is actuslly a wave
motion amd to atudy its properties, it was
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thought necessary to have arrays  of fixed
sensors moored to the bottom and recording
continuously for considerable periods. An
array of this type was completed and tested in
1962 and several models were assembled for
field tests in 1963. The tewperature-sensing
elements used were thermistors, the tempe-
ratures at various depths being recorded at
time intervals after an initial voltage was
applied. This permitted the use of a single-
core cable. The array was held vertical by a
submerged buoy free from surface-wave effects
and of special low-drag design so that it was
barely affected by tidal currents. The data
were recorded on magnetic tape in the buoy and
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Studies of internal waves. A bottom-
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transmitted to a ship via an FM radio link with
a floating buoy (TR-65). An &coustic releasing
systes for recovering submerged oceanographic
buoys was also developed for this project
(TR-19).

In the Gibrasltar area in 1958-59, internal
waves had been found of from 40 m to 110 =
arplitude and of periods from 15 to 30 minutes,
recurring with the tidsl period. Dr Frassetto
of the Centre participated ia a cruise of the
Woods Hole RV CHAIN in tbat area in September
1961, during which these internal waves were
studied with a 200 m long thermistor chain
towed at 10 kn. A similar survey was msade by
the CHAIN in the Strait of Sicily in September
1962. Data from both these cruises were
analyzed at the Centre (TR-30).

The initial internal waves project serged with
other studies of the Gibraltar area by late
1964. The subject of internal waves bhas,
however, recurred a number of times in the
Centre's history, both in connection with their
acoustic effects apd as newer instrumentation
made possible the acquisition of more defipi-
tive results.

5.6 Studies qf Surface and Near-Surface
Phenomena (Project 4.4)

The project on surface and near-gurface pheno-
mena begun at the Centre in July 1963 by Dr
fundamental

Allen Schoocley was a research

approach to apn aspect of ocesnography thought
pertinent to the possible detection of sub-
marines by surface thermal observations.
Studies specific to the surface manifestations
of the passage of a submerged submarine have
already been covered in Sect. 4.4 in the
chapter on non-acoustic-ASW. In addition, Dr
Schooley initiated studies of ‘the turbulent
boundary layer in air above wind-generated
water waves, and of the interaction between
wind-generated water waves and surface
currents. This work was short-lived, since Dr
Schooley returned to the U.S. in Septegber
1965. Instrumentation developed for measuring
temperature gradients at the sea/air interface
apd some preliminary results are given in
TR-35.

In copnection with this aspect of oceanographic
research, the Centre provided the conference
director and otherwise participsted actively in
a NATO Advanced Study Institute on Air/Sea
Interaction held at the Imperial College in
Londoa in September 1962. u

Ingtrumentation for measuyring fine details of the temperature gradients at the air/sea
interface in an attempt to identify surface manifestations of the passage of a sub-

merged submarine. [TR-35]
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CHAPTER 6

OPERATIONS RESEARCH (1960-64)

6.1 Introduction

Early in the Centre's history, it was re-
cognized that a research establishment in a
remote area might become disconnected from the
real ASW world. To counter this, the nations
provided ASW programme officers and the Centre
forsed Operations Research (OR) Group to:

(1) Investigate existing systems operated
by the NATO navies.

(2) Assist other groups in the Centre in
the planning and analysis of their experiments.

(3) Consider possible future ASW systems.

Projects undertaken by the OR and Theoretical
Studies groups in this first period included:

3.1 Investigation of False Sonar Contacts
March 1960

Multiple Salvo Investigation
1961-62

Position at Sea by Triangulation
1961-62

3.2 Tactical Studies
July 1961

3.3 Significance of Satellites to ASW
April 1962

3.4 Exercise Analysis and Data Collection
March 1962

OR projects by their very nature are generally
wuch shorter-lived than research projects,
which require extensive measurements at sea.
Thus, of the above list, only the Tactical
Studies and Exercise Analysis projects lasted
more than a few years.

6.2 Investigation of False Sonar Contacts
(Project 3.1)

In January 1960, SACLART suggested that the
Centre investigate submarine~like false
contacts made by sonars in the open oceans. An
area of approximately 1000 n.mi? west of France
and Portugal was selected. SACLANT formally
requested all NATO navies to report any sonar
operations in this area to the Centre. Over a
four-year period the Centre received appro-
ximately 700 such reports, in which B0 false
contacts were noted. The reports covered 7500
hours of sonar watches and about 100 000 n.mi
of track. This false-alarm rete of one per
1200 n.mi found under uncontrolled conditions
was ten times lower than that experienced in
the NATO ASW exercise MAGIC LANTERN in 1963.
It was therefore concluded in November 1964
that any future work done by the Ceatre on this
subject should be based on data from NATO
exercises rather than from non-exercise condi-
tions (TR-27).
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6.3 Multiple Salvo Investigation

This study was an assessment of the logistic
cost of a certain type of saturation barrage
employing a simple contact projectile for
destroying a located submarine. Although the
number of projectiles likely to be required
would be high, the cost of individual sophisti-
cated weapons had soared enormously, and the
disparity in overall cost might not be large.
The problem proved especially useful to the
Centre as an exercise in collecting realistic
weapon data, and in programming the computer to
take account of a wide variety of parameter
variations. It was concluded that a case could
be made for an inexpensive weapon having a
relatively low probability of detection
(2, pp 108-112) (TR-12).

6.4 Position at Sea by Triangulation

The acoustic propagation and oceanographic
experiments conducted at sea by the Centre's
research ship ARAGONESE revealed the need for
accurate knowledge, to withia a few metres, of
the geographical position of a single ship, the
precise distance between two ships, and the
velocity of a ship over the ground. In 1961,
the Centre tested a wmethod of measuring a
ship's position to an accuracy of a few metres
by simultaneous optical observation from two
points on shore. The method chosen was the
simple surveying procedure of triangulation,
i.e., wmeasurement of the horizontal angles
between a precise base line and the lioes of
sight from each end of this base lige to the
ship. The test used a base line of about 10 im,
and, for this, plane trigonometry was accurate
enough to permit calculation of the distaoce of
the ship from one or both ends of the base
line. However, measurement of geographic
position of the ship required use of spherical
trigonometry modified by the introduction of
corrections for a spheroidal earth (2,
pp 112-3).

6.5 Tactical Studies (Project 3.2)

There are certain classes of theoretical
problems in antisubmarine tactics that can be
studied without direct contact with ships, and
weapons. One such class concerns the geometry
of moving objects such as aircraft, ships, and
submarines; it can be applied to the design of
convoy escort screens, aircraft search
patterns, and other tactical formations of
practical importance. Considerable progress in
this field had been made during World War 1I,
much of which was described in Report No. 56
"Search and Screening", issued by the UB.S. Navy
Operations Evaluation Group (OEG). The methods
used were those of orthodox mathematical
analysis and probability theory. Although
these methods were adequate for the simpler
problems, limitations were encountered when the
aumber of objects, their motions, or the as-
sumptions vregarding detection probabilities,
became complicated.



The Centre's OR group undertook two approaches
to the kinematical study of ASW tactics:
mathematical probability analysis, and simula-
tion on an electromic computer (2, pp 122-132).
Some of the specific topics explored during the
first years of this long-lived project
included:

1. Submarine penetration of a line
barrier (TM-85).

2. Interception of a moving target based
on intermittent position reports (TR-28).

3. Development of computer simulation
methods (TN-82,88).

6.6 Significance of Satellite Recomnaissance
for Submarine Warfare (Project 3.3)

One of the events leading to the establishment
of SACLANT ASW Research Centre was the launch-
ing of the space age with SPUINIK 1. The
availability of such earth-orbiting satellites
led to an early OR project at the Ceatre to
examine the implications thereof to a submarine
pover. Submarines face wmajor problems in
acquisition of intelligence to decide where
forces should be concentrated and also in
comnunication among themselves. Artificial
satellites were recognized to be potentially
powerful in both of these roles.

The study divided into three phases: geo-
wetrical, physicsl, and tactical. The first
concerned the surveillance coverage that a
satellite might provide as a function of its
path, height, rate of orbiting, range of

Analogue device to simulate the behaviocur
of reconnaissance satellites in circular
orbits of varions altitudes and inclina-
tion. [TR=-29]
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vigsion, etc. The second covered the limita-
tions on this surveillance by natural physical
phencmena such as cloud cover., The tactical
phase naturally had aspects of both attacker
and defender. The two-year study (2, pp
113-122) was begun in April 1962 and was
completed with the writing of a final report in
1964 (TR-29).

6.7 Exercise Analysis and Data Collection
(Project 3.4)

Several NATO ASW Exercises are performed each
year. Participation in their planning and
analysis has been recognized since 1962 as an
important contribution of the Centre to NATO
ASW capabilities, as well as being a prime way
for the Centre's scientists to become aware of
ASW problems in the real world. Because of
limitations in time and manpower, the Centre's
efforts have been 1limited to extraction of
performance figures for antisubmarine vehicles,
weapons, and tactics from a small aumber of
selected exercises.

In the early period, the Centre participated to
some degree in three exercises per year:

1962 DAWN BREEZE 7
on board a Canadian destroyer

SHARP SQUALL 6

on board a Canadian destroyer

MEDSUBEX 13
on board French submarines

1963 DAWN BREEZE 8
on board a French submarine

FISHPLAY 7
in Maritime Headquarters

MOON TIGER 2
on board an Italian frigate

1964 MAGIC LANTERN
on board British frigates

LONG LOOK
on board a U.S. submarine

TEAM WORK
in Maritime Headquarters

In the case of FISHPLAY 7, the Centre provided
three meambers of the data collection team and
two members of the EASTLANT analysis team. At
least two Centre members also participated in
the analysis phase of each of the three exer-
cigses held in 1964.

6.8 First Centre-Sponsored OR Conference

During 1963, a significant fraction of OR Group
effort was devoted to organizing, hosting, and
preparing proceedings of a NATO Conference on
the Application of Operational Research to the
Search and Detection of Submarines, held in
June of that vyear. Forty-five scientists
attended and twenty eight papers were pre-
sented, with a good balance achieved between
theoretical and practical expositions (16). W
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CHAPTER 7

PERIOD OF GROWTH (1964-69)

7.1 Management Aspects

The Centre's second five years showed steady
growth in numhers of personnel, size of budget,
capabilities of facilities, as well as in
scientific achievement. The scientific staff
grew from 40 in 1964 to the final authorized
number of 50. The support staff increased from
about 132 in 1964 to 180 in 1969; thus the
Centre reached its maximum authorized com-
plement of 230 in that year. Over this same
period the budget increased gradually froa
about 1400 million lire (U.S. $2% million) in
1964 and 1965 to about 2200 million lire in
1969. Most of the budget increase was related
to the incresse in personnel.

The Director at the beginning of the period was
Dr Henrik Nfdtvedt of Norway. From April 1967
the position was held by Ir Maarten van
Batenburg of The Netherlands. As has occurred
ever since, the position of Deputy Director was
filled by a U.S. scientist: the present time,
the Deputy Director position was filled by U.S.
scientists: Dr William VWineland from January
1964 until June 1966, and Dr Royal Weller from
June 1966 uotil June 1969.

A major upheaval during this period was caused
by the French withdrawal from direct participa-
tion in NATO military activities in 1967.
France was no longer represented on the SCNR
and French military and administrative repre-
sentation was terminated; after lengthy
discussion, however, it was agreed that the
seven French scientists then on the staff could
remain, Six of the scientists, including
Group-Leader Robert Laval, fulfilled at least
their normal contract dates. Prior to settle-
ment of the issue, the Centre had taken steps
to replace the French, so that for a period the
number of scientists exceeded the quota. The
unsettling effect of the 1lack of certainty
about the French scientists lasted for almost 2
year.

7.2 Revised Terma of Reference

Three areas of research were specifically
listed in the Revised Terms of Reference issued
by SACLANT for the Centre in January 1964 (17).
These were stated as:

a. Applied research directed prisarily
towards detection, classification, and
identification of submarines at sea, with
the asjor emphagis on underwater
acoustics.

b. Basic research in oceanography, inclu-
ding physical oceanography and submarine
geophysics, with ewmphasis given to limes
of research having potential application
to ASW problems.

c. Operational research studies and
investigations in support of NATO research
efforts devoted to the development or
improvement of ASW systems.

Ir M.N. van Batenburg
The Netherlands
Director 1967-72
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External organization throughout the NATO
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DIRECTOR

DEFTY m{"oﬂ’
Ageic gt gron Fimy~co ' :::;i:. l
l TARGEY l souwd | oxnnoaul I
cLASSIPiCAYION | |PmorasaTION RESELACH OCEANOGRAPRY E

Internal organization in the 1960s.




7.3 Trends in Scientific Programme

The scientific programme described in Part I
was to a significant extent continved in the
second five years, but with some notable ex-
ceptions. At the request of SACLANT, much of
the area~related research and some operations
snalysis studies were shifted froam the eastern
and central Mediterranean to the Strait of
Gibraltar and the eastern North Atlantic. For
much of this period, most oceanographic,
acoustic, and electromagnetic measurements were
made in the Gibraltar area, while the Operation
Research Group studied possible barrier systems
for this region. Under the military oceano-
graphic project, the Centre also organized and
participated in the first of the multi-national
wilitary oceanographic (MILOC) surveys, which
were conducted in the eastern North Atlantic in
1965 and 1966.

The capabilities of FM sonar having been shown,
emphasia in active sonar research shifted to
two other projects; space/frequency clas-
sification and the development of a deep pano-
ramic sonar exploiting the relisble acoustic
path (RAP). The use of digital techniques,
originally chosen for the FM sonar application,
was expanded to the handling of acoustic and
oceanographic data. Active work on ELF
electro-magnetic detection terminated in 1968,
and research on non-acoustic detection of sub-
marines was then dropped from the programme for
almost ten years.

7.4 Facilities

A serious space problem resulted from the
expansion of staff during this period. The
majority of the needed space was obtained by
building mezzanine floors, by storing research
equipments in a small additional building
acquired from the Italian Navy in 1967, and by
relocating the computer. As a result of these
actions, work was frequently disrupted; in
fact, the Centre was without the use of its
computer for seven months in 1969.

The merchant vessel MARIA PAOLINA G. (MPG),
acquired by charter in March 1964, was
gradually converted into an outstanding oceano-
graphic/acoustic research vessel. Important
modifications made to the ship included a well
for suspending large arrays, an active rudder
and variable-pitch propeller for station keep-
ing at speeds below 5 kn, improved accommo-
dations for scientists so that longer cruises
could be undertaken, improved radar and radio
communications, LORAN-C navigation system,
60 Hz ac generators, special booms and winches
to handle over-the-side instrumeatstion, and a
new precigion depth recorder.

Noise radiated by the MPG itself interfered
with some acoustic tests and especially limited
its usefulness for ambient noise studies.
Attempts to quieten the ship were made whenever
feasible, and in 1967 its noize output was
measured on the French Laboratoire DSM du Brusc
acoustic range (_lg). However, as the wmain
propulsion system uses diesel power it has
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The Centre's second research vessel
MARIA PAOLINA G.




never been possible to achieve really silent
operation.

In 1965 the MPG was at sea for 239 days for 29
scientific cruises. 1Im 1966 this figure was
246 days for 32 cruises in support of 15 pro-
jects. Nine of these cruises in 1966 were in
conjunction with various RATO warships, subma-
rines, and auxiliaries. Generally, more than
half the seas time supported oceanographic
research projects, the other major users being
the sound propagation and target classification
groups. Use of the ship continued at a high
level throughout this period.

The Elliott-503 digital computer was received
and installed during autumn 1964. Its capabi-
lities were gradually increased by the additionm
of such peripherals as an XY plotter, magnetic
tape units, interface wamatching unit, line
priater, display facilities, and Calcomp
plotter.

Use of the computer increased from about 3
hours per day io October 1964, to 5 in 1965,
and to 11 by the end of 1966. At this point
two-shift operation was required to meet the
nceds of the research groups. The load
gradually became too great, and in 1968 a
Honeywell-516 was acquired as a satellite
computer to the Elliott-503.

During this period, a Computer Section was part
of the Special Studies Group. Although many
users provided their own programming, auch
effort had to be devoted to both general-pur-
pose and specialized programs. Programs that
translated from one computer langbage to
another were needed in order to adapt non-
Centre originated programs to the Elliott.
Computer programming was treated as a separate
project {(Project 5.4) in the Special Studies
portion of the programme.

7.5 Conferences and Publications

The SCNR met regularly each spring and autumn.
In September 1967, the Centre organized a
conference on the Reliable Acoustic Path, which
was attended by representatives from the U.S.,
U.K. and Canada. In November of the same year,
by invitation of the Committee on Undersea
Warfare of the National Research Council of the
U.S. National Academy of Sciences, the (Centre
gave presentations on its entire programee to
some 140 representatives from U.S. defense
activities.

The period from mid-1964 to mid-1969 was very
productive as measured by the output of docu-
menits.  Approximately 185 Technical Reports,
Technical Memoranda, and Special Memoranda were
produced, recording results of the Centre's
research programme and describing special
research equipments developed internally to
enable the measurements to be made. Some of the
more jmportant of these documents are cited in
the text. In addition, the Centre's scientists
presented approximately 85 papers at meetings
of NATO organizations and of scientific
societies and published 15 articles in profes-
sional journals.

7.6 Tenth Anniversary

On 2 May 1969 the Centre celebrated its tenth
anniversary. The programre included a short
demonstration cruise aboard the MARTIA PAOLINA
G. attended by many of the people who had
contributed to the Centre's achievements during
its first decade.

The Elliott-503 central computer and
XY plotter as first installed.

The reinstallation of the Elliott-503 central
computer and its peripherals in a new mezza-
nine.




%

) ]

by }]

The merchant vessel MARIA PAOLINA G., as con-
verted into a research vessel (showing final,
1979 configuration).




CHAPTER 8 ENVIRONMENTAL ACOUSTICS RESEARCH (1964-69)

8.1 Introduction

During the second five years, environmental
acoustics studies, priwarily on propagaticn,
continted to bhe a major activity at the Centre.
Bottom-reflectivity studies continued, with the
emphasis shifting from data collection to
development of a detailed physical under-
standing of the process of sound reflection
from a multiple-layer bottom and improvement in
measurement and analysis techniques. Coherence
studies were related primarily to scattering of
sound waves by the rough sea surface and the
bottom. Other general propagation studies
included completion of the sea-water attenua-
tion study started in 1963, developmcat of a
simplified formula for the speed of sound in
sea water, and experimental and theoretical
studies of the reliable acoustic path (RAP).

Area-related measurements were made in parts of
the Mediterranean and in the eastern Atlantic
southwest of Portugal. A major effort involved
measuremeats in the Gibraltar area as part of
the Centre's Gibraltar Project. In addition to
propagation and Tbottom reflectivity, the
Gibraltar Project included amhient noise meas-
urements and also shipping surveys for the
purpose of relating low-frequency ambient noise
levels to ship traffic. For the higher fre-
quencies, a gtudy was made of ambient noise
spectra during rain.

The development and calibration of transducers
that could be used over a range of depths and
the development of digital techniques for
analysis of the data were essential to the
success of the experimental programme. During
this period, the transducer and digital
analysis efforts were both treated as separate
projects within the Sound Propagation Group.

By early 1968, the importance of shallow-water
areas was recognized and a new project was
started to cover this work (see Sect. 14.10).
At the same time, topics pertinent to deeper
vaters were amalgamated in a deep-water pro-
pagation project.

8.2 Bottom-Reflection Studies (Project 2.1)

The extensive bottom-reflection measurements
wmede during the first five years had revealed
large fluctuations of bottom loss as a function
of frequency, angle of incidence, geographic
area, and, to some extent, the methods of
taking and analyzing the data. During the
second five years, weasurement techniques were
perfected snd, even more important, a new
physical wunderstanding of bottom-reflection
phenomena was achieved.

The early experiments had been made with both
the explosive sources and the receiving hydro-
phones at relatively shallow depths. This had
the advantage of giving general information on
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all types of sound-propagatiom paths, but the
disadvantage of making bottom-loss calculations
dependent on accurate ray calculations of the
losses occurring in the in-water path. Also,
the analyses were carried out in octave bands,
thereby obscuring some important character-
istics. Theoretical studies of reflections
from multiple-layered ocean bottoms {TR-42;50)
showed that it might be possible to correlate
observed fluctuations with sub-bottom features
if more accurate and more highly-refined mecas-
urements could be made.

In January 1967, a controlled experiment was
conducted in the Tyrrhenian abyssal plain
140 km southwest of Naples, in water 3600 m
deep (TR-145). Explosive charges were
detonated at 550 m and the direct and bottom-
reflected signals were received by a hydrophone
suspended 150 m above the bottom. Analogue
signals were recorded and later digitized at »a
sampling frequency of 24 kHz for FFT spectral
analysis.

When bottom loss for a single angle of inci-
dence was plotted as a function of frequency,
the results showed apparently random fluctua-
tions of from 25 to 30 dB. However, when the
results from all angles were examined together,
the individusl peaks and vslleys were found to
be related, with their frequency/angle depend-
ence behaving in accordance with that predicted
by multiple-layer bottom-reflectivity calcula-
tions (TR-42;50). Phase angles and impulse
responses were measured (TR-145) as well, and
these were alse found to be consistent with
theory.

The Centre's innovative experimental techniques
and the basic experimental results, which are
an important contribution to this field, were
disseminated in the open literature (19), in
papers presented at 8 conference held at the
Centre in 1970 (CP-2a), and by several SACLANT-
CEN publications (TR-61,85,149, TH-89).

8.3 Coherence Studies of Ocean Acoustic Paths
(Project 2.2}

Signal coherence may often be an important
limiting factor in the application of under-
water acoustics to sonar and cosmunications.
Research was conducted at the Centre on two
aspects of this problem: reflection and scat-
tering from rough surfaces, and fluctuations
caused by random inhomogeneities in the water.
Studies of the fine structure of submarine
echoes, using broadband techniques, were also
carried out as part of the Coherence Project;
however, since this work pertains to active
sonar research, it will be covered later under
Sect. 9.5.

When CW signals are transmitted in an imperfect
medium or by multiple paths, amplitude and
phase fluctuations are observed. Since many
different cauzes exist for such fluctuvations,
and since experiments with CW signals do not
distinguish between them, such experiments
generally give results that are difficult to
interpret in terms of physical mechanisms. It
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is more useful to deal with the impulse re-
sponse of the medium, that is, the response in
time to a sudden brief impulse, such as from an
explosion. A major accomplishment during this
five-year period was recognition of the value
of this approach and the development of tech-
niques and equipments to make possible the
analysis of data taken by using explosive sound
sources.

Although explosive signals, through analysis of
impulse responses, offer greater physical
insight than CW, they pose difficulties for
both recording and snalysis of the data: the
large signal dynamic range exceeds that
normally available through analogue equipment,
and acalogue analysis techniques are slow and
tedious. By mid-1964 the Centre's scientists
recognized that digital techniques developed
for the FM sonar project (Sect. 3.1) could be
adapted to analyse signals received from
explosive charges. A separate project (see
Sect. 8.8), largely staffed by personnel from
the Coherence Project, was formed in December
1964 to develop digital recording and analysis
equipments. When the equipment was built, it
was first used to study bottom reflections and
submarine echoes (see Sects. 8.2 and 9.5), and
later for scattering measurements of the rough
sea surface and the deep scattering layer
(DsL).

The accurate, direct measurement of the impulse
response of a physical system requires single,
sharp pulses. Explosive charges produce such a
pulse from the initial shock wave. However,
thig is followed by a bubble pulse that com-
plicates the received record. Initially this
problem was overcome for bottom reflectivity
measurements by recording both direct and
reflected signals and then dividing the latter
by the former (TR-104). Later a8 special com-
puter program was developed that used the Fast
Fourier Transform (FFT) to deconvolve the
signals in the frequency domain and to re-
construct the impulse response function (20)
(TR-140).

While awaiting digital instrumentation, theo-
retical studies continued. One such study,
completed in 1967, was a computer simulation of
the distortion of an impulse propagating in a
medium that has a fluctuating refraction index
(TR-102). In 1968, theoretical studies of
scattering from a rough surface were undertaken
because the coherence-destroying effects at the
ocean boundaries are often dominant limitations
to signal-processing techniques. A literature
study of this gubject was published (21)
(TR-138, CP~36) and a short study made of ocean
wave statistics (TR-160).

8.4 Propagation Loss Studies (Project 2.4)

A number of smaller studies having broad appli-
cability to the genersl subject of propagation
vere performed and reported in the SACLANTCEN
Annual Reports under Project 2.4, using varying
titles: .



Sea-water attenuation: The analyses in
1964 completed studies begun in August 1963.
They used dats from transmissions along deep
refracted paths recorded during bottom reflec~
tivity experiments with shallow sources and
receivers (see Sect. 2.4). These vésults had
revealed absorption losses in the frequency
range from 0.5 to 8 kiiz greater than that
extrapolated from long-range mcasurements made
in the Pacific Ocean and as much as ten times

higher than could be attributed to the
magnesium-sulphate relaxation process that
coatrols absorption above 10 kHz. Several

theories had been proposed to account for the
excess absorption, one of which suggested that
it might be due to finite-amplitude effects
associated with the use of explosive sound
sources. The Centre undertook to determine the
influence of this latter effect. In experi-
ments in June 1966 and November 1968, direct
measurements of propagation loss were made for
each fregquency using energy from the shock wave
and from the bubble pulse separately. The
results (TR-156) clearly demonstrated that the
excess attenuation was not caused by finite-
amplitude effects and confirwed the earlier
results.

Reliable acoustic path: At this time the
Centre undertook measurements and calculations
designed to demonstrate the significance of the
reliable acoustic path for increased sopar asrea
coverage. Late in 1965, in support of
Project 1.2, some preliminary measurements were
made that demonstrate RAP propagation. These
5 kHiz measurements were made in the Madeira-
Azores 2zone with a transmitting source at
3200 m depth in cooperation with the French
Laboratoire DSM du Brusc. Further measurements
at 1.8 kHz, made in cooperation with the U.S.
Naval Research Laboratory ia 1966, further
confirmed the validity of the concept that
increased continuous coverage could be obtained
by using deep transmitters. Maximum coverage
was expected by locating the source at the
critical depth, which is the depth st which the
sound speed has the same value as it does near
the spurface. This depth varies appreciably
both geographically and seasonally, and studies
were mede to compile data on the critical
depth. Ray tracings of a number of typical
situations were published in TR-94. Further
experiments contributing to a better under-
standing of RAP propagation were carried out in
November 1968 in the Ligurian Sea and in the
Levantine Basin in June 1969.

Mediterranean Sea propagation: In July
1966, Mr C. Leroy summarized the Centre's know-
ledge of sound propagation in the Mediterranean
in a broad survey for a NATO Summer Advanced
Study Institute on Sound Propagation (22)
(TR-103). In response to a request by
COMSUBMED, the Centre embarked in 1967 on a
comprehiensive study, involving extensive ray
tracing, of sonar coverage for source and/or
receiver depths down to 800 m for various areas
of the Mediterranean. As reported in TR-154,
the main feature that was found was the drastic
change in insonification area with relatively
small changes of depth. Although surface ship,
hull-mounted sonars would experience severe
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Sonar techniques, showing the significance
of using the reliable acoustic path.

shadow~zone limitations wmuch of the year,
deeper sonars such as VDS or those mounted on
submarines would be expected to perform more
effectively., Critical depths and convergence
zone separations were both found to be highly
dependent on season of the year, with the
former varying between 0 and 2300 m and the
latter from about 15 to 45 km. Maxima for both
occur in August and minima are found from
January to March.

Black Sea propagation: Using bathythermo-
graphic data supplied by the Turkish Navy
Hydrographic Office, a similar report showing
ray traces and sonar coverage as a function of
season was produced for the Black Sea (TR-142).
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Speed of sound in sea water: three-dimensional
representation of the temperature/salinity/depth
combinations in the major oceans, together with
sea areas having particular combinations. {23)

Speed of sound in sea water: Knowledge of
sound speed as a function of depth is funda-
mental to all acoustic propagation calcula-
tions. Like most other groups, the Centre had
adopted Wilson's second equation, which gives
sound speed as a function of temperature,
salinity, and absolute pressure in the form of
a long polynomial and which is suitable for
computation by a large, high-speed computer.
C. Leroy first developed a relatively simple
expression connecting pressure with depth
(TR~108) and then found a simple spproximation
to Wilson's equation (TR-128) that could be
readily wused with desk-top calculators.
Published in the Journal of the Acoustical
Society of America, (23), these formulas re-
ceived wide acceptance throughout the under-
water sound community and were used exclusively
at the Centre until replaced in 1978 by
formulas based on new information (S5M-107).

Propagation modelling: Ray-trace propaga-
tion modelling at SACLANTCEN, although essen-
tial to theoretical studies and as a mecans of
visuslizing predicted sonar coverage, was of
routine character in the first ten years. A
multiple linear-segment Snell’s Law program was
written in ALGOL for use on the Elliott-503
(T™M~102) and was then used for the RAP and
area-related studies already mentioned. For
use on board ship, a program was developed and
isplemented on an  Olivetti-101 desk-top
calculator (TR-141), but although wmore
versatile it was relatively slow. In addition
to tracing out rays and using Leroy's formulae
to convert oceanographic measurements to depth
and sound speed, it could also calculate sound
iotensities apd travel times along the rays.
This waa the predecessor of a versatile program
implesmsented a few years later on a Hevlett
Packard-2116B mini-computer (SM-49, CP-5d,60).

8.5 Gibraltar Studies (Project 2.5)

In November 1964, SACLANT, with the support of
the SCHNR, directed that the Centre should
undertake a high priority, coordinated
acoustic, oceanographic and operations research-
program=e relevant to underwater survéillance
of the Gibraltar Strait. Over the pext three
years, seven cruises were made to this area to
collect acoustic data. On each occasion,
retrievable bottom-mounted buoys coantaining
tape recorders were used to collect ambient
noise data. Ship traffic surveys were usually
performed in support of these studies. On four
of the cruises, assist ships were provided by
the U.K. or French navies to enable propagation
meaguresents to be wade with explosive charges
as sources. In two cruises, reverberation data
were also collected.

Axbient noigse measurements covering the fre-
quency band 30 Hz to 15 kHz were made near the
sea floor at a number of locations between 10
and 25°W during all seasons. Ship traffic was
found to be responsible for the noise up to at
least 1 kHz. A complete summary analysis of the
noise data was prepared (TR-89), together with
a statistical survey of shipping in the area
(TR-84).

Propagation measurements were made using

Relief model of the Strait of
Gibraltar, contour interval
of 20 fm, shaded below 200 fm.
{TR-30]



sources at typical submarine operating depths

and both near-surface and near~bottom
receivers. Special attention was paid to the
effects of internal waves, which are often

strong in this area. After finding that signal
distortion was not significant, it was decided
to devote most of the effort to systematic
measurements of bottom losses and to analyse
only a few typical propagation runs in detail.
The bottom loss results are presented in
TR-175. Using the extensive BT data that had
been collected in this area, ray tracinga were
made to show sonar coverage for a wide variety
of seasonal and geometric situations (TR-158).

As is typical of the Mediterranean, maximum
sonar ranges for continuous coverage were found
to be extremely dependent both on season and
sonar depth, with the best results being for
sonar depths in excess of 150 m.

8.6 Asbient Noise Studies

During the Centre's firat decade, interest in
awbient noise was small and therefore only a
relatively small effort was devoted to ambient
noise measuresents. However, what was done was
unique and of great ioterest to the larger
underwater sound community. In addition to the
Gibraltar meaBurements already described,
underwater noise due to rain was mcasured in o
small lake near Sarzsna, using the Centre's
transducer-calibration barge. During November
and December 1967, messurements were made of
the noise from 0.4 to 10 ki{z and the resunlting
octave-band levels correlated with rain rate
(TR-121). These results were later published
(24) and were only the second set of measure-
ments generally available on this subject.
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Calibration barge on lake pmear Ssrzana.

8.7 Traasducer Design and Calibration
(Project 2.3)

Throughout the period, this support project was
manned at a rather low level. Nevertheless, a
large number of hydrophone arrays were de-
veloped for use by various research projects.
These included three flexible "Sea Snake"
sultihydrophone arraya to be towed at slow
speeds, several rigid arrays for use in space/
frequency classification experiments, a 780 w
long deep vertical array for sound-propagation
measurements, and s number of other special-
purpose hydrophones and arrays.

A major activity was the design and testing of
prototype hydrophones for the MEDUSA arrays for
the Deep Panoramic Sonar Project. As discussed
in Sect. 9.4, support work for this latter
project required a large effort throughout the

period. Calibration work suffered somewhat as
a result of the array construction and s
shortage of personnel. The barge on the

Sarzana lake was used until 1968, after which
the required calibrations were obtained through
the courtesy of Italian snd Freanch nationsl
facilities.

8.8 Digital Techniques of Dats Analysis
(Project 2.6)

In his introduction to a conference on digital
analysis of underwater acoustics held in 1971,
Mr R. Laval, Chairman of the conference, stated
that he "considered the @most critical
factor ... limiting progress in underwvater
acoustics research to be the analysis of the
acoustic signals collected during experiments
at sea. The accumulation of unanalyzed data
collected during old sea trials bad become the
comron nightmare of all research organiza-
tions”. The Centre shared this experience.
Analysis of data from the early experiments was
painstakingly slow.

As early as 1963, the Centre concluded that the
data-processing problem required the use of a
high-speed digital computer, and also that
limications of analogue recordings should be
overcowe by the use of digital dsta recording.



A design study was started in 1963 in the
Coherence Studies Project. In 1964 comstruct-
ion of a digital data-processing unit was
started, and in December of that year this
effort was established as a separate project.
By 1967, developmeat of equipments' had pro-
gressed to the point where they could be used
to analyze previously-recorded analogue tapes,
and the following year it was reported that
digital technigues of data analysis had super-
seded the analogue techniques previously used.

EBlements of the original digital data system
developed at the Centre included:

a) A multi-channel receiving system with
analogue-to-digital (A/D) converter-amplifiers.

b) A high-density digital magnetic tape
recording system.

c¢) An interface system to transfer data
to the Elliott computer.

d) A large capacity, core memory to which
portions of a recording could be transferred
for useful data block selection.

e) A digital, low-density, magnetic-tape
unit for program and data storage.

With this system, analogue or digital data
could be acquired, stored, edited, and trams-
ferred for analysis to the Elliott digital

computer.

To handle the large dynamic range required for
experiments using explosive sound sources, a
receiving system was designed and  Dbuilt
(TR-106) consisting of fourteen variable-gain
transistor amplifiers, seven  peak-level
mopitors, and two test sets to handle apalogue
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inputs and convert them to digital outputs.
Gains of up ‘to 78 dB were provided in 6 dB
steps, with the gain settings indicated by
small lamps. The peak-level monitors consisted
of high speed A/D converters with a set of
lamps to display the highest received level and
its polarity.

The high-density digital recorder is especially
notevorthy (TR-170) and was the subject of a
patent. The system esployed a standard,
l4-track, instrumentation-type, wide-band tape
recorder working in the direct recording mode
at 30 in./s. The unprecedented recording’
density of 12.1 kbit/in of track permitted a
recording rate of 364 kbit/s and a total dats
recording rate of almost 3 Mbit/s for the ten
data tracks. Three data bands were available:
50 Hz to &, 8, and 16 kHz, for up to 20, 10,
and 5 input channels respectively. A total of
128 dB of dynamic recording range was available
by selecting gain settings, with 80 dB for
each. This system, built in 1967/68, has been
in continuous use at the Centre since that
time.

The Centre's original digital data system was
used to analyze tapes from most of the axperi-
ments described in this chapter. A second-
generation system retaining some of the ori-
ginal components and using a Hewlett-Packard HP
21168 minicomputer was conceived in 1969 and
designed in 1970. In 1971, this SPADA system
replaced the original system, which used the
Elliott for all computerized dats analysis. [

Digital techniques of data analysis —
equipment and examples of analyses.




ACTIVE SONAR RESEARCH (1964-69)

CHAPTER 9

9.1 Iatroduction

From the beginning, the Centre's interest in
active sonar had been primarily from the point
of wview of target classification. In fact,
most of this type of work was carried out in
the Target Classification Group. The first
project, described in Sect. 3.1, was concerned
with the wutility of digital FM sonar and was
motivated by the need to recover the clas-
sification capabilities characteristic of the
short-pulse sonars of W II. The usefulness of
FH was confirmed by mid-1964 and there remained
only to demonstrate the capabilities of the
Centre's experimental equipment as a classifi-
cation adjunct to existing operational sonars.

As early as the autumn of 1963, Dr F. Wiekhorst
of the Target Classification Group conceived
the idea that long CW pulses might also yield
useful classification clues from analysis of
the spatial variation of the echo (TH-78).
Studies relevant to space/frequency classi-
fication became a major project by 1965.

Hull-mounted sonars suffer limitations in
maximum power and in area coverage. Ray
tracings ahowed that the area of continuous
coverage could be increased if the transducer
were lowered well iato the sound channel, or
even to the bottom of the desp chapnel. The
Director, Dr Ngdtvedt, proposed a Reliable
Acoustic Path (RAP) Project based on this
concept (25) (TH-90). Work began in May 1965
leading to the design and construction of the
large MEDUSA 300 array. Since an electro-
nically steered panoramic receiver was to be
used, the RAP sopar project was entitled “Deep
Panoramic Research Sonar". It became a focus

for much of the Centre's programme for ten
years.

In addition to active sonar signal-processing
studies, the Centre also took advantage of its

numerous trials with submarines to study target
characteristics. The methods used were those
developed for propagation studies, and this
work was done as a part of the Coherence
Studies Project. As it is more properly active
sonar, rather than propagation research, it is
treated here.

9.2 Digital FM Sonar (Project 1.3)

By 1964, the Centre's digital FM sonar classi-~
fication project, described in Sect. 3.1, had
reached the stage where further development
into a practical system would require incor-

poration into national programnes, and the
United States and Italy ijandicated interest.
Four US ©Navy representatives and several

officers from the Italian Navy observed a
demonstration held in Mayrch and April 1965 for
which the Centre's experimental FX equipment
had been installed on the cruiser ANDREA DORIA
(IT) as target classifier adjunct to the
AN/5Q8-~23B sonar, with the submarine
EVANGELISTA TORRICCELLI (IT) as target. The
results fully justified the claims made:
high-resolution displays were obtained out to
ranges of 20 km and 28 km at 15 kn ship speed.
The classifier gave superior target information
out to at least the maximum range of the
AN/SQS~23 sonar, and it was also less prome to
confusion from falgse targets (TR-57).

A demonstration trial for mezbers of the NATO
IEG-2(SWG/3) group was held in the Toulon area
in Pebruary 1966, and shallow-water trisls,
observed by representatives of the UK, France,
and The NRetherlands, were carried out in the
southweatern approaches to the. English Channel
in April of that year. The project was then
terminated.

In 1964 the Centre's digital FN sonar was Installed
aboard the cruiser ANDREA DORIA (IT) as target
classifier adjunct.
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9.3 Space/Frequency Classification
(Project 1.1)

As already mentioned, the possibility of using
space/frequency interference patterns of CW
signals to classify long, thin targets had been
proposed in 1963 (TH-78). By 1965, the theory
had been fully developed and also extended to
cover FM traosmissions (TR-49, TM-91), and
preliminary experiments had been carried out to
confirm the basic concept.

Analyses of submarine active-sonar echoes with
the FM sonar had shown that individual echoes
occur from a number of different places on the
submarine and that the specific points vary
with aspect. However, because submarines have
fairly high length-to-diameter ratios, the
acoustic scatterers can be considered to be
more or less in a lime. The theory indicated
that reflections from a number of scatterers in
a line would produce complex spece/fregquency
interference patterns, and that by sensing
these patterns one could recognize a loag, thin
target. Since submarines are likely to be the
only type of underwater target having this
property, positive classification would be
possible using only a single CW pulse. Use of
FH was found to provide additional information
on turning rate. No assumption had to be made
about spacing or number of the scatterers; the
fact of their simply being imn 3 line would be
sufficieat.

Three trials, each with a different submarine,
were coaducted -in the Ligurian Sea in October
and December 1966 and February 1967. Linear FM
signals centred at 11 kHz were transmitted from
the MPG and the echoes received on two vertical
hydrophone arrays mounted rigidly about 4 m
apart. Tape-recorded echoes wcre played back
at the Centre, digitized, and analyzed on the
Elliott-503 computer. Over a thousand pairs of
echoes were cross-correlated and displayed.
The results were better than anticipated,
clearly indicating the wvalidity of the space/
frequency classification technique (TR-120).

Over the next several years, the theory wvas
refined (TR-155, TH-122) the effect was demon-
strated by computer simulations (TR-162,
TM~123) and further experiments were carried
out with submarine targets and employing
flexible towed arrays rather thaa the pre-
viously used rigid structure (TR-163). Two of
the original investigators, Dr F. Wiekhorst and
Mr T. Kooij, had gone to the U.S., where they
carried on with this work under the code name
STARLITE. The technique is most powerful at
close ranges, and by the mid-1960s most
interest in the nations was in extending sonar
ranges to longer distances, and it was not
exploited in national programmes to the same
extent as the digital FH classifier sonar
development.

CORR. SHIFT (ms)
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Space/frequency classifica-
tion: BEBchoes received on
two vertical hydrophone
arrays (below) and cross-

- correlated (at left) iden-
= — tify the interference
patterns produced by the
scattorers aligned along
the long, thin hull of a
submarine (above). [TR-120]




9.4 Deep Panoramic Research Sonar
(Project 1.2)

Range limitations of conventional hull-mounted
sonars caused by adverse thermal structure was
considered a major ASW problem. The United
States had attacked this problem by building
ships with huge, powerful transducers capable
of exploiting both bottom-bounce and conver-
gence-zone wmodes (AN/SQS-26). However, even
for this sonar, bottom bounce was unreliable
and its size and cost precluded it from being
used widely in smaller ships or by other
nations. Another possible solution was to
lower the transducer below the surface layer,
ag was done with variable depth sonars (VDS).
The further the sonar is lowered, the greater
the coverage, until a maximum is achieved at
the critical depth for which the sound speed
equals that near the gurface (RAP). (See also
Sect. 8.4).

Following completion of the ANDREA DORIA demon~
stration of the FM classifier, work began at
the Centre on the development of a projector
and a receiving array that could be suspended
below the MPG for deep propagation experimeants
in the Mediterranean. Called MEDUSA (Mediter-
ranean Experimental Deep Underwater Sound
Apparatus), the first wersion built in the
period 1965-66 was designed and tested for
operation down to only 300 = (TR-171).

This medium-depth unit consisted of:

1. A 1.2 m long, cylindrical transmitting
transducer having its resonsnce frequency at
3.5 kHz, transmitting omnidirectionally in the
horizontal plane with a source level of up to
113 dB/ubar at 1 m.

2. A receiving array consisting of 32
vertical line hydrophones, each 1 m high,
mounted on a circle 2 a in diamcter.

3. A source-level monitoring hydrophone.

M and CW signals could be transmitted. The
received signals were handled by a digital
sultibeam processor that formed them into 32
horizontal beams, the output of which could be
processed coherently or incoherently. Analogue
and digital outputs were available, the former
for absolute level mecasurements and the latter
for panoramic displays.

The medium-depth MEDUSA 300 underwent engi-
neering trials in @id-1966 and was used for
preliminary single-beam submarine experiments
in November of that year. Digital multibeanm
operation was achieved in 1967 and trials
carried out in May and Septezber with the
submarine AMAZONE (FR). Apsrt from some minor
initial problems, all processors and displays
vorked satisfactorily, although noise froa the
MPG and power limitations of the projector
degraded performance. Further experiments were
conducted with submarine targets in 1968 and
1969, which were treated as limited previews of
the RAP trials that were contemplated with 2
deeper version.

It was recognized from the start that obtaining
a system for operation at 2000 m was not merely
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Lowering the first MEDUSA deep panoramic
research sonar from the MARIA PAOLINA °G.

sapsr wpoed Tom/y

Panoramic display of incoherently processed
data from the 32 beams of 'MEDUSA, showing
the range and bearing of a simulated echo.
{TR~171}



a matter of increasing the cable length. Extra
povwer was reqguired to overcome cable losses,
and a telemetry system needed to coavey iafor-
mation from the receiving elements. Desgign
studies atarted in 1967. Digitized array
performance and hydrophone response weighting
functions to achieve increased front-to~back
discrimination were studied theoretically
(TH-135,147). In 1968 sgpecifications were
written and a contract was let for construction
of all the wunderwater equipmeat, to be
delivered to the Centre early in 1970.

9.5 Spatial Coherence of Submarine Echoes
(Project 2.2}

While investigations of submarine classifica-
tion were being made under Project 1.1 (=ee
Sect. 9.3) using CW smignals, a parallel
approach was wundertaken in the Coherence
Studies Project using explosive echo-ranging
techniques. The purpose was to investigate the
spatial coherence of the fime structure of the

MARIA FAOLTFA
Path of circling target
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Neasurement of targat strength of a subma-
rine for frequencies between 0.5 kHz and
8.5 kHz, using single-shot explosive
sources. The results (at right) indicated
that off beam aspect the target strength
increases with frequency, particularly
below 4 kWz. [TR-193]
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echo by using an extremely high resolution
broadband source. Initial experiments with
submarine targets were performed in February
1965 and in March and November 1966. The data
were analyzed in 1967, when digital anslysis
techniques developed under Proj. 2.6 became
usable. It was concluded that a better under-
standing of the parameters governing submarine
classification could be obtained by comparing
the results using explesive sources with those
obtained usiag FM and CW pulses.

Cooperative trisls with the Target Classifica-
tiog Group in November 1967 and July 1968
failed due to adverse weather, but data were
obtained in December 1968 with the submarine
EURYDICE (FR) of the DAPHNE class which con-
firmed high reverberation levels found in
February 1967 in a trial with the submarine
AENEUS (UE) (TR-116). The data on echo
strength obtained from these first measuremeats
were superseded by better results obtained in
1969 and 1970 (TR-193). B
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CHAPTER 10 NON-ACOUSTIC ASW RESEARCH (1965-68)

10.1 ELF Electromagnetic Research
(Project 5.3)

The ELF electromagnetic research programme at
SACLANTCEN entered a second phase in 1965. As
described in Sect. 4.2, the first was concerned
with demonstrating the potential of passive ELF
detection in the 1 to 32 Hz region, and empha-
sized mobile instrumentation either suspended
from a buoy or towed behind a ship. Duriang the
first phase it was demonstrated that a system
using electrodes rather than coils could
readily detect the electromagnetic components
radiated by submarines at shaft frequency and
its harmooics.

In 1965, in support of the Centre-wide
Gibraltar Project, esphasis was switched to
research concerning possible employment of ELF
electromagnetic detection techniques in a
shallow-water barrier system. The first task
was electromagnetic background wmeasurezments,
which were made in the Gibraltar area in mwid-
1965 (TH-114). Special instrumentation was then
developed for a prototype ELF barrier system
(TH-141), and this wss laid on the bottom at
Sandy Bay, Gibraltar in mid-1967. The equip-
ment consisted of a dipole chain of four hori-
zontal dipoles, with electrode separations of
40 m and dipole separations of 200 m connected
to recorders on shore by a 2500 m chain.

Background noise measurements made in La Spezia
Bay and in Loch Fyne, Scotland, as well as in
the Gibraltar area, showed marked local charac-
teristics. Not only were there some specific,
man-wade, local sources, but also the field was
found to be strongly influenced by the land/sea
interface. At Gibraltar, the noise component

o Fitty—bot 1.3 8, § am diow. zing nds etz of 20 30 cm dime. wing plets
W Plastic divides to sparuss mds ond red:ca wetwr flow
3 Firer surzondtrg nbe

Secend surcunding whe

Construction of dipoles used for ELF electro-
magnetic detection of submarines. [TN-141]

BAY

Deployment of a chain of four
dipoles at Gibraltar. [TR-134)
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parallel to the shore line was observed to be
seversl times larger than the perpendicular
component (TH-114). It was therefore concluded
that for a fixed system in shallow water con-
siderable gain could be achieved by proper
location of the elements relative to the field
and by employment of a noise cancellation
scheme involving two spaced, carefully-aligned
dipoles.

The ELF background noise was found to be gene-
rally broadband in character, whereas submarine
signatures consist of moderate~Q, narrowband
tonal components at multiples of the shaft
rate. Measurements on a submarine confirmed
the source to be corrosion currents between
propellex and hull. The detection of the
relatively narrowband tonal componeats against
a broadband background was accomplished by the
use of sonogram techniques (TR-136). (The
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results would have been even better had Lofar
been available to the Centre.)

Theory and measurements both showed EM propaga-
tion to be somewhat more favourable in shallow
than deep water. This fact, combined with the
feagibility of designing a system to minimize
local background noise, led to the conclusion
that detection ranges of from 1 to 2 km were
possible (TR-134}.

Active research on the ELF project ended in
1968, and two final reports were published in
1969 and 1970 (TR-134,165). The Centre's pro-
gramme in this field has made a msjor contribu-
tion to the national programme carried on since
1965 in Denmark. The equipments developed at
the Centre were given to the Italian Navy and
later used for a civilian project.

Method of measuring the ELF shaft current
of a submarine and the ELF dackground
noisa.

[TR-134)
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CHAPTER 11 OCEANOGRAPHIC RESEARCH (1964-69)

11.1 Introduction

Throughout the period covered here, more than
half of the time at sea of the research vessel
MARIA PAOLINA G. was in support of ocesno-
graphic research. Much of this ship time wvas
in connection with the Centre's participation
in six month-long multinational MILOC oceano-
graphic surveys. A second major effort, in
support of the Gibraltar Project, consisted of
eight cruises to that area, six to measure
water column parameters and two for sea-floor
studies in the nearby Alboran Sea.

In addition to collecting and analyzing data
required for sonar range predictiona, the
Oceanographic Research Group also carried out
more fundewental studies of internal waves and
air/sea interface phenomena. Beginning in
1965, the development of oceanographic instru-
mentation was recognized as a separate project.

By the end of this time, the Centre bad col-
lected large amopnts of data on various parts
of the Mediterranean, the Red and Black Seas,
apd the esstern North Atlantic, and an appre-
ciable effort was devoted to compiling this
information in summary reports on such subjects
as bathymetry, upper~-layer tesperature
structure, bottom geophysics, and the deep
scattering layer.

11.2 Military Oceanographic Surveys
(Project 4.1)

Following a suggestion made by the Centre, a
series of major military oceanographic surveys
was initiated in which research and assist
ships from several NATO nations comdine to
stody a single area for a period of about a
month at a time. These were christened the
MILOC (military oceanography) surveys and have
continued in various forms to date, under the
direction of the NATO MILOC Group.

For the first four MILOC surveys, conducted in
the eastern North Atlentic in 1964/5/6, the
Centre provided the chief scientist, Dr A.
Dahme, and its resesrch vessel, the MARIA
PAOLINA G. and collsted and published the
resulting dsta:

MILOC 64: Sep 1964
900 n.mi west of British Isles (OWS JULIET)
(TR-52,53,54, TH-110,111,112)

'MILOC 65(N): Jul 1965
900 n.mi west of British Isles (OWS JULIET)
(TR-109,110,124,126,133,139,143,168)

MILOC 65(S): Jul 1965
northeast of Azores (OWS KILO)
(TR-109,130,131,137,139,151)

MILOC 66: Jul 1966
900 n.mi west of British Isles (OWS JULIET)
(TR-179,180, T™-160, M-61,62)

The Centre also participated in and analyzed
its own data from three additional surveys
during the period

MILOC BALTIC May/June 1967 (TR-125)
MILOC AZORES June/July 1967

MILOC MED 68 May/June 1968 Ionian Sea
(1R-173,185, TH-181)

A major objective of these cruises was to
evaluate the accuracy of the U,S, Navy's Anti-
Submarine Warfare Environmental Prediction
System  (ASWEPS), which predicted sonar-
pertinent environmental conditions in the
Atlantic based on in-situ data from tramsitting
aships and weather stations. A cowparison of
MILOC 64 Phase A data with asn ASWEPS analysis
for the same area and period (YR-101) showed
that the ASWEPS predictions were no more
accurate than that possible wusing clima-
tological data slone. In another analysis a
linear relationship was found between sea-
surfsce tempersture and both bathymetry and
depth of the thermocline (TH-113). ‘A later
analysis of data taken in the same area in 1966
(TR-186) showed that neither layer depths nor
first-layer thermal gradients were correlated
over even two miles. As a fimal output, sonar
ranges for hull-mounted sonars were estimated
from the near-surface BT dsta (TR-166).

The MILOC 65 survey in the eastern
North Atlantic. [TR-109)]
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11.3 Gibraltar Area Oceanographic Surveys
(Project 4.4)

During the period from mid-1964 to mid-1969,
ten separate series of oceanographic measure-
ments were made in the Gibraltar area as
follows:

GIB IV, Oct 1964
Deep Scattering Layer
Internal Waves

GIB V, Apr 1965
Temperature Structure Currents
(TR-45,158)

GIB V, May 1965
Deep Scattering Layer
(TR-55)

GIB VI, Aug 1965
Sea Floor Studies in Alboran Sea
(TH-116,117)

GIB VI, Jan/Feb 1966
Internal Waves
Temperature Structure
(TR-66,158)

GIB VI, March 1967
Temperature Structure
Internal Waves
(TR-158)

GIB V1, Oct 1967
Temperature Structure
(TR-158)

GIB VI, Nov 1967
Internal Waves
Bottom Cores
(TR-127,201)

GIB VI, Sep 1968
Internal Waves
(TR-147)

GIB VI, Jan/Feb 1969
Sea Floor Studies in Alboran Sea
(TR-201)

The Strait of Gibraltar bas a complex morpho-
logy. The sea bed is especially irregular to
the west, where there are a number of ridges
and troughs. Salinity and current measurements
reveal an interchange of Atlantic (low-sali-
nity) and Mediterranean (high-salinity) waters
over the sill. A core of Atlantic water

carried by a counter-current enters through the
Strait to replace Mediterranean water, which
spills out into the Atlantic where it sinks to
about 1000 a.

The depth of the interface betwcen the two
types of water travelling in opposite direc-
tions changes with the tides, the prevailing
winds, and the passage of weather fronts. The
interface is further disturbed by vertical and
horizontal eddies generated by current flows
over the irregular bottom. High-amplitude
internal waves also occur at the interface. As
discussed in Sect. 5.5, the Centre's original
interest in the Gibraltar area was in these
internal waves, which had been observed using
thermistor chains. This work was continued
during the Gibraltar Studies Project, with data
being collected on at least four occasions
using the Centre's recoverable vertical ther-
mistor string (TH-144). The internal wave
observations are degcribed in detail in (26),
TR~127 and TR-147.

11.4 Sea-Floor Studies (Project 4.2)

Using its newly-developed Sphincter Corer
(Sect. 5.4), the Centre took large diameter,
long cores (9 to 12 m) in many areas, a large
percentage being in support of other projects.
For example, in support of the Gibraltar and
bottom-reflectivity projects, extensive work
was done in the Alboran Sea (TR-201). Other
observations were made in the Ligurian and
Tyrrhenian Seas (27) (TR-113,114). From these
data it was possible to develop empirical
relationships between the physical properties
of density, sound speed, reflection coeffi~
cient, and porosity (CF-2f).

During this period, improvements were made to
the ‘sphincter corer (28) and a method for
making rapid analyses of cores was developed
(TR-71). A deep-sea probe was developed to
enable in-situ meaasurements of the electrical
resistivity, and hence the density and poro-
sity, of approximately the top 8 m of uncon-
solidated sediments (29) (TR-115). This device
gave results with about 50 s resolution and,
although successful, has not had much use at
the Centre.
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A SACLANTCEN-designed
recoilless piston corer
and a section of a core
recovered from the sea
bed. ([TR-112]
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11.5 Air/Sea Interface Studies

As previousiy mentioned, the thickness and
variability of the upper isothermal layer are
important parameters governing hull-mounted
sonar performance. A study of the interface
was undertaken at the Centre in the late 1960s,
in Project 4.1, in order to predict these para-
meters as a function of weather. Discussions
with five investigators in the U.S. elicited
the opinion at that time (1967) no satisfactory
model existed for describing the temperature
distribution in the upper layer and that experi-
ments under strictly controlled conditions were
required.

In 1967, simultaneous meteorological and oceano-
graphic data were collected in the Mediter-
rvanean and in the Baltic, the latter as part of
the MILOC BALTIC survey (TR-125). An attempt
to collect data during the MILOC MED survey in
the JIonian Sea failed due to instrumentation
malfunctions, and, in fact, more such problems
forced the cancellation of further experiments.
The effort was then turned to theoretical
studies of heat and momentum fluxes in a mari-
time atmosphere (TR-153, M-57,58).

11.6 Decp Scattering Layer Studies

One source of reverberation in the oceans is
the deep scattering layer (DSL) composed of
biological organisms that migrate virtually as
a function of the amount of light The Centre
wnitiated a study of this subject i1n late 1967
Five short explorations using a precision depth
recorder (PDR) were carried out im the autumn
of 1967 and winter of 1968 in the Ligurian Sea,
where more extensive measurements were also
made in April and November 1968 (TR-148).

A broad survey of the literature on sound-
scattering layers in the Mediterranean was
published (TR-150), and also an analysis of
data pertineat to the DSL taken during the
MILOC 66 survey in the eastern North Atlantic
(TR-179).

fmO -

1700 L.M.T

The deep scattering layer of biological organisms recorded in the Aldoran Sea
as part of the layer starts to move nearer the surface after sunset. [TR-150]
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11.7 Hediterranean Studies

Nomerous short ocesanographic cruises were made
ta the Ligurian and Tyrrhenian Seas, and data
on temperature structure, currents, and bottom
characteristics were accumulated. Im additien,
the Centre participated in the MILOC HED survey
of the Ionisn Ses in May 1968.

A summary of typical BT traces was published
together with the resultant ray tracings
{TR-154). A comprehensive collection of BT
data taken in the Ligurian Sea from 1960 to
1967 was also izsued (TM-165), and the results
of MILOC MFD were givean in TR-173 and 185.
Bottom characteristics in two specific areas
were published in TR-157 and 162.

11.8 Oceanographic Instrumentation
(Project 4.3)

In addition to the sphincter corer, deep-sea
probe, and vertical thermistor array already
described, the Oceanography Group in con-
junction with Technical Services developed sn
oceanographic/meteorological buoy (TH-151) for
air/sea interface studies, a 50 Mz in-situ
sediment profiler (TR-72) for bottom profiling,
and an improved acoustic-releaser system
(TH-142) to be used when recovering submerged
anchored instrumentation arrays and packages.

Most important, just as the Centre led in
applying digital techniques to underwater
acoustic measurements, 80 it was a leader in
applying these techniques to the collection of
oceanographic dasta (30); tbe oceanographic
buoy, for example, employed a digital recording
system. A digital depth recorder (DDR) (TR-69)
and a digital position recorder for the LORAN-C
(LDRS) (TR-86) were both developed in the
1964-66 period. ]

Oceanographic/metecrological buoy developed

for studies

[TM-151]
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CHAPTER 12

ASW STUDIES (1964-69)

12.1 Iatroduction

During its second five years the Centre’s
programme of work included a number of ASW
studies, of which some were in response to
specific requests from otber NATO bodies and
others investigated ideas generated by the
scientific staff. Most of this work was done
in the Operations Research Group, whose mission
was to evaluate performance of existing systems
as well as proposed applications of systems not
yet fully proven. Some more theoretical and
novel concepts were treated in the relatively
small Special Studies Group.

Roughly a dozen topics were investigated during
this period. These are grouped under five
headings for the purpose of the present survey:

ASW Exercise Analysis
Tactical Studies

Weapons Effectiveness Studies
Sonar Performance Studies
Gibraltar Study

In addition, members of the Special Studies
Group worked on a novel concept for passive
detection, which is included in this chapter
although it involved experiments and was there-
fore more than a theoretical study.

12.2 ASV Exercise Analysis

During this second five-year period, Centre
staff participated in and analysed data from
eight NATO ASW exercises. Usually the focus
was on one or two aspects of the exercise that
were the subject of specific studies in the
Centre.

Data on false sonar contacts, one of the
Centre's interests, were obtained during the
post-exercise reconstruction phase of four NATO
exercises:

TEAMWORK September 1964
PILOT LIGHT March 1965
EMERALD GREEN September 1965
TOTEM POLE October 1965

Analyses of false sonar contacts during TEAM
WORK, PILOT LIGHT and EMERALD GREEN (TR-47,
59,90) all gave approximately the same results:
namely, that false contact rates are signifi-
cantly higher in shallow water than in deep
water and that the rate during exercises is
seven to ten times higher than that obtained

during noa-exercise conditions. The false
contact rate was found to exceed the real
contact rate by a large factor, and it was

concluded that the ability to discriminate
against false contacts is therefore an impor-
tant criterion when evaluating new sonars.
Thus, this OR study confirmed the importance of
the Centre's target classification projects.
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A second objective of the Centre's analyses
concerned the ability of merchant ships to keep
station within a convoy. This was studied
during the merchant-ship convoy phase (MERCON-
VEX 8) of TEAMWORK (TR-47) and again four years
later in SILVER TOWER, which consisted of three
convoy operations. Even in poor weather it was
found that ocean-going ships had no difficulty
in maintaining station, apart from such obvious
problems as some ships being unable to maintain
sufficient speed. However, ships in a coastal
convoy straggled considerably although they
were able to maintain the proper distance
between columns. A simvlated transit through a
swept mine field uncovered navigational prob-
lems.

A major interest in most ASW exercises is that
of missed submarine contacts. This is a diffi-
cult subject, since it requires accurate exer-
cise reconstruction and an adequate model of
sonar performance. A first attempt in comnec-
tion with Exercise PILOT LIGHT showed detection
performance as much as 20 dB below the ideal.
Exercise STRAIGHT LACED in 1966 revealed that,
due to inadequacy of the records kept, only a
few incidents could be properly evaluated. The
requirement to perform wissed-opportunity
analyses was one of the motives in the develop-
ment of the sonar contact model described in
Sect. 12.5.

In 1968, Exercise MILOC MED TEST was carried
out in the Ionian Sea in conjunction with the
MILOC MED oceanographic survey. The object was
to measure detection and contact-holding capa-
bilities of active hull-mounted and VDS sonars

Normalized ranges of false contacts as func-
tions of bearing for 54 search sonars during
Exercise PILOT LIGHT 1965. [TR-59]



Part of a study on the effectiveness
of long-range, shipborne, ASW weapon
systems. [TR-100]

in an area where detailed oceanographic mea-
surements were being made at the same time.
Although many problems were encountered during
conduct of the exercise, analyses that could be
performed (TR-164) generally tended to confirm
the predictions of the model.

The Ceatre also investigated performance of
submarines {ia the SSK antisubmarine role,
analyzing data from seven SSK barrier exercises
held from 1959 to 1965 (TR-157). It was found
that, although long-range passive sonars were
able to detect noisy transitors at long ranges
vhile wmissing gquiet ones, the performance of
high-frequency, short-range passive sonars was
pot so sensitive to the noise characteristics
of the transitors. (This resnlt can be ex-
plained in terms of propagation curves, which
show a greater change in range as a function of
a given change in the figure-of-merit at larger
distances.)

12.3 Tactical Studies

Tactical studies at the Centre during this
period concentrated on two aspects of the ASW
problem: optimum tactics for the submarine,
and the design of random ASW patrols and of
screens and barriers.

A study was undertaken to examine optimum
tactics for minimizing expenditure of pro-
pulsion energy during closure of long-range
contacts by mon-nuclear submarines (TR-68). It
was found that in each tactical situation there
was a unique minimm-energy closure course that
would maximize the energy reserve avaflable for
screen penetration, attack, and evasion. In
addition, a theory was developed for the op-
timum avoidance tactic to be used by the sub-
marine to escape after weapon launch (TH-118).

From the point of view of ASW forces, a method
was developed for predicting the position of
the submarine after it had launched its weapon
and had taken avoidance action (TH-120).
Ancther study developed a computer simulation
for random surface-ship ASW surveillaace
barrier patrols (TR-88). These studies tended
to be so theoretical that they were not readily
translatable into operational doctrine.
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12.4 Weapons Effectiveness Studies

In response to a request from The Royal
Netherlands Navy, a study was undertaken in
1964 to determine the relative effectiveness of
various long-range, shipborne, anti-subsmarine
weapons systems. The various NATO nations were
surveyed by means of a questionnaire concerning
the characteristics of their systems. The
results of the preliminary study of four wea-
pons, ASROC, ERA, 1IKARA, and MALAFON, were
presented in December 1965 and March 1966 to
meetings of the NATO Mixed Working Group on a
Long-Range Shipborne Antisubmarine (A/S) Weapon
Systen (AC/181). With the addition of infor-
mation on DASH and MATCH, this weapons study

was completed in 1967, and s final report
comparing the six systems was then issuved
(TR-100).

Early in 1966, the Centre was asked if it could
undertake a parametric cost/effectiveness study
involving sonar and fire control as well as
weapons aspects of ASW weapons systems. In
1967 a proposal was made to the NATO Naval
Armament Group's Information Exchange Group
(IEG-2) for a six-part study covering environ-

ments, sonar performance, fire control and
prediction, weapons, system performance, and
costs.

The above-mentioned study for The Netherlands
was considered to cover the weapons phase; the
work done on sonar performance is discussed
below in Sect. 12.5. Although a draft final
report was written in 1969 covering all phases,
it was not fully accepted by 1EG-2 and only a
more limited report was issued (TR-161) com-
paring NATO sonars by weans of the computer
sonar similation model.

12.5 Sonar Performance Studies

Sonar performance model: A  way of
calculating relative performance under a
variety of environmeatal and tactical situa-
tions is essential to comparison of sonars and
weapons systems. In 1967, the OR Group
embarked on the development of a detailed
sonar-performance model. The simulation model
was written in ALGOL for the Centre's Elljott-
503 computer and consisted of a number of



individual programs covering ray tracing,
propagation loss calculation, echo and rever-
beration level calculation, and detection
simulation. Such factors as ship motion,
kinematics, and operational degradation were
included. The acoustic aspects are described
in 7TR~169, and the probabilistic detection
simulation model is covered in a second report
(TR-192). The wodel was used to compare NATO
sonars for IEG-2 (TR-161) and to predict sonar
performance in MILOC TEST 68 (TR-164). It was
also used over the next five years in support
of a pumber of iaternal studies and was adapted
to the UNIVAC-1106 cowputer for one study in
1975.

RAP Study: The Centre's deep panoramic
regsearch sonar project was predicated on the
idea that, because of its increased reliable
coverage, RAP sonar would find a use in the
NATO mnavies. In support of this concept, an OR
study was performed concerning the use of a RAP
sonar system in establishing a protected lane
for transatlantic reinforcement  shipping
(TR-122). It was coucluded that the ability of
RAP to detect submarines reliably at long range
made such a system superior to ope employing
hull~-gounted and VDS surface-ship sonars.

Submarine IFF: An important aspect of ASW
is the ability to distinguish between friendly
and enemy submarines. In support of the NATO
Ad-Hoc Mixed Working Group on Identification of
Submerged Submarines, SACLANTCEN in 1964 ini-
tiated a study to quantify the need for an IFF
system and to evaluate s gumber of possible
solutions. The work was completed with the
issuance to the NATO group of 2 collection of
eight exploratory papers on various aspects of
this problem (TH-108).

Acousti¢ intercept study: One of the
major problems inherent in the use of active
sonar is the inforsation that the pings give to
sn enemy submarine. A submarine is often able
to intercept active transmissions at a range
greater than that at vhich the surface ship can
detect the submarine. In 1967, the Centre
initisted a study of the tactical value to a
submarine of ‘"ping stealing”, emphasizing
methods of obtaining range from such recep-
tions. It was concluded (TR-159) that improved
intercept equipments could yield valuable
tactical information to s submarine provided
countermeasures were not taken. Suggested
countermeasures included uging a zigzag course,
reduced use of high-power pings, and use of
long pulses of 1 to 3 seconds. It was also
noted that noise radiated by the ship's pro-
pellers might be detectable at even longer
ranges than the active pings.

Evaluation of detection and attack systems

for the Strait of Gibraltar.[TR-99]
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12.6 Gibraltar Study

For its part in the Gibraltar Project, the OR
group evaluated the performances of a number of
possible systems for detecting submarines
transiting the Strait, and the effectiveness of
two wcapons systems that could be used in
support of a detection system. Emphasis was
placed on the COLOSSUS I system proposed by the
U.S. Navy Underwater Sound Laboratory.

Four comprehensive were produced,

covering the followiag:

reports

a. Influence of shipping and weather on
the performance of a COLOSSUS I
system (TR-91).

b. Attack systems im support of a
COLOSSUS I barrier (TR-99,123).

c. Alternative to COLOSSUS 1

(TR-132).

systems

The last report considered bottom-bounce sonar,
bottom-mounted active sonar, passive sonar, and
ELF electromagnetic detection; the conclusion
was that a combined system consisting of either
of the first two augmented by ELF would be
feasible as an alternative to COLOSSUS. At the
end of the study a short report (TR-135) was
issued summarizing the other reports and also
listing the acoustic, oceanographic, and ELF
studies done in support of the project.

12.7 Preliminary Assessmeat of Novel
Detection Concepts

One of the properties of noise-like, random
signals is the number of 2zero crossings that
occur per unit time. Analyses published in the
open literature had noted that zero crossings
would be a function of the statistics of the
signal and that adding s tonal mignal to random
noise would change the rate. The Special
Studies Group at the Centre undertook am in-
vestigation of this phenomenon, with the idea
that measuring the zero crossing rate might be
useful in a simple, low-cost, passive warning
system. Both theoretical and experimental
studies were made. Theoretical calculations
showed that addition of a tonal signal to a
band of random noise would lower the zero
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crossing rate if the frequency of the tonal
were at the low end of the band, would raise it
if the frequency were higher than the s=an, and
might not affect it at all if the frequency
were too close to the mean band frequency.

In 19656 and 1967 random background noise and
noise during the passage of surface ships and
submarines were recorded near Tino Island in
the Gulf of La Spezia. The phenomenon wss
verified, and detection ranges of sevaral kilo-
metres were realized for submarines as well as
for surface ships (31) (TR-146). The project
was terminated after having demonstrated vali-
dity of the concept and prior to demonstrating
its value as a development. The idea was not
followed up by the nations, probably because
other passive systems had been developed that
could better distinguish between surface ships
and submarines.

Changes in zero-crossing rate as a possible
passive sonar detection method. fThe plots
at vpper right show typical power spectra
of 5-s samples of the ambient noise signal
and of the signal during the passages of
*ships® A{a), B(b), ard C(c), as shown 1in
the lower plots. In plot 5, a submarine
{(ship A) is approaching on diesel; in 6, it
has stopped its engines but a  tanker
(ship B) is passing, 1in 7 and 8, the sub-
marine (ship C) is on battery power. [TR-146)
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CHAPTER 13 PERIOD OF TRANSITION (1969-75)

13.1 Introduction

At the beginning of this third period the
morale in the Centre was high, and so was
scientific productivity. However, this condi-
tion gradually changed under the pressures of
several adverse factors. Staff expansion ended
in 1970, with the imposition of budget re-
straints. The Centre's one large laboratory
building was very much overcrowded and the
central computer was rapidly becoming obsolete.
The departure of certain key personnel neces-
sitated reorganization, and it was found to be
most difficult to match an organizational
structure both to programme needs and to
existing personnel.

However, the Centre was able to obtain funding
for a new building and for a replacement com-
puter, both of which were acquired by the end
of the period. The research vessel achieved
geod results through the developmeat of real-
time, on-board, digital data handling systeas
and the use of the deep research sonar. The
Centre also became the focus for an extensive,
NATO-wide interchange of information on ASW
related topics, primsarily through running and
participating in aumerous working-level confe-
rences.

13.2 Adwministrative and Finance

During its first ten years, the authorized
Civilian Administrative Persomnnel Establishment
(CAPE) had been increased yearly to meet new
demands of the research programme. In 1969
there were 224 employees: 210 NATO-graded
staff and 14 local wage rate (LWR) employees.
A further increase of six support personnel was
authorized for 1970, bringing the complement to
68 NATO A grades (including 50 research scien-
tists and 4 programmers), 128 NATD B grades,
and 34 NATO C grades (after coaversion of the
IWR personnel). Except for the temporary
addition of eight posts for the duration of the
MILOCSURVLANT project, very few changes were
made in the following years, and the totsl ‘was
maintained at 230. Even relatively minor posi-
tion and grade changes were for the most part
turned down by the NATO Military Budget
Committee (MRC).

The Centre's budget grew during this period at
an average rate of about 10% per year. Most of
this increase covered salaries, which account
for about two-thirds of the total budget and
which increase annually due to cost-of-living
increases and to progress to higher steps by
individvals. The budget rose from about 1950
million lire (3.6 willion dollars) in 1969 to
3950 willion lire (6.3 wmillion dollars) in
1975. 1In addition, the MBC during this period
appropriated a total of 1400 million lire for
non-recurrent special expenses including acqui-
sition of a new building and a new computer.

A major improvement over previous budget pro-
cedures was the introduction inm 1963 of a
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Transition frohrrone Director (Ir M.W. van Batenburg
1967-72) to another (Dr J.G. Retallack 1972-75).
Ceremony in the forecourt.



special chapter (Chapter XXX) to cover the
Programme of Work. This chapter was created
for the two NATO research centres to cover all
expenses in connection with such items as data
processing facilities, ahips, other research
facilities, and special research equipments.
Not including extra funds for two large items,
funds for the programme of work increased at an
average rate of 6% per year, from 700 millien
lire in 1969 to 975 in 1975.

By 1973, rising costs throughout NATO led to a
strong move to constrain NATO military budgets.
It was proposed by the Military Committee that
1974 and 1975 expenditures be kept at roughly
1973 levels. With rising personnel costs, this
would have meant significant cuts in the eatire
Centre programme. This threat to the programme
was discussed at length by the SCNR at its
23rd, 24th, and 25th meetings (October 1973,
May 1974, and October 1974). Statements were
submitted to SACLANT stressing the severe
impact of the proposed budget restrictions on
the scientific programme, Individual SCNR
members also contacted their national autho-
rities. Eventuslly, the MBC instructed SACLANT
to achieve the required cuts elsewhere in the
ACLANT budget, restoring most of the required
funding to the Centre's budget. However, the
uncertainty as to whether the Centre would be
funded at required levels in 1974 and 1975 had
a negative effect oo morale aad productivity
during the period of over a year during which
the situation was unresolved.

13.3 Organization and Recrganization

At the beginning of this third period, the
Centre was headed by Ir H.W. van Batenburg as
Director, and Dr Earl Hays of the U.S. as
Deputy Director. The scientists were organized
into five groups, each having a Group Leader
and a deputy. Specialized technical support
for oceanographic instrumentation and trans-
ducers were within the Oceanographic and Sound
Propagation groups. The Computer Section was
part of the Special Studies Group. A Head of
Technical Services supervised the work of the
Design Section, the electronic, instrument and
machine shops, as well as the Ship Operations
Section, which had been transferred from the
Naval Advisor to Technical Services in 1969.
Scientific and Technical Information, pre-
viocisly under the Administration, reported to
the Directorate from 1969.

In July 1971, Mr A.W. Pryce of the U.S. re-
placed Dr Hays as Deputy, and in July 1972 Dr
J.G. Retallack of Canada succeeded Ir wvan
Batenburg as Director. Later in 1972 a major
reorganization was carried out under which the
Centre's scientific and technical efforts were
concentrated in two Divisions. One, the
Environmental and Systems Research ()
Division, was made up of four scientific groups
plus the Engineering and Tecknical Group, in
which were oceanographic instrumentation,
trangducer development, ship operations, elec-
tronic and wmechanical engineering, and the
shops, The other new division was the Opera~
tional and Analytical Research (0) Division,

; ’ .
Dr J.G. Retallack
Canada
Director 1972-75
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with three study groups and the Computer Group.
Dr Roger Prager of the U.S5. was appointed Chief
of the E division, and Mr T.L. Mack of the U.K.
Head of the O Division. The Scientific and
Technical Information function was placed under
the Administration for management, but with the
Head reporting direct to the Director on policy
matters.

The concentration of all personnel involved in
at-sea research programmes within one division
proved to be umvorkable, and in 1973 the Engi-
neering and Technical Group under Mr K.
Rasmussen of Denmark was removed from the E
Division and assigned to the Deputy Director.
In the same year Ing G.C. Vettori of Italy
replaced Dr R. Prager as Division Chief of the
E Division. The organization then remained
essentially unchanged for two years.

There were a number of position changes asso-
ciated with the various reorganizations, and a
nusber of internal promotions were made near
the end of 1974. Attempts to obtain MBC appro-
val of individual changes having failed, an
attexnpt was made to redefine the Civilian
Adpinistrative Personnel Establishment (CAPE)
in such a way as to cover those changes already
made and to ensure the flexibility required in
the management of a research establishment. A
new establishment list was generated; this was
approved by SACLANT early in 1975, aad sub-
mitted to the MBC in June 1975 as part of the
1976 bdudget submission. The MBC rejected the
proposed CAPE because it used titles that did
not conform to NATO standards. The situation
in which the Centre’s actual personnel differed
from its pudblished CAPE lasted for another 3%
years, only becoming regularized when in
Janvary 1979 the MBC approved a list that
properly represented curreat staff and posi-
tions.

13.4 Space and Buildings

By 1969, even the building of mezzanines above
the ground floor was not emough to alleviate
the congestion. A detailed space utilization
study by SACLANT in August 1970 confirmed that
additional space was urgently needed. The
Italian govermment was unable to provide an
additional building, but did offer an area of
1750 m? immediately adjacent to the original
building on which to construct an extension.
In November 1970 the MBC authorized 3 million
lire for a comprchensive independent engi-
neering analysis and cost estimate.

The study by Ing. Zacutti of La Spezia was
accepted by the MBC in November 1973, and 420
million lire appropriated for construction. A
contract was awarded, existing small structures
demolished, and the building constructed in
1975. It was occupied in January of 1976 and
dedicated during the SCNR meeting in May of
that year.

{
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1973 plaps for extension building; these were
later reduced to stay within the budget
allpcation
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13.5 Replacement of Computer

The Elliott-503 computer obtained by the Centre
in 1964 was pever fully satisfactory; neither
its reliability nor its computing power were as
great as required. Ia 1970, with the backing
of the SCNR, the Centre instituted studies and
contacts with major computer suppliers with the
aim of requesting proposals for a replacement
computer; however, the original request for
bids was cancelled by decision of the MBC in
1971. The case was then presented to the NATO
ADP Committee, which, in November 1971, appro-
ved the project. The budgeted amount of 422.5
million lire approved by the MBC for 1972
proved insufficient. After a second set of bids
on a reduced configuration had been received,
the decision was made in January 1973 to
acquire a UNIVAC 1106 computer by a purchase/
rental combination. The new computer was im-
stalled in December 1973 and, after operational
tests, accepted on 20 January 1974. It has
proved to be a serviceable unit, capable of
increased performance through the addition of
mcmory capacity and various peripherals.

The UNIVAC-1106 is used in both batch and
time-share modes. For time-share operations,
users interact with the computer from Tektronix
terainals in other rooms of the building. From
the beginning it was recognized that the capabi-
lity to create graphics at these terminals
would be required and software was developed at
the Centre for this purpose in 1974-75
(CP-19g). This highly-versitile package, known
as UNITEEX, is now being used daily by
scientists at the Centre, as well as being
available worldwide through the UNIVAC Users
Association.

During the period in which the Elliott-503
computer was being replaced, the Centre also
acquired three Hewlett-Packard 2116B aini-
computers to be used on the research vessel and
ashore for acquiring and processing acoustic
and oceanographic data.

13.6 Research Vessels

With the exception of the year 1973, when
utilization was lower than normal, the MPG was
used at sea from 170 to 195 days per year.
Although most cruises were short ones to nearby
waters, several wmonth-loag trips were made:
March 1971 to the North Sea; May and September
1972 and February 1973 to the Strait of Sicily;
October 1972 and February 1974 to the eastern
Mediterranean; and in the summer of 1974 two
months to the Barents and Baltic Seas.

In addition to routine maintenance and modifi-
cations to enable handling of the MEDUSA system
and several other large arrays, the ship's
laboratory space was greatly expanded in 1971,
and other improvements were made to make the
ship suitable for long cruises to remote areas.
The ship is available to the Centre under a
charter agreement with its owners, and in 1974
the Centre arranged to retain its services
until 1980, with a further option extending to
1984. '
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In many operations the MPG was assisted in its
work by the Centre's workboat, the SACLANT-
CEN 3. This boat had limitations, and in 1974 a
larger, more seaworthy auxiliary, the R/V
MANNING was loaned to the Centre by the U.S.
Government. The 100-ton, 20-metre long MANNING
required extensive overhaul of its main engines
and auxiliaries and the installation of navi-
gation and safety equipment. It became opera-
tional in April 1975, and the old workboat was
then restricted to local operations.

13.7 Confereacea and Reports

During its first ten years the Ceatre bad
concentrated on published reports as the
primary mesns of communicating its work to the
NATO nations. Beginning im 1969 the Centre
supplemented its written reports with the
organization of a series of international
working-level sgeminars to discuss the latest
developments in specific fields. These
seminars offered two-way communication: the
Centre learned of work going on in the nations
and it presented its own work to non-Centre ex-
perts who would be most able to use it. These
waorking-level conferences were held at an
average of two per yesr, most often in the
Spring. It would be hard to overstate the
importance of these conferences. They bhave
served the Centre’s purposes, and also they
have proved to be a major catalyst for co-
operation between ASW scientists of the various
NATO nations. Some persons have even suggested
that the Centre's conference programme is one
of its most valuable functions within the NATO
community. The proceedings of the conferences
have beca published in the  SACLANTCEN
CP- series, which, since 1972, also includes
publication (CP-9,-12,~15,-19,-21,-23) of the
papers presented by SACLANTCEN staff to the
autumn mcetings of the Scientific Committee of
National Representatives.

In addition to its own conferences, the Centre
increased its participation in the NATO com-
mittees that deal with various aspects of ASW.
Nurerous reports were made to these groups.

In 1973 the original series of Technical Re-
ports (TR-) and Technical Memoranda (TM-) were
supplanted by new series of SACLANTCEN Reports
(SR-) and SACIANTCEN Memoranda (SM-). A
bibliography (SB-1) of the TR-, TM-, and
Special Reports (M- serieg) for the 1959-73
period was published that year. This biblio-
graphy, being indexed by title-teras
(keywords), by citations from other SACLANTCEN
documents, and by author and group, provides a
flexible means of accessing the literature of
that period.

13.8 Aaniversaries

In 1973, the Centre's ten years as a NATO
International Organization was recognized with
the issuance of a brief report sumpmarizing its
achievements (SM-13). The occasion of the
Centre’s 15th Anoiversary in May 1974 passed
without forwal notice, but a summary of the
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Centre's achievements over the 15-year period
was included in the Annual Progress Report for
that year.

The U.S. T-boat, R/V MANNING, which replaced
the earlier workboat in 1975.



CHAPTER 14 ENVIRONMENTAL ACOUSTICS (1969-75)

14.1 Introduction

During the first half of the 1970s, the Centre
devoted a larger fraction of its efforts than
before to environmental acoustics and its
direct support. In response to pressures froam
SACLANT and the SCNR to emphasize sonar rele-
vance, eavironmental projects in both oceano-
graphy and acoustics were related to the speci-
fic sonar applications of shallow water and of
hull-mounted VDS and RAP in deep water. The
Centre also attempted to coordinate its pro-
jects in the areas of envirommental acoustics,
active sonar research, and oceanography. The
Ligurian Sea, the Levantine Basin, and the
Strait of Sicily were areas of joint experi-
mpents and of independent study by each of the
three groups, leading to a broad knowledge of
the environmental factors governing sonar
performance, which was then correlated with
actual experience using an experimental sonar.

At the beginning of the period, environmental
acoustics was for the most part organized into
8ix projects in the Sound Propagation Group.
Supporting oceanographic studies were done by
the Oceanographic Group, and computer modelling
by the Theoretical Studies Group. The RAP
active-sonar project also carried on signifi-
cant environmental acoustics research. Later,
in 1972-73, the programme was reorganized, and
environmental acoustics research was carried
out in two groups, one for deep water and the
other for shallow water., Modelling activities
vere incorporated into the corresponding pro-
jects, bottom studies transferred to the
Shallow Water Group, and other related oceano-
graphic work done in the Applied Oceanography
Group.

Mr R. Laval of France, the Head of the Sound
Prapagation Group, became the first leader of
the Deep Water Research Group. He was suc-
ceeded by Mr J. Gerrebout of France for a short
period and then Dr W. Bachmann of Germany.
Mr O. Hastrup of Denmark was the Group Leader
for Shallow Water Research throughout the
peried.

14.2 Underwater Acoustics Computer Modelling

A major objective of environmental acoustics
research is to find relationships between the
mcasured values of propagation loss (TL),
reverberation (RL), and ambient noise (NL), and
such oceanographic environmental factors as
bathymetry, sound-speed profile, bottom charac-
teristics, and sea state. Acoustic modelling
is the linking mechanism used to find these
relationships. The oceanographic environmental
factors are the inputs to the models and the
outputs are curves of TL and RL as functions of
range, and of all three quantities as functions
of frequeacy. Experiments indicate the rela-
tive importance of the various physical factors
and also check the accuracy of the models. The
objective is to develop models that give
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accurate results without requiring unrealisti-
cally complete oceanographic inputs.

To date no single computer model usable for all
possible applications is known to have been
developed. If there were such a model, its
running cost would be so great that it would
have limited utility for that reason alone.
Instead, various national activities have
developed computer models each with its parti-
cular range of utility. The Centre has acqui-
red a number of these, and has also developed
models particularly suited to its own needs.

By the end of 1973, the Centre had two propaga-
tion-loss models operating on its Elliott-503
computer. One was a ray-trace model (32)
(TM-102) written in ALGOL, based on Snell's
law, which divides the water column into many
layers of constant sound-speed gradient. A
range~dependent bottom was incorporated by
cutting off ray paths for refracted rays at the
shallowest bottom and using the last bottom
depth for reflection by bottom-bounce rays.
Intensity calculations were made but were
inaccurate near caustics. The second model on
the Elliott was a normal -zode model
(SM-40,-121) applicable only to shallow-water
conditions.

With the replacement of the Elliott-503 by the
UNIVAC-1106 in 1974, the Centre lost the use of
its own ray-trace program but was able to
acquire four U.S.-developed models:

CONGRATS (¥-76, CP-5h)
NISSH II (33,34)

FAST NISSH (34)

FACT (35)

CONGRATS, developed at the US Naval Underwater
Systems Center, constructs ray diagrams and
generates eigenrays using continuous-gradient
sound-speed profiles. Bottom profiles serve to
limit ray paths; bottom and surface losses are
added separately. NISSM II predicts the perfor-
mance of active sonar systems in terms of pro-
bability of detection vs range; it also

Modelling of deep-water, low-frequency
propagation, [CP-191]



includes outputs for ray tracing, propagation
loss, and reverberation. Its propagation-loss
calculations are based on ray theory modified
at low frequencies for diffraction effects.
FAST NISSH iz a shorteped version that runs
faster. FACT is a U.S. Navy standard flat-
bottom, range-independent model.

Propagation model development at the Centre
took several paths. The need to incorporate
the range dependence of the oceanographic
enviropment was handled by the RIRT model
(sM-7, CP-Sp), written originally in ALGOL for
the Elliott-503. Recognizing the variability
of the medium and the tendency of the detection
process to obscure details, the RAJBAC sto-
chastic ray wmodel  (36,37) (SR-11) was
developed; this averages both horizontally and
vertically and calculates reverberation as well
ag propagation. For range-dependent shallow-
water propagation, the parabolic equation (PE)
2ethod (SH-72) was implemented on the UNIVAC
1106 in 1975. This method is accurate but slow
(CP-193).

For propagation calculations at sea on the
HP-2116B minicomputers, the Centre has use of
the linear-segment model (SHM-49, CP-5d) pre-
viously described. Since shadow-zone geometry
is important for both surface-reverberation and
detection-coverage calculations, the SHADZO
program (TM-183), which calculates surface
shadow zone dimensions as a function of source
depth and sound-speed profile, was also
implemented on the minicomputers.

In Septesber 1971 the Centre ran a major confe-
rénce on Geometrical Acoustics (Ray Tracing),
vhich presented information on computer models
and comparisons with experimental data (CP-5).

14.3 Experimental Technigques

During the period 1969-1975 the Centre carried
out extensive at-sea measurements of propaga-
tion and reverberation. The programme was
particularly effective due to the use of two
differeat experimental techniques, the results
of which complesmented each other.

Broadband measurements continued to be made
using explosive charges as sound sources,
analyzed by techniques described in Sect. 8.3.
Improvements of these included: calibration of
the charges as sources (TH-154); a method to
remove the effect of the bubble pulse even in
the case of no direct arrival (SH-3); and a
special low-~noise hydrophone preamplifier for
handling pulse signals (TH-158). In order to
use arrays to give signal-to-noise improvement
independent of frequency, & wideband constant-
beamwidth array was designed (TR-205).

Around 1970, a second-generation digital ana-
lysis system, called SPADA, was developed. This
uses the HP 2116B minicomputers both for
control and analysis functions (M-79¢,-80,
CP-6j). A variety of signal-processing options
was made available through the development of
an interactive tiwe-series analysis (ITSA)
system (M-79b, CP-6m)} that could be used with
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preprocessed inputs from SPADA. These two
systems have formed the heart of the Centre's
data acquisition and analysis systems for the
past ten years, enabling high-grade work to be
done in a most efficient manner.

The broadband wmeasurements were supplemented
with narrow-band 3.5 kHz pulse signal propaga-
tion and reverberation measurements made with
the MEDUSA 2000 research sonar used both as
transmitter and receiver (TR-223). With the
MEDUSA lowered to the desired depth, rever-
beration could be measured directly (CP-3e),
unlike TL which required a transponder to be
located at the target's position. When used as
an environmental acoustics research tool, the
MEDUSA array was calibrated using techniques
described in TH-156 and SM-93.

As in prior years, the Transducer Section
produced a number of special arrays of receiv-
ing transducers, as well as carrying out cali-
brations of the wvarious hydrophones used for
acoustic measurements. Especially noteworthy
were two deep vertical arrays employing small
(2.5 cm diameter) spherical ceramic hydro-
phones. These were tested to pressures corres-
ponding to a depth of 4000 m and used success-
fully in the Atlantic to a depth of 4300 m.

One of the vertical hydrophone arrays pro-
duced for at-sea measurements of propaga-
tion and reverberation. [CP-21]}]
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14.4 Deep Water Propagation Research

During the period 1969-1975 most of the
Centre's deep water research was carried on in
the Mediterranean, primarily in the Ligurian,
Tyrrhenian, Ionian, and Levantine Basins and in
the deep water area of the Strait of Sicily.

An extepsive seéries of propagation measurements
was made in the Levantine Basin in the summer
of 1969 (TR-212, CP-10d). Explosive sources
were used at five depths between 25 aund 2200 m.
The signals were received at ranges out to
40 km on hydrophones at 20, 60, 100, and 600 o.
A ray-intensity calculation was made for each
experimeat, using the Centre's Elliott-503
linear-segment ray-trace program. In general,
the experimental and msodel results were in good
agreement.

Measurements in the Levantine Basin were also
made in October 1972 using the MEDUSA 2000 at
five depths between 150 and 2000 m (SM-89).
Although propagation models gave good agreement
with the data, reverberation calculations were
not always successful.

In February 1970, the Centre conducted a joint
acoustic oceanographic experiment, known va-
riously as ACOC-1 and JOUST, in the Ligurian
Sea. Explosive sources were used at 25 and
‘180 m depths and the signals were received with
hydrophones at 20 te 500 m out to 30 im.
Analyses were made for a band centered at
4 kAz. Cowparisons of TL curves with the
outputs of seven models showed good agreement
only with the results for the deepest receiver
(TR-215). It was concluded that the models
were too sensitive to the input data and that
the real sea tended to be much less so.

Further experiments in the Ligurian Sea using
explosive sources were carried out in four
seasons from Oct 1971 to July 1972. Oceano-
graphic data covering these periods (TM-165,
TR-8) were used for the comparison ray tracings
and TL calculations, which were made on the
minicomputers. The results for ten receiver
depths between 10 and 780 m were generally in
good agreemcnt with the model (SM~75).

Between April 1969 and November 1970 four sets
of propagation and reverberatiaon measurements
were made with MEDUSA in the Ligurian Sea. The
array was set at four depths between 150 and
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depth may reduce surface reverberation
at the cost of only a thin near-
surface shadow zone. [TR-167]

1200 m, with the transponder on a submarine at
60 or 90 @ depth. The propagation data
(TR-222) were generally in good agreement with
TL curves calculated with the CONGRATS model.
Reverberation measurements made during these
trials were also in agreemcut with model calcu-
lations, except in the vicinity of caustics and
focal zones (TR-224).

The RAP concept achieves full insonification of
the volume when the source is at the critical
depth, at which the sound speed equals that at
the surface. However, due to insonification of
the surface, surface reverberation is high. It
was suggested (TR-167) that locating the gource
slightly above the critical depth would greatly
reduce this reverberation, the only cost being
creation of a thin near-surface shadow zone.
The SHADZO program (TM-183) wodelled this
concept. A detailed comparison of five models
with experimcntal shadow-zone data showed
(SM-69) tbat horizontal variability and diffrac-
tion both cause some penetration of the shadow
zZone. Reverberation measurements made with the
source about 200 m above the critical depth
confirmed the predicted reverberation improve-
ment (TR-222,-224). This and other subjects
related to the MEDUSA experiments are covered
in two review papers (CP-10i,j) presented at
the Conference on Deep Active Sonar held at the
Centre in April 1973.

14.5 Strait of Sicily

The Strait of Sicily is one of the more impor-
tant strategic areas in the Mediterranean.
Submarines traansitting the Mediterranean must
pass through this choke point and it is an
obvious area for consideration of an ASW
barrier. Water depths in the narrowest part of
the Strait are less than 400 m and are clas-
sified as shallow, but a basin haviang depths in
excess of 1000 m extends between the islands of
Lampedusa and Malta to an area directly south
of the eastern end of Sicily. Following com-
pletion of the Gibraltar studies, the Centre
focussed atteation on this area and om the
neighbouring waters east of Malta. In May 1970
the MPG participated here in MED MILOC 70.
Various details were studied for several years
thereafter with one to three cruises each year,
some oceanographic and some acoustic but most
combining the two disciplines.



As discussed further in Sect. 16.2, the Strait
of Sicily is an area having complex oceano-
graphic features. The warm, more saline, water
formed in the Levantine Basin flows westward at
the greater depths, and less saline water flows
above this eastward into the Ionian  Sea. The
result is thst in winter the sound channel axis
is at the surface, vhile in summer there is a
narrow sound chanonel centred at about 100 =
depth (TM-168, CP-8a). This i{mportant effect
is clearly visible in acoustic ray tracings
(TH-176, CP-8a) wmade for the deep water area
surveyed in May 1970 during MED MILOC 70.

14.6 Effects of Oceanic Variability

Hany of the phenomena that occur im the pro-
pagation of sound in the ocean may be under-
stood by treating the ocean as a stable medium
characterized by a siogle, smooth, socund-speed
profile. However, the ocean is of course not
actually atable, and variations that pay hava
significant effects on sound propagation occur
both in the horizontal and vertical planes.
Phenowena causing these varijations include
fronts, internal waves, layering (micro-
structure), and random inhomogeneities, Their
acoustic effects may be limited merely to small
fluctustions (scintillations) of the received
signal or may, in some cases, cause large
varistions from what would be expected under
textbook conditions. Although this is a
subject of interest to both oceanographers and
acousticians, a review of the literature made
in 1972 (TH-184) found "a sad picture of lack
of communication” betwcen the two disciplines.
The Centre undertook to improve this situation
with .a nqumber of investigations combining
oceanography and acoustics (CP-Sa,ag). Ia
September 1675, the Centre hosted a conference
in which both large-scale and small-scale
phenomena were sumsarigzed (CP-17: Pts 5 & 6).

Fronts have been the largest scale oceanic
variability considered. During 1970 and 1971 »
msjor front east of Malta was studied extensi-
vely. Acoustic measurements as well as range-
dependent vay computations showed significant
effecta of the front on Bsound propagation
(SM-53).

Another phenomenon csusing sound-speed varis-
tions im both the horizontal and vertical
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planes is internal waves. The Centre's studies
of sound propegation in the Strait of Gibraltar
in the presence of internal waves led to a
comprehensive report written im 1970 (TR-184).
Broadband results obtained under stable thermal
conditions were compared with those measured
during the passage of an internal wave, the
latter being found to contain large amplitude
fluctuations of the received signals, even at
the lower frequencies.

Layering, or microstructure, also has an effect
on sound propagation. Ray-trace computer
models assume smooth, continuous, vertical
sound-gpeed profiles. However, detailed bathy-
thermograph measurewments have shown that in
actuality the ocean is composed of layers of
constant temperature connected by high-gradient
transitions. This step structure has been
found repeatedly in the upper thermocline sand
also in the deep almost isothermal regions.
From ray-trace computations, the Ceatre found
that large spatial fluctustions were to be
expected from such “microstructure® (38)
(TR-206, CP-151). Microstructure also causes
sound to propagate into what would otherwise be
a shadow zone (SM-22).

Fluctuation phenomena are often treated stati-.
stically by considering the microstructure to
be a random inhomogeneity. Centre scientists
aade a nuwber of surveys of this approach and
reported these in several theoretical treatises
(TR-221, SR-8, SM-28).

Work at the Centre relating acoustic results to
oceanographic wvariability ceased for about
three years after 1972, and was resumed in
1975-76 with aa experiment (AIM) in the Gulf of
Lions as part of the COBLAMED international
oceanographic programme. This found that
complex multiple arrivals are produced by the
microstructure (SH~126, CP-19f).

14.7 Surface Scatter and Reverberation

The roughness of the sea surface has two impor-
tant effects on underwater sound. Firet, the
reflection coefficient for those paths in-
volving surface reflection is less than ideal
and its value fluctuates. Secoud, and perhaps
more important, some of the sound energy inci-
dent on the rough sea surface is scattered back

Experiment to measure surface reverberation
data by means of the NEDUSA sonar. [CP-36]



to the transmitter, giving rise to a dominant
component of reverberation. This reverberation
effect was of particular interest in the Ceatre
because of its importance to active sonar. The
effect of forward scatter on signal coherence
was also of interest.

In March 1971 the Centre conducted a conference
on surface scatter and reverberation at which
nine of the nineteen papers were the work of
Centre scientists (CP-3). An introductory
review of the literature was followed by papers
on theoretical considerations and experimental
measurements.

In work relevant to the reflection or forward-
scatter aspect of surface roughness effects,
the rough sea surface was treated in terms of a
filter (39) (TR-181, SR-7,.CP-3h,-12g). Other
studies treated additional theoretical aspects
of this problem (TM-152,-164), particularly the
distortion experienced by a sound pulse when
reflected from a rough surface. An experi-
mental study of forward scattering using
explosive sound sources was carried out between
April 1370 and May 1972, covering wave heights
of 0.07 to 0.54 m. Results were analyzed up to
24 KAz and showed a slight increase of
reflection loss at the higher frequencies
($4-51, CP-34,j).

Backscattering due to sea surface roughness is
characterized by an amplitude spectrum as a
function of frequency relative to that of the
signal. This frequency spreading, associated
with the wave motion, is isportant because it
limits the effectiveness of doppler reverbera-
tion discrimination schemes for slow targets.
The Centre successfully carried out both theo-
retical (1M-170, SR-5, SM-86, CP-17h) and
experimental (TH-174, SM-B9) studies of surface
backscattering. Also, the RAIBAC computer
model (SR-11) included the capability of calcu-
lating reverberation as well as propagation
loss.

14.8 Volume Reverberation from Deep
Scattering Layer

In many ocean areas, reverberation from scat-
terers within the volume of the ocean is domi-
nated by that from biological organisms having
minute air-filled swinbladders. These
organisms tend to be concentrated at certain
depths and to migrate up and down in response
to the amount of light. These concentrations
of reflectors, known as the deep scattering
layers (DSL), are often observed by echo
sounders. They occur frequently in areas of
the Mediterranean used by the Centre for its
sonar studies, and volume reverberation from
these scurces was observed frequeatly in the
MEDUSA experiments (SM-89, CP-10j,-124).

A detailed study of this phenomenon comprised
exhaustive bibliographical study and a biolo-
gical investigation by the Oceanography Group,
described in Sect. 16.10, complemented by an
acoustic experimental programme using broadband
explosive sources.
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Most previous investigators had measured volume
reverberation at the single frequency of their
particular active sonar. By employing its
broadband techniques, Centre scientists re-
alized that they would be able to determine the
peak frequency of this resonant bubble pheno-
menon as a function of depth and thereby gain a
new understanding of the phenomenon (CP-4a,k).
The Centre developed a novel experimental
technique involving the use of explosive
charges aund a receiving hydrophone array loca-
ted below the scattering layer (40) (TR-225,

CP-4a). Measurements were made in a number of
different areas in the Mediterranean over a
period of several years. The experiments

showed that generally the peak of the scatter-
ing function occurs at about 5 kHz at depths of
300 to 1000 m and that a second, higher, fre-
quency peak often occurs for depths under 100 m
(SR-17, SH-60, CP-9f,-10k).

Volume reverberation from the decsp scattering
layer measured by means of an end-fire array
and explosive sound scurces below the layer.
The scattering strength (in dB/m) is plotted
as a function of frequency and depth [CP-19D]
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14.9 Bottom Reflection Studies

Investigation of the sea floor ia another topic
that benefited from joint activity by sacien-
tists in both the Oceanography and Sound Propas-
gation Groups. During this period the Centre
continued to perfect techniques developed prior
to 1970 and to exploit those techniques in
making nev and highly sophisticated wmeasure-
sents.

The oceanographic studies of the bottom in-
cluded bathymetry, cores, and roughness charac-
teristics (CP-14c) in two areas. In the
shallow waters south of Elba the bathymetry and
bottom structure were measured in great detail
(41) (¥-82), and similar measurements were
performed in the Strait of Sicily (CP-7a,-8¢).
Bottom roughness characterization studies are
reported in (CP-12j).

Host important was the successful correlation

of the porosity of the sediments with such
fundamental acoustic parameters as relative
density and sound speed and also with the
reflection coefficient (TR-177, CP-2f).

The Centre's acoustic measurements of bottom
reflectivity used explosives, as previously
described. During this period the technique
was perfected (TR-174, CP-2a) snd it was con-
firmed that the results obtained by using
broadband pulses are compatible with those
derived from narrowband sctive sonars
(TR-216, CP-9e).

In September 1975 the Centre included a section
o the subject of the sea bottom within a
conference on oceanic acoustic modelling
(CP-17); this served to bring up to date the
material presented at the 1970 conference
(CP-2a).

SEA - FLOOR SURFACE

Bottom-reflection studies included the meas-
urement of bottom roughness at all scales by
meang of echo-sounders and stereophotography.
Computer methods were developed to analyse
and model the gtatistical properties of the
bottom, .
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14.10 Shallow-Water Propagation

In 1968, a shallow-water propagation project
was initiated within the Sound Propagation
Group. By 1972, the activity bhad become large
enough for the formation of a separate group
under Mr O. Hastrup from Denmark. With the
gradual shift of emphasis of the Centre's
programme to shallow water, this has become the
dominant theme of the Centre's environmental
acoustics research programme. Initially, only
bottom reflectivity and transmission loss
mcasurements were made; more recently, ambient
noise data have also been collected. The over-
all programme has been characterized by a
judicious wmix of theoretical and experimental
studies tied together through computer modell-
iang.

Theoretical work has been primarily concerned
with gaining an understanding of the dominant
characteristics of shallow-water propagation
and of the proper roles of the ray and mode
approaches (TR-187, SH-66, CP-14a,h).

Ou the experimental side, extensive mcasure-
ments were made in the test area south of Elba
and the results fitted to exponential decay
laws (42) (5M-39,-66, CP-12q). Measurements
were also made in shallow water in the Strait
of Sicily (SM-100).

Because the Elba area has water of near-
congstant depth, it was considered to be parti-
cularly suitable for a semi-permanent test
site, The Centre obtained permission to use
the lighthouse on the island of Formica Grande
off Grosseto as a rudimentary laboratory, and
operations using this facility began in 1976.

In 1972 planning began for a proposed MILOC
oceanographic/acoustic experipent in the
Barents Sea (ROUGH START). The Centre's parti-
cipation included providing the Chief
Scientist, oceanographers, and experimental
acousticians, and also its vessel, the MPG, for
the second-phase experiment carried out in 1975
(QUIET SEA). In the summer of 1974, prior to
the full-scale MILOC, the Centre made its own
transmission loss and oceanographic measure-
ments (SR-13, SM-67, CP-15f). The specific
area investigated included a transition from
shallow to deep water, which was known to have
a atrong thermal froat (SM-67, CP-19a). Trans-
mission loss measureseats made by the Centre
during the 1975 full-scale MILOC are reported
in SH-96. They showed distinct differences as
a function of geographical position and it was
later deduced that the differences for the low
fregquencies (below 200 Hz) could be correlated
with bottom hardness. For hard bottoms there
is good coupling to shear waves, resulting in
higher losses; for soft bottoms the coupling to
shear motions is much poorer.

A limitation to sonar performence in shallow
waters is the horizontal spatial coherence of
the propagation. This aspect was also studied
both theoretically and experimentally
(84-68,-73, CP-14nm).

In September 1974 the Centre organized a major

international conference on shallow-water
propagation attended by thirty eight outside
scientists from ten NATO countries (CP-13,-14).
It was recommcnded that the Centre maintain an
index of shallow-water experiments conducted in
the NATO community, thus acting as a lead
laboratory for NATO in the shallow-water aspect
of ASW and environmental acoustics.

(1

W 2 A T
The Barents Sea area of shallow-water
studies. [CP-19a]
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The MEDUSA 2000 deep panoramic research sonar.
One of the many experiments was with the sub-
marine MOROSINI (IT), during which incoherent
propagation losses (points on the graph) were
measured for comparison with a model's pre-
diction (solid 1line)
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CHAPTER 15

ACTIVE-SONAR RESEARCH (1969-75)

15.1 Introduction

During this third period, the space/frequency
target classification project was completed
with a demonstration of the technique using a
single receiver and also with tests in shallow
water. Target classification studies were then
broadened to include other aspects of detect-
ion, classification, and tracking. The deep
panoramic research sonar (MEDUSA 2000) was the
focus for a major iavestigation of deep active
sonar, which included the propagation and
reverberation studies already described in
Ch. 14, as well as detection and classification
trials with submarine targets. Work on target
echo properties using broadband techniques and
employing explosive sources also continued
during this period. ’

At the beginning of the period, in October
1969, the Centre held a conference on active
sonar classification (M-55, CP-1), at which it
was concluded that increased bandwidths would
help substantially in classification effecti-
veness at some cost in detection range.
Problems inherent in shallow-water oper tions
were also described, and Centre scientists
began to give serious thought to the design of
active sonar for shallow-water operations
(M-60, CP-14s).

In April 1973 a second conference was held,
this time on deep active sonar, at which
R. Laval presented an evaluation of the
concepts involved (CP-10a). He emphasized the
role of digital signal processors and stated
the Centre's conviction that deep operation is
essential to successful long-range active
submarine detection. Members of this confe-
rence agreed that support should be given to
establishing system parameters for an opera-
tional system and this conclusion was presented
to the NATO Naval Armament Group's Information
Exchange Group 2 at the latter’'s meeting inm
September. The IEG reguested the NATO Defence
Group Panel on the Defence Applications of
Operational Research to undertske studies to
examine the application of RAP in maritime
operations.

15.2 Space/Frequency Clasgification

By 1969 the space-frequency classification
concept had been thoroughly demonstrated, as
described in Sect. 9.3. Betwaen September 1969
and November 1970 three sea trials were con-
ducted from which were obtained detailed infor-
mation on characteristics of the system when
the target is near beam aspect (TR-195), and
statistics on the accuracy of aspect measure-
ment  (TR-198). In addition, a real-time
correlator system developed at the Centre was
successfully used (TR-200).

Although the original space/fregueacy concept
used a two~hydrophone receiving system and a
single ping, it was recognized that the same
information might be obtained with a single
receiver and analysis of two successive pings.
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The necessary parallax would be generated by
the relative motion between ship and target
occurring between the pings. This single-
transducer technique could be used with sonar
systems already existing aboard operational
ships. This theory was tested using tapes
previously recorded during the ANDREA DORIA
trial (see Sect. %.1) in vwhich pings had been
recorded from an AN/SQS-23B sonar (TR-57). The
results coafirmed the validity of this impor-
taat concept (TR-194).

Finally, in March/April 1971, sea trials were
performed in shallow water in the North Sea and
the English Channel. It was found, as ex-
pected, that the performance of the space/
frequency technique is degraded in shallow
water (SM-30), since the multiple paths confuse
the system.

With the writing of the five final reports
cited above, work on this specialized aspect of
target classification ceased.

15.3 Submarine Detection and Classification

Project

Following conclusion of the space/frequency
classification project, the active-sonar de-
tection and classification project turned to
methods of extracting classification and
tracking information with fewer pings. The
emphasis was on the design of more effective
transmitted signals (CP-12h). The advantages
of wmulti-ping association were recognized
(CP=108), and the work concentrated on the use
of double-pulse methods. A trial was conducted
in April 1972 with the submarine CUTLASS (US).
This included false target as well as submarine
echo results and showed that double-pulse
methods yield important classification clues
not available from siagle pings (SR-14,
CP-10s), thereby reducing the number of pings
reguired.

The Centre's philoscphic approach to active-
sonar classification had been established from
experience with the MEDUSA 300 research sonar.
Classification trials carried out in 1968 and
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1969 had clearly shown the advantage of multi-
ping processing, that is, of sisultaneously
presenting the ping-to-ping histories of both
the fine-time resolution echo structure and the
envelopes of the FM echoes (SM-31,-32).

In an attempt to expedite classification re-
search, the Centre developed 2 computer simula-
tion of active scnar pulses in which synthetic
signals vere generated by combining:

The transfer fuanction of the medium
obtained during one-way  propagation
experiments.

The submarine's impulse response obtained
during experiments to investigate the fine
echo structure of submarines.

The noise and/or rever'bention recorded
during acoustic trials.

The characteristics of the sonar system to
be investigated (central frequency, band-

width, waveform of the transmitted signal,
signal-processing directivity, etc.).

This research led to a concept for extracting
depth information from multipath echo fields.
While multiple paths generally degrade sonar
performmance, the time delay between the signals
received is a measure of the extra path length
and, this can be translated into target depth
(SM-74, CP-12k). (This idea has been published
by others, using the term CEPSTRUM to describe
time resolution analysis).

One other aspect considered during this period
was that of signal design for energy detection
of a target when fluctuations are being exper-
ienced (CP-18k).

15.4 Deep Active Sonar Project

As described in Sect. 9.4, in the second half
of the 1960s the Centre initiated a major
effort aimed at demonstrating the validity and
usefulness of deep active sonars operating
either at or near the critical depth. For the
Mediterranean in susmer, this depth is of the
order of 1500 to 2000 m. As a prelude to its

work at these depths, a 300 m system, called
MEDUSA 300, was acquired and used for rever-
beration and propagation wmeasurements as well
as for detection experiments. For the latter,
a digital multi-beam processor (TR-182) was
built, producing the results described in SM-31
and 32.

The 2000 m equipment ordered in 1968 was as-
sembled in the U.S. and delivered to the Centre
in 1970. The new system was tested and cali-
brated in the summer of 1970 and used success-
fully in two trials later that year. The
MEDUSA 2000 is described in TR-223. 1In addi-
tion to the MEDUSA 2000, the complete experi-
mental  system  included analogue receiving
channels for linear measurements, a digital
panoramic receiver for sonar studies, data
acquisition equipments, and a transponder
system to be imnstalled on support ships or
submarines (CP-10h). The extensive trans-
mission loss and reverberation mecasurements
made with MEDUSA have been described in Ch. 14.

Testing the MEDUSA 2000



Detection and classification trials were per-
formed in winter conditions in March 1972 with
the submarine MOROSINI (IT) (Ex US BALAO class)
as target. The experimeants used FM pulses of
440 Hz bandwidth and 1.16 s duration centred at
3.5 kHz, and MEDUSA depths of 150, 500, and
1000 m. The longest reliable detection ranges
were realized for the greatest depth, with
achievement of reliable detections out to 45 km
(SM-34, CP=10r). Tests under summer conditioas
were carried out in July 1973 with the sub-
marine BVANGELISTA TORRICELLI (IT) as target.
The advantage of operating slightly above the
RAP depth to reduce surface reverberation, as
suggested in TR-167, was confirmed (SH-90).

Except for some reverberation mecasurements,
experimeatal work on RAP sonar was completed in
1973. Attention was then devoted to opera-
tional aspects. Predictions were made of
maximum  ranges under various conditions
(8M-84), and thought given to possible bistatic
applications (TR-219, CP-10f). By 1975, the
advantages of RAP operation had been demon-
strated snd the next step required was that of
engineering design (CP-16s).
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Considerations of RAP applications led
to later work on bistatic sonar. This
example shows range/bearing displays
of explosive pulses reflected from a
submarine and recorded on a suspended
array.

15.5 Submarine Echo Properties

Experimental measuresents of submarine echo
target strength as a function of frequency,
using explosive charges as sound sources,
continued during the period under discussion,
1969-1975. Trials with the submarines TRIAIAN
(GR) and DAPHNE (FR) in 1969 demoustrated that
target strength for off-beam aspects increases
with frequency up to about 5 kHz, while that
for beam aspect 1is constant above 2 kHz
(TR-193).

Modern sonar signal processors respond not only
to the energy in a returned ping but also to
its detailed structure. The Centre's investi-
gations therefore included correlation studies
of broadband echoes using two closely-spaced
hydrophones (TR-209) and vertical coherence
measurements using a vertical hydrophone string
(SM-36). Several reports summarized research
that related the statistical properties of
submarine echoes to their detectability by
active sonar signal processors (SM-54,-63,
CP-12i-188).
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In 1975 the Centre organized s conference
devoted exclusively to papers on submarine echo
properties (CP-18). The Centre presented the
results of both its broadband studies (CP-18%)
and of 3.5 kHz measuremeats obtained over the
years using MEDUSA (CP-18c), the latter showing
a correlation of target strength with submarine
size. Jt was suggested that this correlation
should be useful for estimating target
strengths of Soviet submarines. Conclusions
from the weeting, summarized in the 1975 Annual
Progress Report, p. 16 included recognition of
the need for more information on bistatic
target strengths; the Centre's most recent work
in this area has concentrated on this topic.

Measurements of target strength. Results,
below, relate target strength to the
tonnage of the submarine. [CP-18c]
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CHAP

16.1 Introduction

During wmost of the period covered in the pre-
sent section, the activity of the Centre's
Applied Oceanography Group was primarily re-
lated to environmental acoustics research
and/or was in direct support of MILOC surveys:
oceanic data were collected for the joint
experiment with the Sound Propagation Group
(JOUST) ; measurements of fronts, internal waves
and step structure and studies of the sea floor
were all related to their acoustic effects; a
biological study of the organisms in the deep
scattering layer (DSL) was coordinated with
acoustic measurements; the Strait of Sicily,
the Barents Ses and the North Sea were studied
for MILOC; and an area south of Elba was
surveyed for the Shallow Water Group.

The Centre's studies of the deep step structure
in the Tyrrhenian Sea and of intermal waves and
thermal microstructure were importaat contribu-
tions to fundamental oceanographic knowledge.
The development of a towed oscillating body
(TOB) enabled rapid profilisg of the oceanic
parameters and thereby provided a tool that was
later to lead to the development of a technique
for meparating internal wave variability from
thermal microstructure.

Underwater acoustic phenomena are closely
related to oceanographic properties and can be
fully understood only in terms of a thorough
understanding of the oceans. The significant
advances at the Centre in envirommental
acoustics, as described in Ch. 14, were
possible because the acoustic phenomena ob-
served by the Sound Propagation Group were
correlated with detailed mcasurements of ocea-
nographic parameters obtained by the Oceano-

graphy Group.

As a result of the Oceanography Group's rela-
tionship to the acoustics programme during this
period, less emphasis was given to the inter-
faces and more to properties of the water
column, that is, air/sea interaction phenoamena
and sea floor properties were de-emphasized in
favour of temperature, salinity, and sound
speed measurements wade as functions of time
and borizontal position as well as of depth.

16.2 Strait of Sicily

Two MILOC-spoasored surveys were conducted in
the Strait of Sicily in the early 1970s. The
first of these, MEDMILOC 70, in May 1970,
included acoustic as well as oceanographic
measurenents in the deep water area southeast
of the island of Pantelleria. The acoustic
studies are described in Sect. 14.5, and the
Centre's TDS profiling results are givea in
TH-168 snd CP-7d. In the narrowest passage,
between Cap Bon and Punta Stagnone, five moored
buoys were used for current measurements in
order to establish the flows of the various
water types through the Strait (CP-7f).

A second MILOC survey, in May and September
1972, concentrated on variability of the water
masses and currents and extended the area
covered by the current measuremeants (SM-65).

From its own studies, as well as from those of
the other MILOC participants, Centre scientists
came to have a good understanding of the ocea-
nographic characteristics of this strategically
important region. As described in CP-7a and
CP-120, high-salinity water from the eastern
half of the Mediterranean flows westward below
a counter current of eastward flowing, lower-
salinity water. The resultant salinity pro-
file has a masrked effect on sound propagation,

MEDMILOC 70 survey of the deep
water area of the Strait of

Sicily. [CP-7f]
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creating a strong surface channel in winter and
early spring (CP-8a). An estimate of the
effects of turbulence on the counter flows
through the Strait was attempted by spectral
analyses of salinity profile data (SM-59), but
it was concluded that higher resolution data
were required.

As a part of its further study of this area,
the Centre took numerous underwater photo-
graphs, bottom samples, deep cores, and echo-
sounder profiles (CP-7m,-8¢c).

High-salinity waters that pass westward through
the Strait of Sicily and eventually influence
the flow through Gibraltar, originate in the
Levantine Basin of the eastern Mediterranean.
In February and March 1974 the Centre carried
out a study of the Levantine Basin in co-
operation with the University of Pisa. It was
found that the ceatre of formation of the
high-salinity Levantine water is south of
Turkey between Rhodes and Cyprus, near the Bay
of Antalya (SH-92).

16.3 Norwegian Sea (MILOCSURVNORLANT)

MILOCSURVNORIANT was a joint acoustic, oceano-
graphic, and meteorological survey, organized
by CINCEASTLANT, carried out in three phases in
April, July-August, and October 1970 by ships
from France, Germany, The Netherlands, Norway,
the United Kingdom, and the United States.
Although the MPG was not used, SACLANT arranged
funding for a special team of two scieatists
and six technicians to be set up at SACLANTCEN
to collect, collate, and analyze the data.
This special project was undertaken in 1971
(CP-12n) and completed in 1974 with the publi-
cation of the SACLANTCEN Memoranda cited below.

Prior to receipt of the experimental results,
the Centre conducted a survey of the literature
relating to this area (SH-4,-47). Data were
analyzed for oceanography (SM-41,-42), bathy-
metry (SM-43), and scattering from the DSL
(SM-46). 1In addition, meteorological observa-
tions were used to compute heat flow across the
air/sea interface (SM-37,-44).

Barents Sea front and its effect on sound
propagation through it. Transmission
losses are plotted as functions of fre-
quency and time of day; the tidal curve
1s superimposed. [SR=20]

MILOCSURVNORLANT and ROUGH START/QUIET SEA
surveys of the Norwegian and Barent Seas.

Because it was organized and funded separately
from other Centre activities, this potentially
interesting project was isolated from the rest
of the Centre's programme and was therefore not
fully appreciated.

16.4 Barents Sea (QUIET SEA)

As a follow-up to MILOCSURVNORLANT, MOD UK in
June 1971 suggested a multi-nationsal, multi-
phase MILOC survey of the Barents Sea. The
overall project was called ROUGH START snd
CINCEASTLANT was again the coordinator. The
particular area studied for the second, QUIET
SEA, phase was located south of Bear Island and
characterized by a transition from shallow to
deep water marked by a persistent polar thermal
front.

The Centre participated fully in the QUIET SEA
phase, for which it provided the Chief Scien-
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tist and the MPG. The actual experiment took
place in May and July 1975. As preparation for
this task, the MPG went to the area in July
1974 for a month of pre-QUIET SEA experiments
(SM-67, CP-15f). Also useful in plsanning the
trials was a survey of previous observations
covering a period of 60 years (SM-52). The
environmental data collected during the actual
QUIET SEA operation are presented in SM-99; the
acoustic results have already been described in
Sect. 14.10.

16.5 Military Oceanography Support Project

In addition to its MILOC activities, the Centre
has maintained a small project to provide
oceanographic information to operational com-
mands and to other Centre projects. This is
accomplished primarily from historical data.
For the RAP project, Mediterranean BT data were
related to predictions of RAP operating depths
as a function of season and location (SM-84,
CP-10b). The data taken in the Strait of
Sicily wvere nsed in a study of short-term fluc-
tuations of the RAP critical depth in that area
(CP-10c). The ROUGH START project made use of
a survey of historical dats concerning the
polar front south of Bear Island (SH-52).

In the early 1970s, an aborted project studied
the surface mixed layer and upper thermocline
by obtaining BT and XBT data from naval ships
transitting the North Atlantic. No report was
issued.

In 1974, installation of the UNIVAC 1106 com-
puter made it possible to establish computer-
ized oceanographic data bases of Mediterranean
BT and XBT data and of DSL data from the
eastern N.Atlantic and the Mediterranean.

16.6 Ionian Sea Front East of Malta

As discussed in Sect. 14.6, thermal fronts
cause the largest oceanic variability and can
bave a marked effect on underwater sound pro-
pagation. Oceanic fronts, found in all oceanic
bodies, are boundaries between different water
masses and are characterized by rapid spatial
variations of temperature and salinity, both
horizontally and wvertically (CP-8b,-17ab).
Their study has increased markedly in the past
decade.

Beginning in about 1970, the Centre undertook a
study of a major thermal front located in the
Tounian Sea east of Malta. The first study, in
December 1970, was conducted during a joint
cruise with the Oceanographic Group of the U.S.
Naval Undersea Center, San Diego (43) (SM-112,
CP~Sa,~8b). The Centre returned to the area in
May 1971 (TH-169, SM-88, CP-7j) to find that
the front had migrated westwards into shallow
water.

The effects of this front on sound propagation
were calculated from the December 1970 oceano-
graphic observations (TR-213, CP-8b). The
results indicated that propagation is good from
warm toward cold water and may be very poor in
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the opposite direction, and this was confirmed
by acoustic experiments in the area in December
1971 (SM-53). The experiments also showed that
range-independent cowputer programs do not
reveal all of the observed features and that
therefore a range-dependent ray trace method is
required.

The final report on this project showed a need
for further work, but the scientists involved
left the Centre and the project was terminated.
It was hoped that the QUIET SEA experimeat
would be able to make a contribution; however,
the Barents Sea front was unsuitable for a
study of this phenomenon.

16.7 Step Structure in the Tyrrhenian Sea

During the transit to the area east of Malta in
December 1971, deep TDS profiles were taken in
the Tyrrheaian Ses. This was an attempt to
trace the passage of one branch of the
Levantine intermediate water that had flowed
westward through the Strait of Sicily. The
continuous TDS profile revealed a clearly
defined thermohaline step structure between the
depths of 600 and 1500 m (44,45) (CP-7j).
Three later cruises to study this phenomenon in
more detail were made with the MPG in May/June
1972, May 1973, and October 1974. A comparison
of the results from year to year revealed
remarkable stability of the stratification,
which indicated a lifetime in excess of three
years and implied steady-state conditions with
respect to the transport of heat and salt. Ten
steps wvere found, in which the product of the
thickness and the temperature jump between
steps was a constant. In addition, the steps
were thicker as the depth increased, being of
the order of magnitude of 10% of the depth
(45) (cP-15i).

As discussed in Sect. 14.6, the major acoustic
effect of the deep structure is to cause
spatial variations of the sound intensity in
excess of those normally expected {TR-206,
CP-15i). There is reason to believe that
similar step structures exist elsewhere and
that some observed fluctuations of long-range
sound transmission may be explained by this
phenomenon.
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salinity profiles in the Tyrrhenian Sea
in three successive years. [CP-15i]
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16.8 Upper layer Variability

A smooth, range-independeant, sound-specd
profile is often assumed for acoustic calcula-
tions; nevertheless, it has been known for 30
years that spatial variations exist in the
thermocline region in the upper layer of the
acean (TH-184, CP-5a). These variastions are
caused by the two phenomena of internal waves
and of layering, the latter often called
"microstructure” (CP-17af). Layering in the
upper ocean occurs in much thinner steps than
in the stable 1layers of the deep step
structure. The upper ocean layering also moves
up and down under the influence of internal
waves, and keeps its unique characteristics
over distances of the order of only a kilo-
metre.

The Centre wmeasured thegse upper layer varia-
bilities both at the beginning and the end of
the period covered in this chapter, in a pro-
gramme called COBLAMED. The experiments
involved cooperative measurements with the
French Bouee Laboratoire in the Gulf of Lions,
under the auspices of the NATO Syb-Committee on
Oceanographic Research. The objective was to
study internal waves and microstructure asso-
ciated with the Mistral winds. Measuremecats of
currente made during COBLAMED 69 in September
1969 were published in (46). By the time of
the second study tbe Centre had developed its
toved oscillating body (TOB) (see Sect. 16.12),
and simultaneous acoustic measurements were
made both - in a preliminary experiment in
October 1975 and in conjunction with the full-
scale COBLAMED 76 1in September 1976. “The
Centre's complementary programme was entitled
the "AIM" study: Acoustic propagatioun in the
presence of Intemal waves and Microstructure

(sM-126, CP-19f).
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AIN: a study of sound propagation in the
presence of internal waves and micro-
structure in the Gulf of Lions near the
French laboratory buoy BORHA II.
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16.9 Air/Sea Interface

The near-surface isothermal mixed layer and the
thermocline below it are well known as control-
ling factors in the performance of hull-mounted
sonars. A major objective of military oceano-
graphy is therefore the prediction of the depth
and teoperature of the mixed layer for areas in
vhich naval ships are planning operations.
Siace 8 major influeace on the surface layer is
the transfer of heat energy through the air/ses
interface, study of this phenomenon was part of
the Centre's oceanographic programme for many
years (see Sect. 11.5).

_Meteorological measurements were made together

with oceanographic measurements during MILOC~
SURVEORLANT in the Norwegian Sea in 1970. The
results of s study of these data are given in
SH-18,-37, and -44. Also, a more detailed
statistical study of the correlations between
observed changes of sixteen air/sea interaction
variables showed that properties of the mixed
layer could be predetermined for periods of
several hours using data collected over a
three-day period.

Surface waves are important not only for their
effect on the air/ses interface heat transfer
rate but also because of their influeace on
surface reflectivity and reverberation. A
Tucker shipborne wave recorder was used to
measure sea surface roughness during the
February 1970 JOUST experiments in the Ligurian
Sea (TM-172); also a FORTRAN programme was
written to calculate the mms displacement of
the sea surface from knowledge of the average
zero crossing period of the random surface
(TM-163).

16.10 Deep Scattering Layer Biology

{”

X

Ceratoscopelus Maderensts (x1) f@

a sound scattering fish.

The Centre's studies of the biological and
oceanographic aspects of the deep scattering
layer (DSL) are described in Sect. 11.6. From
mid-1969, further work was done on this
phenomenon in conjunction with the acoustic
measurements described in Sect. 14.8. An
initial biological sampling of the DSL in the
Ligurian Sea west of Sardinia (TR-148) was
followed in September and October 1969 by a
more thorough experiment in which a8 multi-
sampling net system (TH-161) was used to
capture the small bathypelagic fish that form
the layer (TR-189).

Data relevant to the DSL in the Norwegian Sea
were collected during MILOCSURVNORLANT; these
and other data from the same area are described
in SH-52. Finally, in 1975, a previous review
of the literature (THM-153) was supplemented by
a survey of acoustic aspects (CP-17e), prepared
for the Centre's September 1975 Conference on
Oceanic Acoustic Modelling.



16.11 Sea Floor Studies

During this period, the Centre's sea floor
studies became integrated with its shallow-
water acoustics programme. Bottom studies were
carried out for the shallow-water areas of the
Strait of Sicily (CP-7m,-Bc) and south of Elba
(TH-162), using the 50 kHz sediment profiler as
well as photographs and core analyses. Studies
began in 1971 to characterize the roughness of
the sea floor by use of Fourier transforms of
digitized echograms (CP-12j).

(The Centre's studies of the Mediterranean sea

floor, which had been completed in the mid
1960s, were published in (47) and SM-2.

16.12 Oceanographic Instrumentation

The significant progress made by the Centre
during the 1970s in its environmental acoustics
and oceanographic measurement progragmes was
facilitated by the successful development of a
family of oceanographic sensor systems to be
used either deployed from the Centre's research
vessels or as long~-term, semi-fixed systems.
These systems all produce digitized outputs,
and in most cases their operation is computer
controlled.

By the late 1960s, as mentioned in Sects. 11.3
and 11.8, the Centre had developed a self-
recording thermistor and current-meter buoy
system. The latter was originally used for the
Gibraltar studies (TM=144) and improved for the
COBLAMED 69 experiments (46,48,49). The buoy
system included a surface float and instrument
package, the thermistor string, current meters,
mooring cable, and parallel acoustic/time
releasers. In addition to use in COBLAMED 69,
this buoy was also used for observations of the
Maltese front (TM-169). A 1later version was
used in ROUGH START, COBLAMED 76, and other
recent studies requiring long-term statistics.

To obtain data about the deep water column from
ships, oceanographers had for decades used the
Nansen cast system, complemented by BT and XBT
measurements in the upper layers. A rapid
response temperature/depth/salinity (TDS)
profiler (50), developed by Bisset and Bermen,
made it possible to measure these quantities
continuously to a very high precision down to a
depth of 6000 m. An early model was adapted to
the Centre's HP-2116B real-time computers to
become the first fully-digitized shipboard TDS
profiling system (SM-9). This system was used
to probe the depths of the Tyrrhenian Sea in
1971, revealing the semi-permanent deep step
structure. It was also used in MILOCMED 70 in
the Strait of Sicily, in the Levantine Basin in
1974, and for other studies of the deep step
structure in 1972, 1973, and 1974.

The Centre's computerized real-time environ-
mental dsta acquisition and processing systems,
using Hewlett-Packard 2116B computers, have
been documented in a series of SACLANTCEN
Memoranda (SH-6,-9,-19,-70,-78). The TDS probe
(SM-9), meteorological data (SM-78), XBT tempe-
rature profiles (SM-70), and Waverider buoy
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data (SM-19) are all fully computerized, pro-
bably to a greater degree and more successfully
than by any other oceanographic research orga-
nization.

The Centre is also proud of its integrated
oceanographic instrumentation calibration
system for salinity, temperature, depth, and
sound speed sensors. This system provides
calibration accuracy greater than that gene-
rally required to discern the most detailed
characteristics of the ocean enviropment.

In 1974, the Centre began development of a new
controlled-depth, instrumented, towed oscil-
lating body (TOB) to be used to obtain repeated
continuous profiles in the upper ocean, as
required to study internal waves and micro-
structure in the thermocline (CP-19h). The
first version was used in October 1975 onboard
the hydrographic ship AMMIRAGLIO MAGNAGHI (IT)
during the AIM pre-COBLAMED cruise. It was
used again in AIM in September 1976 (SH-126)
and was then improved for a June 1977 investi-
gation of internal waves off the cosst of Spain
west of Gibraltar (SM-122). As a result of
this instrumentation development, the Centre
has pow been able to separate the effects of
internal waves and microstructure in the thermo-
cline,

A yo-yo system to be used froa' a ship moored on
station was also developed for AIM (CP-19h).
It has been less useful to the Centre's present
programme than the TOB, but, in contrast ta the
TOB's 200 » depth, it can be used to a depth of
3000 m.
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A meeting at SACLANTCEN in September 1970
on the 'Formulation of ASW Requirements'.
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CHAPTER 17

ASW STUDIES (1969-75)

17.1 Introduction

During this period, there was a major change of
direction in the Centre's OR studies. Following
a meeting in Septemder 1970 on the "Formulation
of ASW Requiremeats", chaired by the Deputy
Chief of Staff, SACLANT and attended by repre-
sentatives of all KNATO commands with maritime
interests, the Centre's major OR effort was
directed towards Command-sponsored studies, a
policy that continued until 1975. Two wmajor
projects and a number of minor projects were
upndertaken for NATO Coemands. In addition,
exercise analysis and the development of tools
required for a wide range of ASW problems
continued. Also studied were broad issues such
as energy requirements, stockpiling of re-
sources, and Soviet naval trends.

In September 1969 the Centre ran a three-day
meeting attended by representatives of SACLANT,
COMCANLANT, CINCEASTLANT, and COMFAIRHED at
which ten papers on Centre studies were pre-
sented and ideas exchanged on a number of
operational problems (M-53). The Centre also
continued to participate in operational confer-
ences called by the various NATO commands. 1In
May 1973 it organized a meeting on OR at the
tactical level (CP-11).

17.2 ASW Exercise Analysis

SACLANTCEN continued its participation in the
planning and analysis phases of a number of
NATO ASW exercises:

1970 PEACE KEEPER
NORTHERN WEDDING
GOOD HEART
STRONG TIE

RUSTY RAZOR
ROUGH RIDE
ROYAL NIGHT
RUNNING SCRAP

1971

1972 STRONG EXPRESS (SH-14)
NIGHT SEARCH

PINK LACE

NORTHERN MERGER
DAWN PATROL

1974

The nature of the participation in each exer-
cige varied in response to the type of exercise
and its relevance to the Centre's interest, as
well as to availability of manpower.

By 1972 it was clear that much valuable infor-
mation from exercise analysis was not being
used effectively in the plaaning of later
exercises. The Centre undertook to produce a
compendium (SR-1) that would compile ASW infor-
mation from NATO exercises. Although it was
never completed, four parts were issued using
data obtained from about forty exercises held
during the period 1961-1971. The subjects
covered were:
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The SACLANTCEN Compendium of NATO ASW

Exercises. ([SR-1]}

ASW search and detection by shipborne
sonars.

Classification and attack by shipborne

systems.
Detection of hostile forces by submarines.

Classification and attack by submarines.

The compendium was wvelcomed in some quarters,
but certain officers found it at variance with
their own experience and others believed that
too meny diverse data were combined in some of
the analyses. Together with reduction of man-
power for the Group, these reactions led to
terwination of the project in 1978. However,
its value has been confirmed by the continuing
requests from the Commands for the Centre’s
participation in ASW exercise planning and
analysis.

17.3 Tactical Studies

The increased depth capabilities of wmodern
submarines was the impetus for a theoretical
study concerning the best operating depth for a
submarine for given BT conditions, and for an
examination of the options for isproving the
coverage of surface-ship sonars irrespective of
submarine operating depth (TR-211). It was
concluded that greater depth capabilities gave
the submarine no advantage when attempting to
detect a surface vessel but would offer an
advantage during the closure phase. (This
study made extensive use of the sonar model
described in Sect. 12.5).

During this period the OR group developed a
large number of computer models, each desling
with an aspect of ASW. Some of the models were
developed in response to specific needs of the
large Defence of Shipping and Defence of Naval
Forces projects, whereas others were developed
to fill more general needs.

In 1970 a Ceatre project analyzed the effec-
tiveness of mixed-nation ASW forces operatiag
in close ASW screens in which ships fitted with
sonar encounter torpedo-firing submarines. For
this study, a general surface-ship screen model



was developed, using as input the sonar model
previously reported. The situation examined
was that in which a submarine would attempt to
attack ships of the main body; the output of
the madel was the probability of detection of
the submarine as a function of range from the
main body. 1In 1972 the model was expanded to
include helicopters and maritime patrol air-
craft (MPA). This wmodel, called the "Tarchi
Model” to distinguish it from other screean
models developed at the Centre, is described in
8M-25, CP-ll_h,-lZd.

A gsecond screen model, called the "Bache Model®
and described in the szame papers, was intended
to provide inputs to higher-level models. It
used exercise data and operational commanders’
estimates — based on their experience — for its
inputs, and estimated the probability of detect-
ion of a submarine by the screen. Being based
on actual experience, this simpler model gave
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more realistic estimates of screen effecti-
veness than the Tarchi model, but it was found
to be too coarse to perform sensitivity studies
of the type that could be dopne with the more
physical, larger model. The two models were
used as complementary screen models in larger
studies (SM-25).

A major limitation to the usefulness of the
Centre's screen models was lack of hard know-
ledge about submarine tactics. It had been
necessary to sake gross assumptions sbout the
amount of information available to the sub-

. marine, and there was also insufficient infor-

mation on how the submarine would resct. To
overcome this problem, the Centre developed an
interactive simulation model (SR-10,
CP-11u,~12¢) with control of the submarine
provided by a human operator in an othervise
computerized tactical encounter, Submarine
operators were brought to the Centre to parti-
cipate in canned exercises from which the
Centre was able to learn more sbout real-vorld
submarine tactics. Although the model enabled
realistic submarine tactics to be observed, no
consistent pattern of submariner reactions was
found (SM-81). It was concluded that in the
real world the information available to the
subsariner is often incomplete and/or inac-
cyrate and that therefore it is not possible to
predict his responses.

15
Interactive simulation modelling vsed to

study real-world submarine tactics and
submariners’ reactions. [SR-10]

Another approach to submarine tactics was a
simple analytical model that optimized the
operator's screen-penetration tactics by
finding the course he would take to minimize
the probability of his being detected (CP-15c).
The possibility that a deep-diving submarine
aight peaetrate a screea and then hide under
the convoy was investigated in 1974-75 with the
development of a haven model (CP-15a) to cover
this situation.



17.4 Sonar Performance Studies

The sonar performance model mentioned in
Sect. 12.5 and described in TR-169 and -192 was
used in 1970-1971 in a study to determine the
relative importance of approximately thirty
five parameters on the initial detection perfor-
msnce of hull-mounted sonars. The parameters
studied were those characterizing the environ-
ment, the vehicle, the sonar, and the sub-
marine. The results vwere presented (TR-208) as
plots of the 10%, 50% and 90% probability of
detection ranges as functions of each para-
meter. As a base case against which perfor-
wance changes were evaluated, the study used:

A typical Atlantic susmer environment.

A 2000 to 3000 ton frigate.

A 7 kiz hull-mounted scanning sonar.

The submarine at periscope depth, or below
the layer.

The study found that many of the individual
parameters have gignificant effects and that no
single parameter is the most influential.
Factors singled out as being especially impor-
tant included:

Surface-layer depth and gradient.
Self-noise of the vehicle.

Directivity index of the sonar array and
ability to discriminate against rever-
beration.

Operator alertness.

Submarine parameters such as
strength, aspect, doppler, and depth.

target

As npoted previpusly, reverberation is a major
limiting factor in the ability of active sonars
to detect submarines. The Centre carried on
extensive fundamental research studies of the
various physical mechanisms causing reverbera-
tion, as reported in Chs. 14 and 16. In addi-
tion, in 1969, following a proposal to IBG2 by
the United Kingdom, the Centre was requested to
be the coordinating group for a NATO-wide
reverberation survey in which national warships
recorded reverberation in ocean areas of
interest to NATO. In cooperation with the
Centre, the UK Adwmirslty Underwater Weapons
Establishment prepared a draft instruction for
conducting the survey and a format to collate,
check, and compute the results (M-68). This
was subsequently issued to the nations as
STANAG 4118. Each participating nation had to
purchase special recording equipments and
install them on its warships. Progress was
painstakingly slow; by the end of 1972 only 350
observations had been received. Since it had
been estimated that at least 25 000 measure-
ments would be required to achieve the object-
ives, IEG-2 cancelled the survey in 1973.

In 1970, the Centre initiated a project aimed
at providing the NATO nations with a simple,
cheap, and improved means of determining sonar
ranges on the spot. The idea was to develop a
method for direct measurement of propagation
loss, rather than to deduce it from eaviron-
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mental conditions. If this were to be
achieved, many of the unknown environmental
factors that enter into the computation of
sonar range could be eliminated from opera-
tional performance estimates. Measurements
made with the MPG in December 1970 and
September 1971 revealed greater fluctusations of
propagation loss in both time and space than
bhad been expected (TR-210). Although no work-
able on-the-spot ranging system was developed,
the project did provide some useful insights
concerning propagation and sonar-range fluctua-
tions.

17.5 Force-Effectiveness Studies

Beginning in 1970 and extending through this
period, more than half of the effort of the OR
Group was devoted to two large studies per-
taining to the Defence of Shipping 4in the
Atlantic and the Defence of Naval Forces in the
Mediterranean. Originally the two studies were
treated as separate projects; in view of the
fact that they were similar in approach and
methodology, by the end of the period the two
became work items under a single project.

Force-effectiveness studies deal with rela-
tively near-term problems facing operational
commanders. The questions addressed fall into
two general categories: the optimum method of
deploying forces allocated, and the necessary
augmentation of forces required to achieve a
stated military objective.

The Centre’s approach was to develop simple
analytic methods to assess the value of various
options. For each study, the direct defeace of
NATO formations was simulated in a probabi-
listic battle model built on a structure of
discrete encounters between submarines and
various ship formations such as carrier strike
groups, ASW support groups, underway rxeplenish-
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The effects on sonar performance of parameters
characterizing the enviromment, vehicle, sonar
and submarine were presented as probability
plots of detection range. The example shows
the effects of changes in the first-layer
sound-speed gradient when the target is within
and below the layer. Similar studies were
made for thirty five other parameters. [TR-208]



ment groups, awphibious groups, or merchant
vessels. The encounter models used input
values of relatively elementary quantities
describing the performance of both contestants
in an encounter, for example, detection proba-
bilities or probability of kill given detect-
ion. The outputs gave probable losses on both
sides.

The individual encounters were built up into a
battle using an encounter-rate model used to
determine the mean time between encounters or
the probable number of encounters occurring
during the course of a battle of limited dura-
tion. Inputs were such figures as size of the
subsarines' patrol areas, frequency with which
targets enter these areas, detection ranges for
submarines against the formation im question,
and the speeds of both. Output values, ex-
pressed as a function of time, were the ex-
pected number of successful torpedo and missile
attacks on important targets, losses of NATQ
merchant ships, delivery capacity of surviving
NATO merchant ships, losses of NATO ASW forces,
and losses of Soviet submarines by sinking or
disabling.

Details of the specific modela depended on the
nutbers and types of forces deployed on both
sides, environmental factors, and the tactical
situation specified by the scenario. Some of
these affected the structure of the model. For
example, a wmissile-firing submarine required a
different form of encounter model from that
used for a torpedo-firing submarine. On the
other hand, an encounter with a torpedo-firing
nuclear submarine was described by the same
model as for a torpedo-firing conventional
submarine simply by a change in the numerical
values of certain of the inputs. Scenario,
force level, and tactical inputs were specified
by the studies' sponsors and input performance
data were the best current estimates as agreed
between the sponsors and SACLANTCEN.

Common to many studies was the néed for an
estimate of attrition rates aa a function of
force size and battle situation, or scenario.

CRUDE OIL -
SEABORNE TRADE - 1972

For this type of problem the Centre chose to
apply the general model developed by Lanchester
in 1916 in comnection with air warfare and (_5_1)
used by a number of investigators in the 1960s
to study problems such as the spread of epi-
demics, as well as military attrition. A
Lanchester model consists of a set of differ-
ential equations of the form:

& o -oxy -8
a4 - FUoxw by

dy

dt
where x and y are the number of units on each
gide, r and 8 are replenishment rates,
and g, B, Y and § are coefficients that depend
on the scemario and other inputs (CP-11b).
Taken as a set, the equations are non-linear.
Twa approaches were taken to their solution:
an approximate solution was found (TR-172) and
a computer program was developed (TH-159,
SH-5).

8 - yxy - 8y

A Lanchester model is a detersministic one, in
that, for given values of the parameters, it
produces 8 single curve for number of units as
a function of time. However, the parameters
are pot unique and are gever known accurately,
being subject to some amount of statistical
variation. In view of this, the Centre also
developed a time-dependent stochastic wmodel
(TR-207,~220, SM-1) that yields variances as
vell as mean values.

Confidence in the Centre's Lanchester model was
enhanced when it was successfully applied to a
combat situation that had already been studied
by 2 simulation model (TR-202).

17.6 Defence of Shipping Study

As its part of the NATO Defence of Shipping
Study sponsored by SACLANT, SACEUR, and
CINCHAN, the Centre developed background infor-
mation and methodology that was then applied to
scenarios proposed by the Commands. The study

Studies of seaborne trade contributed to
wider studies of the defence of merchant
shipping. [SN-50,-61]



began late in 1969 and in the first three years
consisted of the following tasks:

Forecasting NATO and world seaborne trade
from 1970 to 1985 (TR-176).

Forecasting NATO and world shipping to
1985 (TR-199).

Developing and applying Lanchester models
(TR-172,~-202).

Developing models for the sailing time of
ships in convoys (TR-204, SM-33).

Developing models for the delivery capa-
city of convoys and of ships sailing inde-
peadently (TR-204, SM-56).

Validating the Lanchester model (TR-202).

In the following years, the various models were
applied to additional scenarios: the number of
potential shipping routes was expanded, missile
firing capability was added, novel forms of
surface screens were considered, and more
flexibility was assumed for the submarine
forces. Work began oam sensitivity studies to
determine how results would be affected by
changes im operational factors and in perform-
snce parameters.

An analysis of convoy screening policies for
use when only a limited number of escorts is
available indicated that the outcome was highly
sensitive to the submarine’s ability to discern
the escort positions (CP-12c). If the sub-
marine has go information about escort posi-
tions, equal distribution of escorts among
convoys was found to be the best solution. If,
on the other hand, the submarine could be
assumed to have good information, then a better
option would be to provide high-value convoys
with sufficient escorts and to leave the
remainder unescorted.

In 1971, as an input for scenarios in periods
of interest, s prediction was made of the
growth of merchant shipping from 1970 to 1973
(TR-199). In 1974, a comparison of this pre-
diction with actual experience (SM-50) showed
that total tonnages of both tankers and bulk
carriers had increased at a significantly
higher rate than had been forecast. Never-
theless, since the requirement for future
sceparios required jit, a broad 2S-year pro-
jection of world energy supplies and shipping
was attempted (SM-61, CP-15d,-16e).

The broad-ocean aspect of the Defence of Ship-
ping Study ended in 1974. A related study
concerned primarily with the value of fixed ASW
barriers in the English Channel was begun in
1975 under the sponsorship of CINCHAN. This
study included consideration of a wide range of
alternative methods of shipping defence in the
Channel area.

17.7 Defence of Naval Forces Study

A new project concerned with the defence of
carrier strike pgroups (CSG) and of underway
replenishment groups (URG) in the Mediterranean
was undertaken in 1971 under the sponsorship of
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ICENAMO - SEPARATE CPOVPE

A study was made for CINCSOUTH in 1971 to
cdetermine how Southern Regions maritime
forces could be employed to minimize the
impact of the submarine threat in the
Mediterranean. This included the question
of whether forces should be allocated to
direct or choke-point defence. [SR-6]

COMNAVSOUTH and later CINCSOUTH (SR-6). The
Centre examined the questions of whether ASW
forces should be allocated to direct protection
of the CSG or URG, or whether they should be
used to patrol Mediterranean eantrances and such
choke points as the Strait of Sicily.

The study was carried out in four phases, as
follows:

1. The direct ASW protection of carrier
strike groups (M-81, CP-12a).

I1. The relative effectiveness of direct
versus choke-point defenses (M-83, CP-8g).

111. Optimum distribution of escorts
between CSG and URG protection (M-84 and
Supp.).

IV. Optimum distribution of ASW resources
in NATO's Southern Region (M-85, CP-16p).

For this study, a battle model was developed to
treat submarines versus naval task forces
(SM-11,-12). Submodels for encounters and
encounter rates developed for use with that
model are described in (CP-1le).

The study first established the level of risk
from submarine attack, both wmissile amnd
torpedo, ta which a Carrier Strike Group is
exposed during possible strike operations in
the central and eastern Mediterranean (M-81).
It then went on to show that surface and air
ASW forces are more effective in protecting a
Carrier Strike Group used in direct defence
than when used in choke-point defences (H-83).

The next phase of the study showed that the
outcome of a battle is relatively insensitive
to the division of escorts between the Carrier
Strike Group and the Underway Replenishment
Group if the measure of effectiveness adopted
is the time that the carrier can continue to
operate, neither having been sunk nor having
exhausted fuel or armaments. Such a criterion,
in a prolonged battle, depends on the survival
of the Underway Replenishment Group as well as
of the carrier itself.



As a final phase, the Centre in 1974-75 gener-
alized its battle models to develop a methodo-
logy independent of the particular scenario
(4-85, CP-16p). The technique involved break-
ing a battle down into individually tractable
elements of such size that their wmodels are
independent of the broad scenario. This phase
addressed the broad question of the distribu-
tion of ASW resources in NATO's southern
region. It was concluded (M-85) that it is

advisable to concentrate ASW defences om groups
regardless of

at risk early in the battle,
priorities.

During the course of the st.ud\y, it was also
concluded that deception tactics could signifi-
cantly reduce the vulnerability of carriers to
submarine attacks (M-81). Further study
(CP-15b) showed that evasive tactics could
reduce the number of encounters, but that the
use of decoys had little effect on the outcome.

At the request of COMSUBMED, a special short-
term study was made of the Soviet submarine
contact data collected by COMNAVSOUIH for the
year 1973 (SM-62).
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CHAPTER 18 PERIOD OF REORIENTATION (1975-79)

18.1 Reorientation of Scientific Programme

In 1975 it became evident that the Centre's
scientific programme had gradually lost
momentum, as a number of projects had reached a
point of diminishing returns and no vital areas
of research had replaced them. The RAP deep-
vater active-sonar project, which had been o
major effort for ten years, had srrived at the
.stage where national development was required.
Extensive ocesnographic/acoustic investigations
of the Mediterranean had been carried on for 15
years, leaving only relatively minor phenomcna
for further study. Also, the purpose and
direction of the operations research programme
was being questioned. The problem was to
formulate a programme that would not only
satisfy long-term and short-term requiremeats
of operational commanders, but would also serve
as a bridge betweea the Centre's environmental
research scientists and the operational reali-
ties of the ASW problem. The result was a
broad mix of studies and a greater diversifi-
cation of effort than could be readily sup-
ported by the limited number of staf.

In mid~1975 Adm. Isaac Kidd replaced Adm. R.W.
Cousins as SACLANT and requested his staff to
examine the pertinence of the Centre's pro-
gramme to SACLANT's mission and problems. The
SACLANT staff concentrated its efforts om
operations research. At the October 1975 SCNR
mecting, SACLANT proposed that the OR research
programme be expanded from ASW only to commu-
nications and all other areas of maritime
warfare: electronic, surface, and air.
However, the SCNR was cool to this suggestion.
A U.S. National Research Advisory Council
subcormittee wvisited the Centre in December
1975; its report to SACLANT, while confirming
the value of the Centre's research projects,
suggested that La Spezia is too remote s loca~
tion for & brosd programme of OR studies in
direct support of SACLANT. SACLANT then pro-
posed a reduction in the scope of the Centre's
OR efforts and the transfer of a mumber of the
research staff positions to his Headquarters.

After a year of studying proposals and counter-
proposals, the NATO Military Budget Committee
(MBC) in mid-1977 decided that four research
scientist posts held by OR scientists should be
removed from the Centre and allocated to
SACLANT; this change was subsequently accom-
plished. These posts all came from the ASW
Studies part of the Programme (see Ch. 17),
thus severely limiting this activity. The
Centre had to refuse a number of study pro-
posals made by various Commands, and the
Exercise Research project was terminated in
1978.

During this period the Centre's staff had also
been considering its proper role in ASW
research, W.K. Grimley, who had previously
been a senior ASW research manager in the
United Kingdom, proposed (SM-83) that the
programme place increased emphasis on:

of US National Research Advisory
Council Subcommittee, 1975.




a. Coastal-water regions

b. Passive sonar
c. System concept formulation.

From these ideas, and with other guidance from
SACLANT and the SCNR, the Centre was stimulated
to overhaul its entire scientific programme and
also to organize the programme along clear
project lines.

In February and May 1977 the Centre presented
to SACLANT and to the SCNR a revised scieatific
programme intended to:

a. Give greater emphasis to investigations
in the intermediate water depth and
slope situations.

b. Initiate work relevant to passive

SORAr.

c. Conduct more work in the Atlantic and
maiotain a8 balance between Atlantic and
Mediterranean studies.

d. Expand the frequency band of interest
both upwards and downwards.

e. Stress those aspects of operations
research that are directly pertiment to
the Centre's research programse,

f. Carry out systems studies having the
broad objectives of identifying new
sreas of research on the one hand and
of expediting the application of
SACLANTCEN work on the other.

g. Investigate non-acoustic phenosena and
assess applicability to ASW.

h. Conduct research aimed at isproving
inter-platform subsurface communica-
tion.

The revised programme defined nineteea projects
in six research areas. An ASW project was
defined as "a study or investigation of signi-
ficant size, for which a short descriptive
statement can be given, and for which ASW
relevance can bde stated." Sixteen ASW pro-
jects, numbered in historical sequence, were
proposed for five ASW research areas. A sixth
area contained three special support projects
required by tbe Centre in carrying out its
mission-related tasks.

SACLANT and the SCNR welcomed the changed
format as well as the new project initiatives
developed to implement the proposals. Except
for the completion of three projects, initia-
tion of ome new project, and consolidation of
several smaller projects inte fewer larger
ones, the programme has remained essentially
unchanged from 1977 to the present. (For more
detailed descriptions of the individual pro-
jects, the reader is referred to the Annual
Progress Reports beginning in 1977 and to
specific proposals for the individual projects
in the Proposed Scientific Programmes beginning
with 1978.)
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18.2 Organization and Personnel Changes

In July 1975, Mr Svend Falck from Denmark
replaced Dr Retallack as Director. Soon after
his arrival he recognized the importance of ASW
systems research and studies and created a
Systems Division with Mr Grimley as its first
Head, For about a year, much effort was
devoted to organizing this Division and for-
sulating its programme (CP-19p,-20c). Following
the formal retirement of Mr Grimley in Feb
1977, his place as Division Head was taken by
Dr L. Folger Whicker from the United States.
SACLANT's Terms of Reference for the Ceatre
were also revised to recognize the Centre's
systems studies function.

Mr Falck also assigned the Deputy Director
direct responsibility for the Centre's seven
support departments:

Scientific and Technical Information
Computer Operations

Electronic Engineering

Mechanical and Transducers
Oceanographic Engineering

Real-Time Systems

Ship Operations

The first two of these departmeats support all
of the Centre's work in their respective
fields. The other five provide engineering,
technician, and procuremeat support for the
Centre's at-sea research.

Except for the loss of one AS and three A3
scientist posts to SACLANT in 1977, the ceiling
for Centre civilian personnel remained constant
during this period. However, in Janusry 1979
the MBC approved a new Civilian Admiaistrative
Personnel Establishment (CAPE), the first such
change in over five years and ome which finally
recognized the nemerous personnel and position
changea that had been made in the 1972-74
period (see Sect. 13.3).

In July 1976, the author replaced Mr Pryce as
Deputy Director. Mr Falck's term as Director
ended in July 1978 and the post was filled im
October 1978 by the present Director, Mr Basil
Lythall from the United Kingdom. There wvas
also an abnormally large turnover of scientific
personnel in late 1975 and throughout 1976, but
this has beea stable since early 1977.

18.3 Budget and Finance

The revision of the scientific programme format
into clearly defined projects, each with its
ovn allocated resources, greatly aided
financial management ia the Centre and improved
the budget forsmulation process. As a result,
even though the MBC adopted a fully-funded
budget concept and eliminated most mid-year
requests for additional funds, the Centre has
received the fipancial support to carry out its
programze. The MBC agreed to the purchase of
certain expensive new scientific equipments,
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such as towed hydrophone arrays and modern
high-speed data processors, and also granted a
modest increase in the number of trips covered
by the travel budget. On a number of occasions
the MBC has granted emergency mid-year addi-
tional funding for personnel cost-of-living
increases.

18.4 Space and Buildings

The new office building was completed late in
1975 and occupied in February 1976, thus
finally relieving the overcrowding that had
existed for almost a decade. The building was
dedicated in May 1976 at the time of an SCNR
meeting. Work then began on a five-year plan
of rehabilitation of the space in the original
building. A larger conference room was con-
structed, new accomodation crcated for the
library collection, whick had by then grown to
over 5000 books, and 10 000 documents related
to ASW research, and other offices were refur-
bished.

In 1979, funds were obtained to convert a
storage building into the additional laboratory
and ghop space required to handle towed arrays
and other large research structures. Also in
1979, the Italian Navy agreed to transfer to
the Centre another building suitable for the
storage of infrequently used equipments.

18.5 Resezrch Facilitiea

Throughout this period, the Ceantre retained
under charter the services of the research
vessel MARTA PAOLINA G. The mzjor improvement
made to the ship was the addition in 1977 of an
integrated Loran-C/satellite navigation system.
Other moderate improvements were made for array
handling, electricity production, and habitabi~
lity. Use of the ship continued high through-
out the period, and the Centre plans to extend
the charter to 1984.

The workboat T.B. MANNING proved usable for
long periods at sea as well as for local work.
Both the MANNING and the MPG were used exten-
sively to install equipments and act as source
ships for the Formiche di Grosseto shallow-
water test site located southeast of Elba
(CP~21j). The main engine of the MANNING
became unusable in late 1978 and was replaced
by the United States in 1979.

The Univac-1106, acquired in 1974, has proved
well suited to the Ceantre's needs. By doubling
the on-line memory, replacing magnetic tape
handlers by faster and more reliable units,
adding new terminals, procuring a w=odern,
high-speed Calcomp plotter, and adding a
graphics terminal microprocessor multiplexer,
the capabilities of the system have been
steadily improved. Rather than replace this
computer, it is pow plsnned to meet growing
requirements by augmenting it with a second
central processor and additional mass storage
and memory units, as well as with such useful
peripherals as a colour plotter and colour
terminals.

The planned extension to the SACLANTCEN
building (see p.55) was completed in 1976.

Improved accommodation for the research staff
in the pnew extension allowed some of the
wider rooms of the old building to be enlarged
into suitably sized library (above) and con-
ference room (opposite).



The original Hewlett Packard HP-2116B amini-
computers, so useful during the first half of
the 19708, became obgolete and were no longer
able to meet project demands. The Centre has
gradually replaced the 2116Bs with more modern
Hewlett Packard 2I1MX minicomputers with moving-
head discs. In addition, a fast array pro-
cessor (MAP 300) was acquired in 1977 and an
advanced programmable beamformer in 1978
(cP-23n).

With the completion of the new library in
mid-1978, the Centre achieved a state of
excellence in facilities to support its
research programme,

18.6 Scientific Projects

It is too early to describe the scientific work
done since 1975 with the perspective required
for a history. There is therefore no final
chapter on scientific projects and, instead,
the reader is referred to the appropriate
Annual Progress Reports and to the collections
of papers presented each year to the Centre's
SCNR (CP-19,-21,-23). Complete listings of all
Centre publications are given at the back of
the annual reports.

18.7 Conterences

In Autumn 1975, two major conferences were held
at the Centre:

Oceanic Acoustic Modelliag, Sep 1975 (CP-17)
Subwarine Echo Properties, Nov 1975 (CP-18).

Both of these were well attended and each
included several Centre papers. No conferences
were organized in 1976.

Siace 1977, the Centre has continued to orga-
nize conferences annually. In March 1977, a
Working~Level Meeting on Research for Coastal
Waters ASW (CP-20) comsidered the needs for
various types of research, as well as hearing
several summary papers on important aspects.
This conference served to help the Centre focus
its coastal-waters resesarch progranse.

To help in setting the objectives for research
efforts planned for the area southwest of the
English Channel (SWAP), in March 1978 the
Centre held a conference devoted to ASW opera-
tions and oceanograpbic and acoustic studies of
this area (CP-22).

In April 1979, the Centre was the scene for 2
conference on ASW in the 1990s (CP-24). This
was the largest confereace ever held at the
Centre and was attended by several flag
officers as well as other officers and civi-
lians from the Commands and the Nations.

18.8 Twentieth Anniversary

On Tuesday 8 May 1979, preceding its 34th SCNR
meeting, the Centre celebrated its twentieth
anniversary. Following speeches and the pre-

In the 1970s, scientific conferences became
a regular part of the- Centre's activities.
A larger and better-egquipped oonference
room was created in 1977.




sentation of 20-year certificates to six ori-
ginal staff members, many of the distinguished
visitors inspected equipments aboard the MPG
during a &4-hour cruise. In the evening the
entire Centre participated in a gala party at
the Italian Navy Officers' Club.

In his remarks on this occasion the Director
expressed his personal evaluation of the high
quality of the scientific work that bas been
carried on st the Centre throughout its tweaty
years. He took note of the many technical
innovations and pioneering researches that have
resulted from the efforts of this comparatively
szall organization. For its size, the in-
fluence of the Centre has been great, and it
has served as a remarksble example of inter-
national colleborstion and cooperation.

s

SACLANTCEN'S TWENTIETH ANNIVERSARY

On 8 May 1979 the Centre celebrated its 20th
Anniversary 1in the presence of the Supreme
Allied Commander's Deputy Chief of Staff for
Plans, Intelligence, and Operations, Rear
Admiral §.A. Swarztrauvber USN; Representati-
ves of the Secretary General and other NATO
authorities; members of the  SACLANTCEN
Scientific Committee of National Represen-
tatives; Italian military and civil digni-
taries; previous SACLANTCEN Directors; and
previous members of the staff.

?
i
j

The occasion was marked by speeches and the
presentation of 20-year service certificates
to veteran members of the staff, by demons-
trations in the laboratory and during a
short cruise of the MARIA PAOLINA G., by the
publication of a souvenir brochure, and by
an evening party for all the staff and visi-
tors in the garden of the Italian Naval
Officers’ Club.
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