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FOREWORD

The Navy Ocean Science Program comprises research
and development in all the scientific disciplines
that oceanography embraces:
ology, chemistry, hydrography, and meteorology as
it involves atmospheric interaction with the sea.
A1l of the effort is directed to one end - to
build a base of knowledge and technology related
to ocean phenomena and effects that will satisfy
the future needs of the Fleet. Some of these
future needs can be predicted, others will be
generated by events and pressures that are not
predictable and, in some cases, may be beyond our
control. The task of the Ocean Science Program
is to try to be ready for whatever may be asked
of it.

Success of the Navy Ocean Science Program depends
on many things: good management, adequate funds,
new ideas, hard work, and even luck, but most of

all it depends on the scientists whose accomplish-
This report

ments fill the content of these pages.
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CHAPTER 1

OCEAN SCIENCE SUPPORT TO NAVAL WARFARE

OBJECTIVE OF THE NAVY OCEAN SCIENCE PROGRAM

The objective of the Navy Ocean
Science Program is to provide information
about the ocean and its boundaries for the
design, deployment and operation of Naval
Warfare Systems,

Naval forces are hardware and technology
oriented, requiring large capital investments
and 5 to 15 years' leadtime from new concept
approval to Fleet introduction. Major
weapons and support systems have an opera-
tional lifespan of 10 to 20 years, although
improvements are commonly backfitted. An
important concern in all new developments
is to exploit the opportunities and minimize
the constraints imposed by the operating
medium - the ocean - on any particular
system or platform. The Ocean Science
Program provides the technology base from
which the Navy engineers, strategists and
tacticians can draw to insure that the
Navy carries out its mission responsibil-
ities for the national military strategy in
the most effective manner.

NAVY MISSION AREAS

The essence of the Navy responsibility
to national military strategy is defined by
the mission areas:

e Strategic Deterrence
¢ Sea Control

e Power Projection

¢ Support

Sea control is the Navy's fundamental
function. The Strategic Deterrence, Power
Projection, and Support missions are shared
with the other services.

STRATEGIC DETERRENCE
As a principle of military strategy,

deterrence is only effective as long as a
potential aggressor sees the risk to himself

as unacceptable. Ballistic missile
submarines, capable of remaining submerged
at sea for extended periods, are in the
forefront of the defense arsenal that
restrains would-be aggressors. The Navy
is responsible for maintaining the capa-
bility and security of the SSBN force.

SEA CONTROL

The Navy's principal programs for
mastery of the sea control mission are in
the areas of ocean surveillance and anti-
submarine warfare (ASW). Both employ
systems and techniques acutely sensitive to
environmental effects. These areas place
the most difficult and extensive require-
ments on ocean science and technology.

Sea denial, or preventing the enemy
use of the sea for his own military or
economic purposes, is another facet of sea
control. Sea denial is accomplished most
often bymeans of barriers or blockades set
up to deny enemy naval forces access to the
open sea, taking advantage of geographic
"choke points" wherever possible. Offensive
mining, a principal tactic employed in
barrier/blockade operations, is another
warfare area heavily dependent on ocean
science and technology. By extension,
mine countermeasures -- responding to eremy
attempts to interdict shipping and naval
movements by mining harbor entrances and
strategic choke points -- is also a sea
control function requiring environmental
support.

POWER PROJECTION

Power projection by Naval forces covers
a broad spectrum of offensive operations:
strategic nuclear missile firing; tactical
employment of carrier based aircraft
against land targets; bombardment of enemy
targets ashore; amphibious assaults
carried out by Marines or by Army units




transported in Navy ships; and in peacetime,
showing the flag as a psychological ploy

to alleviate tension, evince support, or
demonstrate capability.

SUPPORT

Support comprises the command,
intelligence and logistic functions
necessary to effect the deterrent, sea
control and power projection objectives
successfully, and maintain the Fleet in a
state of operational readiness.

REQUIREMENT FOR THE NAVY OCEAN SCIENCE
PROGRAM

Navy leaders have the responsibility to
look ahead, forecast future requirements and
set in motion programs that will shape the
Fleet of the future and ensure its readiness.
An integral element of such planning is a
broad, strong base of ocean science. Devel-
oping that base is the purpose of the Navy
research and development program in ocean
science. The program is conducted at
several levels leading to operational
capability at Navy laboratories and con-
tractor facilities to meet specific require-
ments of emergent systems and provide a
fund of bas‘c technical information and
support.

Provision of required environmental
information, or environmental support, has
many ramifications. Questions of systems
designers about constraints the ocean
medium imposes on new concept weapons
systems must be answered. Requirements of
Fleet operations for system performance
predictions and operational doctrines must
be anticipated and satisfied. In all, Navy
ocean science seeks understanding of the
processes that govern ocean and coastal
dynamics and by which oceanic properties are
distributed in time and space. Boundary
interactions and the associated process
are an important part. Navy responsibil-
ities extend to operations above, on, and
in the sea, on the sea floor, in the coastal
zone, and in the Arctic. If any of these
operations has a better change of success by
employing particular data or knowledge about
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the ocean environment, the Ocean Science
Program has an obligation to ensure that the
needed data or knowledge can be obtained
with adequate quality.

Clearly, every need cannot be antici-
pated, or even if anticipated, met.
Priorities are established within the
Defense Pepartment and the Navy that impact
on the research program and provide
direction. Consequently, it is important
that close ties be maintained with the
oceanographic programs sponsored by other
Federal departments so as to derive maximum
benefit from these efforts. The ultimate
responsibility is to ensure that information
generated by the Ocean Science Program is
properly interfaced with more advanced
levels of development so that research
results are exploited expeditiously and the
program is continually aware of potential
problem areas for which new forms of
environmental support are needed.

REPORT STRUCTURE

There are four sections to this report.
The first discusses requirements for a Navy
Ocean Science Program and the organization-
al makeup of the program. The second des-
cribes the current Program in the context of
the Navy's mission responsibilities to
national military strategy. Major inter-
national, multidisciplinary research pro-
grams in which the Ocean Science Program
participates are summarized in Section III,
together with a discussion of some of the
unique facilities and instrumentation de-
veloped. The last section comprises
Appendices listing major program partici-
pants and principal research platforms.

Owing to the sensitive nature of
activities relating to the Strategic
Deterrence mission, a separate account of
Ocean Science Program support in this area
has been omitted from Section II. It will
be clear to the reader, however, that many
of the research and development objectives
of the Program address more than one of
the mission categories. This is especially
true of ocean modeiling and instrumentation
system developments, which have important
application to all four mission areas.




ORGANIZATIIN OF THE OCEAN SCIENCE PROGRAM and managed (for the most part) by the
Naval Material Command. The other is the
The Navy Ocean Science Program spans Operations Program supporting current
three levels of research and development Fleet operations and sponsored by the Chief
and is grouped in ten broad task areas whose of Naval Operations, OP-095. The Operationc
titles generally indicate the type of work Program is managed and conducted by the
being done and its purpose. Naval Oceanography Command, which encompasses
the Naval Oceanographic Office {NAVOCEANOQ)
8 Research and the former Naval Weather Service Command.
very broad technology base for concepts Although the Engineering and Operations
o Oceanography (deep sea and ocean Programs are addressed only peripherally
floor) in this report, readers should be aware of
o Terrestrial Sciences {coastal and the extent and composition of the Navy's
polar) total oceanographic effort and know that
the parts are strongly linked.
® Exploratory Development
directed technology base for optional MANAGEMENT AND COORDINATION
system designs and proposed cperating :
doctrine: Management of the Navy research and ]
o Ocean Environmental Support development programs in oceanography is
0o Ocean Acoustics coordinated at the Secretariat level by
o Environmental Remocte Sensing the Assistant Secretary of the Navy for
o Polar Environmental Support Research, Engineering, and Systems. For ,T
o Environmental Protection budgetary purposes, the Navy's total !
Research, Development, Test and fvaluation t
¢ Advanced Development (RDT&E) Program, which includes Gceano- R
specific technology system develop- graphy, is Program 6, and is structured L ¥
ments to meet Fleet operational in six levels (6.1 through 6.6) of f'
requirements: ascending operational readine.:. ]
o Oceanographic Instrumentation 4
Development Level 6.1, Research in 0Ocean Sciences,
o Long Range Acoustic Propagation - provides the fundamental scientific know-
Surveillance ledge and understanding required for 4
o Long Range Acoustic Propagation - conceiving future weapon and defense ‘
Tactics systems for optimum design and cfficient
at-sea operation. This essential
The Chief of Naval Research is the scientific and technological base is
principal sponsor for the Ocean Science Pro- accumulated through studies and experiments Ly
gram. Other sponsors include the Director conducted by academic and non-profit '
of Navy Laboratories and the Naval Air, Sea, institutions, Navy in-house laboratories
Electronics, and Facilities Engineering and industry. The scope encompasses |
Commands, all reporting to the Chief of physical oceanography, air-sea interaction, i
Naval Material through the Deputy Chief of biological and chemical oceanography, 5
Acquisition. The Chief of Naval Operations, marine geology and geophysics, underwater
0P-095 (Director, Antisubmarine Warfare and acoustics, coastal geography, polar
Ocean Surveillance Programs), sponsors the research, biomedical research and
advanced development tasks. instrument development. :
There are two other programs that, with The major thrust at the Fesearch level, H
the Ocean Science Program, comprise the and the great majority of funds, are deveoted ;
total Navy Oceanographic Program (NOP). to expanding and refining knowledge and
One is the Ocean Engineering Program, which theories of the environment and processes .
is primarily developmental and is sponsored that bear on known or foreca-ted neval 1
} 1-3




requirements. One small fraction of the
effort is speculatory: to explore and
exploit any possibility, however remote, of
a "breakthrough" with significant payoff.
The 6.1 Program is directed and managed by
the Chief of Naval Research through ONR, NRL
and NORDA. Program management in ONR
resides in the Ocean Science and Technology
and Arctic and Terrestrial Sciences Divisions,
which are staffed with experts in the
principal oceanographic and earth sciences
sub-disciplines. The research is accomp-
lished primarily by non-profit and academic
institutions with strong oceanography
departments on a contract basis, and the
efforts are seldom identified with
particular weapon systems or warfare areas.
At NRL and NORDA most of the research
programs are carried out by the staff

of the respective laboratories and are
remotely related to systems.

Level 6.2, Exploratory Development (ED),
draws upon the 6.1 technology base for more
operationally oriented objectives in support
of Navy svstems: torpedoes, sonars, mines,
etc., or warfare areas: amphibious
antisubmarine, antisurface, et al.

The goal of 6.2 is to provide a
technological base from which options can
be selected for improving present undersea
warfare systems and developing new ones.
Engineering aspects are directed toward
enabling the Navy to operate within the
oceans at any depth, location, and time.
More selective in approach, 6.2 work
includes research and development on
materials; search, rescue and recovery
systems; environmental prediction, and
weapon system support. The 6.2 RDT&E
Program in toto is the responsibility of
the Assistant Deputy Chief of Naval Material
(ADCNM) for Technology and Laboratories.
Work is performed principally by Navy in-
house laboratories and industry. The
Director of Navy Laboratories (DNL)
manages and administers "independent"
research and exploratory development funds
which are dispensed to investigate
intriguing new concepts or provide answers
that can fulfill a limited need. The buik
of 6.2 funding is managed by the Director
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of Navy Technology. Ocean science or
engineering that supports specific weapons
and defense systems, or classes thereof, is
controlled by Program Managers in the
appropriate Systems Commands, whose
functional responsibilities are defined

by the names, Air, Sea, Electronics

Systems and Facilities Engineering
Commands .

Biomedical research and development
is managed by the Bureau of Medicine; deep
ocean search, rescue and recovery is
sponsored by the Deputy Chief of Naval
Operations for Submarine Warfare (Deep
Submergence Systems) and is managed by
the Naval Sea Systems Command.

Level 6.3 Advanced Development, is
the highest Tevel at which ocean science
research and development retains a unique
identity. At this stage, options have been
limited to a few, usually single-system
concepts for which additional information
is needed for design, criteria and prelim-
inary operating doctrine. Current
oceanographic R&D in this category supports
surveillance, tactical employment of
sensors, and acoustic measurement systems,
and is managed by the Chief of Naval
Research for the Director, ASW Systems and
Ocean Surveillance Programs and the Naval
Electronic Systems Command (NAVELEX).
NAVELEX directly funds and manages underwater
acoustic research pertinent to the engineer-
ing and data processing aspects of
surveillance systems.

Major system developments requiring
multidisciplinary technology bases are
common throughout the Navy acquisition
process. In the early R&D stages one or
another of the Program Managers generally
is desigrated to take the lead. In an
equally common situation, where essentially
the same technology base can satisfy
requirements of several system developments,
the concept of "Block Funding" is being
practiced. In such cases, a single 6.2
Program Manager (who may be in a Systems
Command Headquarters or at one of the
Navy Laboratories) administers the effort
for a variety of users.

i




The Naval Oceanography Division (CNO PARTICIPANTS 2
0P-952) is the focal point for general
information about the Navy's total program O0f seventeen Navy laboratories, centors
in oceanoijraphy. The Division Director, as and facilities that perform rosearch and
Oceanogra; er of the Navy, interfaces with development in science, tochnolosgy and
the National Ocean and Atmospheric Adminis- engineering, twelve are involved Yo some
traiton (NOAA), NASA and other Federal extent with the ocean sciences. Major
Agencies sponsoring mission-oriented programs are conductad at the Naval Ocean
oceanographic programs; represents the Systems Center (HOSC), San Diego, California: !
Defense Department on interagency Naval Underwater Systems Center {HUSC),
oceanographic matters and the United States Newport, Rhode Island; iave! Pesearch
at certain international functions. Under Laboratory (NRL), Washington, 0C: and *ne
Cp-9352 direction the Commander, Naval Naval Ocean Research and Develgprent
Cceanography Command, commands the Naval Activity (NORDA), near Bay St. louis,
Jceanographic Office (NAVOCEANQO), the Fleet Mississippi. Appendix E liste *he Havy
flumerical Oceanography (formerly Weather) activities engaged in ccean science
Tentral (FNOC), and the global organization research and development, together with
of Fleet components responsible for the organizational mission and special
operational weather and ocean forecasting. area(s) of expertise, where applicable.

Most of this effort is at the Exploratory 3

The Navy in-house laboratories are Development or higher levels of direct
orqanized for specialization in various system or Fleet support.
classes of weapons and defense systems -- ¥,
surveillarce, anti-air, surface, undersea, The Ocean Sciences Reoon srograr of 4
coastal -- with one major center primariiy ONR is contracted to seventy rvivate and
devoted to ship design and another to civil academic institutions of which the
engineering problems of structures and Universities of California, Mawaii, "iami.
installations. Since many system develgp- Rhode Island and Washingtor; Columbia, |
ments require similar oceanographic inputs Louisiana State, Oregon State and Texas §
from the biological, acoustics or geophysics A&M Universities; the Massachucetts
bases, and so on, it is not uncommon to find Institute of Technolog, and ihe Woods 4
two or more Systems Commands sponsoring an Hole Oceanographic Institurian arc tie
integrated R&D program at the laboratory principal performers. A more incliusivs
where that particular area of needed listing can be found in Appendix C.
expertise resides.

Continual interaction exists armong the

The Director of Research, Development, universities, private institutions, unt thae
Test and Evaluation (RDT&E) of the Chief of Navy laboratories, as well as betaecen
Naval Operations provides policy and many of these and the Fleet. This is
development planning guidance for the naval especially true of the workin, .cienticts,
research community, indicating where new engineers and the growing cadre of naval 1
thrusts are needed, the geographic areas officers who hold advanced deqreoes in
of priority and force structure rationale. oceanography and related fieids.
When system developments reach a stage at
which they are ready for test and evaluation Many of the Navy laboratoriecs have ]
under simulated war-time, "real-1ife" established Support Offices or Teams to
conditions, the Director of ROT&E validates interact with fleet commands, respond to
the readiness of the system for operational special problems with "quick fixes" insafar
testing. The Director manages and admin- as possible, and maintain a constant aware-
isters the funding for such evaluations and ness of Fleet requirements in the operational
plays a prominent role in deciding the milieu. Additionally the Navy Science
ultimate fate of a system -- go ahead, more Assistance Program (NSAPY provides senior 4
R&D,. or terminate. technical personnel from the laboratar.
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system to major command headquarters in
order to develop an appreciaticn of tleet
needs and refer these to the appropriate
Taboratory for resolution. While both the
Fleet Support Groups and NSAP cover the
entire spectrum of Navy science and techno-
togy, oceanographically related problems

are not uncommon. One on-going project is

a multi-lab analysis of the tactical
significance of oceanic fronts and

mesoscale eddies, responding to a request by
Commander-in-Chief, Atlantic Fleet. The
Naval Ocean Systems Center, Naval Underwater
Systems Center, ONR contractors, and the
Naval Oceanographic Office are cooperating
in this effort, under the overall direction
of Op-952.

INTERNATIONAL COOPERATION

The Ocean Science Program sponsors and
engages in various types of international
activity: experimental projects, data
exchange agreements, scientist exchange
programs, workshops ar” symposia. The Navy
has been a party to data exchange agreements
with over forty countries in Europe, Asia
and South America individually or through
such channels as the National Oceanographic
Data Center and International Hydrographic
Bureau (which currently includes a retired
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Navy oceanographic officer among its
Directors). The Office of Naval Research
branch offices in London and Tokyo assist
in the international exchange of
information and explore new aieas for
cooperative research; the staffs include
special competence in ocean science.

Cooperation is also extended through
lTiaison with the Anti-Submarine Warfare
Research Center in La Spezia, Italy, which
is operated by the Supreme Allied Commander,
Atlantic, as a support arm for the North
Atlantic Treaty Organization, NATO.
Research at the SACLANT Center pertains
primarily to enhancing the overall ASW
posture of NATO in the seas adjacent to
the member nations. The Center has a
small permanent staff; however, most of
the personnel rotates for 2 to 3 year
assignments from the research organizations
of the countries. Currently the Deputy
Director is a civilian scientist who
has long been an ONR contractor. Every
two years (approximately), the SACLANT
Center coordinates a NATO Military
Oceanographic field program (MILoC) which
is conducted by member representatives to
investigate a particular naval oceanographic
problem. Planning is now underway for
MILOC 80.
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CHAPTER 2

SEA CONTROL

Sea Control is the sole responsibility
of the Navy and its fundamental mission. Sea
Control does not imply complete control of
all the seas all the time, but rather, the
capability to find and neutralize the enemy
wherever and whenever necessary. Enemy
submarines, fast, quiet and deep, are the
principal threat to Sea Control. The Navy
spends a substantial share of its R&D dollars
to improve its antisubmarine warfare (ASW)
capabilities, which are highly dependent
on the effectiveness of the acoustic systems
used for submarine surveillance and
localization, and for weapon guidance.

Sound travels fast and far in the ocean;
under some conditions a detectable signal
can propagate for thousands of miles. The
behavior of sound in the sea, however, is
governed by the properties of the water
and their distributions, and by the charac-
teristics of the ocean boundaries - the sea
surface and the bottom. Thus, a significant
part of the Ocean Science Program is devoted
to understanding these environmentally
caused effects and the dynamic processes
that determine their occurrence.

SURVEILLANCE AND TACTICAL ASW SYSTEMS

The primary objective of ocean science
undersea surveillance support is to under-
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stand the acoustic properties of the ocear
well enough to be able to specify the
acoustic environment in which surveillance
systems must operate. The success of long
range passive systems is dictated by
opportunities and constraints imposed by
the environment, and such systems require
reliable assessment of the resulting
environmental acoustic factors. Short-
range passive systems depend upon direct
path propagation but are also affected by
bottom reflection and transmission. Systems
operating in shallow water are sensitive to
bottom interactions and require extensive
measurements of bottom loss, sound speeds
and ocean bottom topography.

MINE WARFARE AND MINE COUNTERMEASURES SYSTEMS

Mines are designed to mee! three
principal operational objectives: blockage
of enemy ports and coastal sea lanes;
defense of our ports, coastal sea lanes and
near-shore operating areas; and control of
open ocean and strategic passages. Mining
in very shallow water requires knowledge of
the environment which is obtained by
detailed surveys not requiring R&D. Mines
operating in the open ocean and strategic
water passages are sensitive to the
environment and receive environmental
science support, The requirement for
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widespread pressure fluctuation weasurements
in deep water is expected to induce
cooperative efforts with other gJovernments
and ajenctes to share the survey burden.
Engineering development of d pressure wine
mecnanisn  for deep ocedn exposure seems
teasible and will perwit the use of long
endurance, rerotely implanted instruments.

Mine counterireasures 1s the other face of
the mine warfare coin. Mine-hunting sonars
are nighly directional sensors whose desiyn
dana operation use a spectrum of
environmental input: the density and nature
of false taryets, e.y., fish schools, wrecks
dana echues due to various types of bottom
roughness any of which way obscure the
wanted tdrget. The strong salinity and
temperdature dradients comnon in  shallow
water may seriously alter the propaygation
paths of the mine-hunting sonar thus
alteriny its coverage, and suspended
particles that cause niyh turbidity in
coastal areas scatter sound and  cause
reverperation that can mask a true target
return. Sea and swell chanyes affect mine
pressure wmechanisms., Mine burial and under
ice location present other counterieasure
arfficulties,

SOUND PROPAGATION IN OCEAN WATERS

For the Navy to optinize the design and
operation of sonar systems, the effects of
tile ocean environment and its boundaries on
sound  transmission and noise unust  be
understood well enough to predict the
beilavior of a particular sonar at a specific
location for a ygiven tine, Acoustic
propagation research 1is concerned with the
identification, efficiency, and distortion
of the many paths oy which sound may travel
fron a source to a receiver in the ocean.
Acoustic eneryy does not trdvel along
straight  paths  but is refracted Dby
vdariations in sound speed of Lhe water and
the underlying sediments and reflected by
the vucedn surface and sea floor to produce a
cuiplex pattern of sound intensity variation
potn in space and time.

Relianle prediction of ocean acoustic
processes will not be cowpletely in hand for
another decade or more because of the
serious Japs in environmental data needed as
model inputs. Significant advances have

been wade in computer-assisted wmodeling,
Normal mode theory, ray theory, parabolic
equation and other approximations to the
familiar wave equation have been developed
to provide rapid sound propagation wodeling.
FACT (Fast Asymptotic Coherent
Transmission), a ray theory mnodel with
cdustic corrections, has been certified as a
standard wodel for general use. Computed
ray paths of sound and sound propagation
losses are shown for illustration.

ABSORPTION

Early experiments thirty years ago
estaolished that the absorption of sound in
Seda water was higher than in pure water.
Further experiments attributed this
increased absorption to the interaction of
the sound wave and dissolved salts in water,
Continuing investigations have confirmed
that three distinct attenuation mechanisms
exist for the frequencies of interest to
Navy underwater systems. Froin 10 to 200 kHz
absorption is due mainly to a maygnesium
sulfate (MgSO4) chemical relaxation process.
Temperature and pressure dependency exists
but the exact relationship has not Dbeen
determined. Below 10 kHz it has recently
been confirmed by Tlaboratory medsurements
that absorption is due to a boron chemical
relaxation process. This process appears to
pe a buffering reaction and hence is
sensitive to pH. Measured pH 4t the sound
channel axis can explain variations of a
factor of two or more in the boron
absorption throughout the world's oceans.
At low frequencies, scattering due to ocean

inhomaygeneities and sound channel
diffraction may introduce additional
attenuation., This is a very difficult

reyion to isolate attenuation due solely to
absorption but the bulk of waata does
indicate a frequency independent component.

A new equation for sound absorption in
sea water has been developed, based on
earlier acoustic absorption work on boric
acid and wagnesium sulfate. A reanalysis of
the pressure dependence of absorption in
MyS0s solutions and pure water provides a
closer fit to the observed pressure
dependence of absorption in the ocean than
earlier predicted. On the basis of this
analysis, there appears to be some evidence
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RAYS TRACED FROM A DIGITAL COMPUTATION OF RAY GEOMETRY FOR PROPAGATION IN THE
OUTER PART OF THE SOFAR CHANNEL. NOTE THE CLOSE CROWDING OF RAYS AT REGULAR
INTERVALS AT THE EDGE OF THE BUNDLE OF RAYS. THESE ARE NOW KNOWN AS CONVERGENCE

ﬁgﬁEgﬁownANY RAYS THAT REFLECT FROM THE SURFACE AND THE BOTTOM OF THE OCEAN ARE
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THE SAME FIELD AS ILLUSTRATED ABOVE IS COMPUTED HERE, USING A DIFFERENT APPROX-
IMATION THEORY--KNOWN AS THE PARABOLIC EQUATION--AS THE BASIS FOR DRAWING CONTOURS
OF EQUAL SOUND INTENSITY. THE PARABOLIC EQUATION, UNLIKE RAY THEORY, ACCOUNTS

FOR THE DIFFRACTION OF SOUND THAT IS OF LITTLE SIGNIFICANCE AT HIGH FREQUENCIES,
BUT RESULTS IN A SMEARING OF THE SOUND FIELD AT LOW FREQUENCIES.
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e \// i TEMPERATURE MEASUREMENTS SHOWN ON THE
§ - J Py PREVIOUS PAGE. THE STRAIGHT LINES RE-
/ 2 PRESENT THE SOUND SPEED PROFILES USED
00 Lo . g IN THE PROPAGATION LOSS MODELING COM-
/ PUTATIONS SHOWN BELOW.
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SUDS DATA SHOW THE EFFECT OF AN OCEAM FRONT ON PROPAGATION LOSS. THE SOLID
CURVES LABELED PROFILE 1 AND PROFILE 3 ARE THE THEORETICAL PROPAGATION LOSSES
CALCULATED USING A NORMAL MODE MODEL WITH EACH PROFILE. THE SOLID CURVE
LABELED PARABOLIC MODEL WAS OBTAINED USING THE PARABOLIC EQUATION METHOD TO
MARCH THROUGH A TRANSITIONAL PROFILE AND ON INTO PROFILE 3 WHILE THE NORMAL
MODE MODEL WAS USED TO 8.0 KYD WITH PROFILE 1 AS INPUT.
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TRANSMISSION LJSSES FOR A COMBINED ROCK-SEDIMENT BOTTOM ARE COMPARLD AT ,
FREQUENCIES OF 5 HZ AND 10 HZ TG A RANGE OF 500 rM. THESE FREQUENCIES FALL b

N THE TRANSITIONAL REGION OF AN ENHANCEMENT EFFECT THAT IS ZERO AT LOW

FREQuENCIES, RISES RAPIDLY AT 7.5 HZ AND LEVELS OFF AT HIGH FREGUENCIES.

AT FREQUENCIES ABOVE 7.5 HZ, THE WAVELENGTH IS LESS THAN THL SEDIMENT LAYED :
THICKNESS, AND IT S PRESUMED THAT PROPAGATION OCCURS VIA UPWARD REFRACTING

RAYS WITHIN THE SEDIMENT LAYER. THESE RAYS LUFFER LITTLE ATTENUATIC! FROM

THE SEDIMENT.
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COLLECTION OF TINY ORGANISMS THAT
INHABIT BOTTOM SEDIMENTS SHOWS THE
WIDE DIVERSITY OF THEIR OEVELOPMENT.

LARGE-PARTICLE SEDIMENT TRAPS BEING 3
PREPARED FOR LAUNCHING FOR 3 MONTHS

MOOR. PUMPS CIRCULATE WATER VERY SLOW-

LY IN EXPERIMENTAL CHAMBERS TO MEASURE

RATE OF DISSOLUTION OF BIOGENIC MINERALS

AT DIFFERENT DEPTHS.

WHO

BOX CORER PROVIDES A LARGE
SAMPLE OF LITTLE DISTURBED
OCEAN SEDIMENTS.

WHIMP (WOODS HOLE INTERSTITIAL MUD PROBE)
EXAMINES BOTH THE SEDIMENT MATERIAL AND
INTERSTITIAL WATERS AND PHOTOGRAPHS THF
SAMPLING OPERATION WITH CAMERA MOUNTED

IN TRIPGD.
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AN INTERESTING SET OF PROPAGATION LOSS
MEASUREMENTS WERE MADE IN THE PRESENCE
OF A MARKED TEMPERATURE FRONTAL SURFACE
DURING SUDS (SURFACE DUCT SONAR) MEAS-
UREM:NTS. THE HEAVY DASHED LINE SHOWS
THE LOCATION OF THE FRONTAL SURFACE AT  THERMISTOR CHAIN AND HOIST (TOTAL WEIGHT {

q

NOSC

THE SOURCE DEPTH OF 38 METERS IN THIS 20 TONS) USED IN SUDS EXPERIMENT TO OBTAIN '
PLAN VIEW OF THE EXPERIMENT. THE LIGHT TEMPERATURE MEASUREMENTS FOR SOUND VEL- |
DASHED LINES SHOW PROPAGATION PATHS AT  OCITY PROFILES. |
THE INDICATED TIMES DURING THE RUN. ]

1

ladal
L

NC

PR

TEMPERATURE CROSS SECTION DELINEATING THE SUDS FRONTAL SURFACE. THE HEAVY
SOLID LINES INDICATE THE THREE DISTINCT WATER MASSES.

2-8




The aeteruination of tne sounda velocity
structure of  Jeep ocedn sedigents  for
accurate wodeling of Tow freyuency,
fong=-range trans.ission ot sound through the
Sedlaent 1s essential for predictive wodels.
Sinee  wapping  the entire ocean floor s
nfeasiole, Jetdilz2u studies wust be .iade in
Key locations, These can de used to devalop
Jredictive .awdels dpplicadle to other areas
witiv tne use of Iilwited Jlocal information
uotalned Dy 1n situ weasureuwents, cores, and
n1storical ddta. feoacoustic moaels dre
1.portant tu tine study of sound interactions
Nltn the  ocedn  floor. At higher sound
trequencies, Souind will penetrate usefully
nu wore than several tens of eters. At
lovwer frejuencies, inforuation is needea on
the wiole selient coluwn and on properties
of tne unaerlying rock.

As part of a prograu Lo measure 1n situ
properties of sedisents, transducers capable
Jt Medsuring shedr-wdve speed dand
alicnudliun In  ldnordtory dedsuremznts have
been designed and fabricated. Transducers
consisting wuf an array of ceranic benders
nave wveen found to ove the wost useful in
Edsuring shedr-waves in niyh-porosity
ldoordtury seliaents. To wuse the oender
eledent Lo yenerdte  shear  waves, the
propajation wediud 1s placed in contact with
one of the clewaents.,  As the eleient vends
back dand fortn in response to an alectrical
ariving signal, the transverse :otion of the
eng of tne eledent Jenerates shedar waves in
tne portion of the lediun in contact with
the woving end, Shear and cowpressionatl
Wave dttenudation Jata can ve taken 4t the
sane  Lle 4aS the shear wave speeds are
sigdSured oy recorging lhe aaplitude of the
recelved pulse,

A ToAT HWOISE

\udtent nolse 1s detined as noise other
Lhidn lndt  assucidted  witn  the  sensor
plattora, that interferss witil detection of
d  Larjget  signal. doise  frow  oreaking
surface waves, sounds uf a wide variety of
arine  anlaals, edrtngudkes, and snips  at
Sed  Ndve  been  rejarded ds  the principal
SOUNAS Comprising abient noise.  There dre,
nuwever,  Liddy  otners  dnd  Lthe sounds  of
ott-snore Wil exploration (seisuic
2apturation dna drilling) have ederyed as

very iapurtant  sources of  scegn nnise  in
recent years.

Naval systens yerforiance is degranes by
amdient noise and 1t 1S inportant to nave

4yood estimates of how loud tihe noise 14 und
its  directional chdaracteristics  Sso o Lia’
1n-water systewis design ani gt

processing aay aininize 1ts effect.
Sonar  array  desijn  rejuires 4 e

capasle of predicting tne  spatial  arnc
teniporal coherence, SpecLrd.
chdracteristics, Jdepth dependence, ani
directionality of the aoise  fielc, A

Researcn Amdient Hoise Jirectivnality Aodel
(KANUT) and Fast Ambient Neise wdel (Fadd)
have been developed for use 1n ‘he desijn of
ampiant noise 2RLET Tilents and SysSte
analysis studies.

A variety of .aeasuredents are required n
order to measure these directional, teptn,
locdtion, and  tewporal  dependencias  Of
andient noise su 4as to provide pasic  lata
for Jdeveloping and testing tne abicnt noi,.
wodels. The special features of  ‘“he
principal  instrunents now  In o use are
reviewed halow,

For .any yedrs understanding of aanient
noise auavanced very slowly DecauSe fne it
foraidable instrunentation and arrdange ents
for the aonitoring ot noise=-waking snips,
stora centers  and  the  like were beyond
reach. The decade of the '70's has seen the
Jradual develonnent )t the necess iy
instrusientetion. Juring  tniis levelupaent
instruments have Deen used Lo aCguire J2atd
ot ounidirectional dand  directiondl  noice
properties. From tnese tdatg afyuisition
operations and their analysis we now o
uch qore of their deptih and locition than
prior to 137). We know thdat shipging has o
marked effect on noise over o aruad spectrud
of low freguencies. In  places  wheve
shipping 1s especially hedavy, ds 1n ne
Aediterranean Sea and along tne coast Ot
western Lurope shipping ao1se iy tinates Lhe
lTow frequency naise. Sounar systens depluyed
witnuut rejard for these facits will rosanty
perfura very pourly.

yur present  knowledye  atd anderstanding
of anbient noise s 2 Juod stdart, Hat 1t
reciding  wost  incodplete  and  experioeats
continue on its depth and  directional

dependence, the coffect ot scean tloor relief
dand sv on,




Developments in underwater noored
acoustic sensor systems such as Acoustic
Data Capsule (ACODAC), ™Moored Acoustic Buoy
(MABS) and Ampient Noise Buoy (ANB) as well
as tne vertical array on FLIP are increasing
our knowledge of ambient noise depth
dependence and vertical directivnality in
the deep open ocean,

A deep ocean data acquisition system,
Virectional AJTOBUOY, 1is unique in that it
is completely decoupled from the ocean
poundaries, Because it moves with the water
nass, and unaffected by surface wave wotion
the array is unperturbed so that sources of
self nuise way be yreatly reduced. A weiyht
cdarries the nearly buoyant system to a
selected depth where it is released (as deep
as oU00 meters). A depth sensor provides
signals to control the valving of light and
heavy fluids to acnhieve neutral buoyancy at
the depth at which data recording comnences.
Subsequent depths dare achieved by valving
heavy fluids to permit ascent and then
pallasting about the next progranmed depth.
Tne Directional AJTOBUOY hdas been tested and
recently deployed in joint U.S./New Zealand
1978 exercises in the Fiji gdasin area of the
South Pacific,

The Proyrammable Acoustic Recorder (PAR)
is a widwater vertical measurement system
capable of long-term unattended operation in
ooth shallow and deep regions of the world
oceans. This multichannel system operates
to depths of 6000 meters and can be used to
record throuynout the water column acoustic
pararieters such as ambient noise, bottom
loss, propagation, and vertical
directionality. The PAR system evolved from
the ACODAC which was first used in 1971,
Tne major second deneration developments
that ndave been incorporated into PAR are
wicroprocessor control, odular hydrophone
array construction, and modular payloads.

The VEKA (Versatile Experimental Kevlar
Array) light-weight hydropnone arrays can be
easily deployed in various configurations
from non-dedicated ships. The arrays use
light weight Kevlar cables, miniaturized low
power electronics, and special hydrophones
suspended either in the vertical or
horizontal mode which are individually wired
directly or transmitted Dy multiplex
telemetry back to the ship.

MARINE BIOACOUSTICS

Another phenomenon important to
surveillance (and tactical) sonars 1is the
scattering of sound energy by some animals
and plants of the ocean. Some larger marine
animals (whales, sharks, and others) and
schools of sialler fish may produce echoes
that resemble submarines or torpedoes.
These have long been a difficult prodlen
because of their occasional appearance and
highly variable nature. Some of the smaller
animals of the ocean that are diffused
through the upper 1000 meters of the ocean
also scatter sound, a phenomenon known as
volume scattering. This scattered sound
limits active sonar perforwance, and under

some circumstances can obscure subidrine
echoes completely. From past research we
know that some of these animals,

particularly those who have some sort of
gas-filled sacks as part of their depth
control apparatus, congregate at nearly the
same depth by species to form layers that
are readily distinguishable on echo sounding
records. These are the so-called deep
scattering layers. These animals seem to
prefer depths dictated by some combination
af light intensity, temperature,  and
pressure, Thus they migrate toward the
surface at sunset and at sunrise go down to
a depth that appears quite the same from day
to day when viewed over a period of several
days. Several years ago a decision was made
to monitor the behavior of the layers over
several years. This study, called Ocean
Acre, was one of the most comprehensive ever
undertaken. It was completed in 1977, The
Program characterized volume scattering
profiles measured acoustically and
successfully predicted scattering strength
profiles from net trawl data on 55 species
of air bladdered widwater fish collected
during different years and seasons within a
defined area near  Berinuda. Volume
scattering strength was measured at selected
frequencies from 3.35 to 15.5 kHz to
determine diurnal, day-to-day variability as
a function of frequency. Variations among
profiles from different seasons or years
were significantly greater than those among
the day-to-day profiles. A simple

prediction model wusing air-bladdered fish
abundance

correlated well with measured

L




VIEW OF RESEARCH PLATFORM ORB BEING TOWED TO SEA FOR OCEAN NOISE STUDIES
WITH THE SUBMERSIBLE ACOUSTIC ARRAY ADA (ADVANCED DETECTION ARRAY) IN TOW.
SEA GOING OPERATIONS CALL FOR ARRAY TO BE TOWED TO ITS WORK STATION IN BP-
SIDE DOWN POSITION. ON STATION, BARGE IS SUBMERGED, ROTATED THROUGH 90~,
AND SUSPENDED FROM MOORING LINE BETWEEN ORB AND THE OCEAN BOTTOM. ARRAY
UTILIZES SIGNAL PROCESSING AND BEAMFORMING CONCEPTS TO MAKE ADVANCED MEA-
SUREMENTS OF STATISTICAL DIRECTIONAL PROPERTIES OF BACKGROUND NOISE FIELD
IN THE OCEAN. ADA MEASURES 21x8.8x6 METERS AND WEIGHS 60 TONS. ADA AND A
HYDROPHONE "TREE", ONE OF 720 IN ARRAY, ARE SHOWN.
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DIRECTIONAL AUTOBUOY CHARACTERISTICS.

NORDA

VEKA 1I-22, ONE IN A SERIES OF VEKA
ACOUSTIC ARRAYS, USED FOR AMBIENT NOISE
MEASUREMENTS AS WELL AS OTHER ACOUSTIC
MEASUREMENTS.

N

THE BOTTOM CURVE REPRESENTS WIND SPEED

VARIATIONS RECORDED SIMULTANEQUSLY WITH

THE AMBIENT NOISE AT 1, 5, AND 19 HZ

FREQUENCIES IN THE BURMUDA AREA DURING

WINTER CONDITIONS. THE GENERAL SHAPE

OF THE AMBIENT NOISE LEVELS RESEMBLES

THE WIND SPEED FLUCTUATIONS, PARTICU-

LARLY FOR THE 5 AND 10 HZ BANDS. ¥

COMPUTED CROSS-CORRELATION COEFFICIENT
SHOWS THE STRONG RELATIONSHIP BETWEEN
THE WIND SPEED AND THE AMBIENT NOISE
LEVELS SHOWN ABOVE. THE DECREASING
VALUE FOR FREQUENCIES BELOW 2 HZ IS
THE RESULT OF SYSTEM NOISE CONTAMI-
NATION.




NOSC

VOUUME SEQTTERMIG M SAN EEEGY TNOGRI
L O

SOUND SCATTERING OF BIOLOGICAL ORIGIN
HAS BEEN OBSERVED IN VIRTUALLY ALL
OCEANS MAINLY WITHIN 1000 METERS OF
THE SEA SURFACE. SHOWN HERE IS VOLUME
SCATTERING IN THE SAN DIEGO TROUGH.

NET TRAWL COLLECTED 55 SPECIES
OF AIR BLADDERED FISH DURING
THE OCEAN ACRE RESEARCH PROGRAM

&

L

OISTRIBUTION OF BIOLOGICAL LAYERING AS OBSERVED ACOUSTICALLY WITH AN
87.5 KHZ SONAR SYSTEM. LAYERS APPEAR TO OSCILLATE AT TYPICAL, INTERNAL
WAVE PERIOD. MAJOR PORTION OF DEEP SCATTERING LAYER IS AT 240 METERS
AT THIS LOCATION.

PRSP PP Y




THE HIGH LOSS AT LOw FHE .. [ -
SHOWN HERE AT SMALL GRAZINE
ANGLES 1S DUE TO COUPLING OF
ACOUSTIC ENERGY INTO A STONELF+
PO 3 WAVE. THIS HIGH L0SS (AN Ef-
- FECTIVELY BLOCK 0UT LONC RANG:
SHIPPING NOTSF

DEEP SOURCES AND RECEIVERS I
PLACED ON THE SEA FLOOR
MEASURE SEDIMENT ATTENUATION

WHO.

THE DEPLOYMENT OF THE DIRECTIONAL
AUTOBUOY WHICH HAS A 12-ELEMENT
ARRAY AND A CORRESPONDING
PROCESSING ALGORITHM COMPOSITE OF ECHO-SOUNDING PROFILES
SHOW CONTOUR OF FAULT SCARP ON ONE
SIDE OF THE CAYMAN TROUGH. EXAMPLE !
OF BOTTOM ROUGHNESS THAT AFFECTS A
BOTTOM INTERACTION.
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acoustic profile data. The success of the
wodel 1s attributed to the observdation that
53 species of fisn appear to serve as a
relianle index to the total population of
potential scatterers within the insonified
volume.

Tne Ucedn Acre Etxperiwment was carried out
in but one ygeoyraphic area. Uther prograis
inaicate that there are siygnificant
contrasts awong different water masses,
changyes of latitude, and probably several
scales of oceanic phenomena. wWe know little
apbout  Jeograpnic contrasts of this sort
comnpdred, for exanple, with our knowledje of
Jdepths of the ocean.

sounds Jenerdted Dby subimdrines or ships
detectable by passive sonars may also be
obscured vy sounds yenerated Oy marine
organisiis, Tnis  complex subject has
received considerable attention in the past,
and various of its phenoiena remain a highly
effective constraint on sonar perforilance in
particular situations. Like the false
submarine echoes from whales, sharks and
fish schools, it appears nighly variapble dand
not predictable to tne sonar cowmunity. As
exdples, all ceraceans (whales and
porpoises or aolpnins) produce sound, some
at  very ygh  levels, Certain shrimp and
nektonic fish also make sound that can cause
local or short tera problems for sonars.
For these reasons a significant effort
continues o1 the acoustical properties and
benavior of wmarine organisms which actively
or passively alter the operational
efficiency of the Navy's underwater acoustic
surveillance, Juidance and communications
SySteMS .

NUN=ACUUSTIC ASW SYSTEMS

The competitive pressure amony ootential
adversaries in our world and a gradually
wore  polluted environment (acoustic noise
pollution in this instance) wmay well
seriously impair the efficiency of sonar
systeins of the sort that are reasondbly
successful today. Hence there 1is always
pressure on ASW specialists to be sure that
tney dre not disreygarding other potentially
useful ways of detecting and tracking
subiiarines. Especially the U.S. Navy does
not want to be second in such a developuent
race! The 1ist of candidate influence

2-1

fields is long, and only a few will be
cited: the internal wave generated by the
passage of a submarine, 1ts magnetic field,
its electrical field, its response to low
frequency electronagnetic fields, to light,
to radar pulses, various chemical
possidilities, and so on.

Many of the implied methods have been
used to find subnarines in staged exercises,
but regardless of the outcome a principal
obstacle to success has Dbeen the natural
noise field, and our yeneral Tlack of
knowledge about it. A1l of tnese noise
fields are proper objects of study to ocean
science. Together their understanding forms
an important research objective for the
Navy. The answers to many if not all of the
questions about these noise fields are to be
found in understanding physics and chemistry
of the waters of the ocean. In what
follows, these matters are reviewed
indicating the general aspects receiving
emphasis at present and probably in the near
future, Most of these research objectives
are significant bSoth to acoustic and
non-acoustic methods of submnarine detection.

WATER MASSES

Water masses throughout the wouceans are
characterized by various physical and
chenical properties such as oxygen,
salinity, temperature, sound velocity, etc.
The jeographic distribution of specific
water inasses, their formation, and
circulation within the world oceans have
long been studied using various ocean water
properties such as oxyyen content,
temperature-salinity relationships, and more
recently trace materials such as carbon
fourteen (C14), tritium, fluorine, etc.
Such water masses, which are formed and
driven by winds and by heating, coocling,
evaporation, and precipitation, circulate on
various time and space scales, among which
are the yreat gyres of middle latitudes, the
west-wind drifts of high latitudes, and the
deeper flows carryinyg denser waters of high
latitudes into the central oceans, from
ocean to ocean and frow basin to basin.
Fron a better understanding of the nature
and magnitude of the general circulation,
estimations of the balance of axchange of
water, heat, salt and nutrients within the

-l




CIRCULATION TN THE NORTH ATLANTIC OCEAN AT A DEPTH OF 1000 METERS SHOWING
THE DIRECTION OF FLOW OF AN ANTICYLONIC GYRE (SOLID LINES WITH ARROWS) WHICH
INFLUENCES THE WESTWARD AND NORTHWARD SPREADING OF THE WARM, SALINE WATER
FLOWING OUT OF THE MEDITERRANEAN (SHADED AREA).

63° 30N 357 13W
' GEQSECS A AUG 1972
2 TRITIUM UNITS
®4L*C ppt

* . i NRL 9 AUG 1376
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A SIMPLE, RAPID, INEXPENSIVE SHIPBOARD METHOD FOR TRACING WATER MASSES USES
MAN-MADE FREON-11. THE RESULTS ARE STRIKINGLY SIMILAR TO THOSE OBTAINED BY
MORE ELABORATE AND EXPENSIVE METHODS WHICH DEPEND ON SHORE-BASED MEASUREMENTS
OF TRITIUM AND CARBON-14.




great ocedn systens can Dpe redlized,  Such and eddies have been difficult and expensive
realization can provide a proper background to nonitor using standard shipboard
agyainst wnich tneoretical examindations and easurements. Satellite sensors monitor
detailed nuilerical odels can be developed ocean surface features in the

more efficiently and more effectively to electromagnetic spectrum and therefore sense
1nprove  the Navy's understanding of the to waxiinum depths as little as a millimeter
world oceans, its circulation patterns, and below the surface or at most penetrate to
its environmental effects on Navy systems tens of meters.

and vperations. In the past, atmospheric interferences,

Ocednographic surveys of the chemical and i.e., moisture, clouds, and aerosols, have
pnysical paraneters of salinity, been Timiting factors in  time-series
tewperature, pressure and/or depth provide observations of the relatively subtle ocean
inforasation concerniny the density surface temperature gradients. In 1978
aistribution and physical characteristics of SEASAT-A was instrumented with microwave
various water :asses 1in the ocean. The sensors, which are capable of viewing the

wovenient of water masses in the deep ocean ocean surface through clouds. While the
Cdan  Dde  estimated or inferred from a SEASAT-A results were encouraging durinyg its

knuwledge of the water's density structure short life much nore vresearch will be
11 the earth's gravitational fie!d and the required to  establish the scope  of
effects of the earth's rotation. The usefulness of microwave surveillance of the
direction of flow, and the voluwe of water ocean.,
transported in a determined direction, and With respect to 1its application to
1N udny cases the origin of such water tactical ASW this relatively new technology
masses can be estimated. Such information has not yet been adequately evaluated. How
for the worla ocean allows the deterwination reliable 1is this information for input to
of general circulation patterns of the major acoustic prediction determinations? Surface
currents, exchanye rates of various water values wust  correlate  adequately with
masses, Jeep circulation characteristics, temperature and density structures in the
and seasonal ana long-period variations of Aater column to define changes 1in acoustic
naJor current rejimes. Oceanic regiwes in regimes. These correlations will vary
which fronts (discontinuities in water mass seasonally and locally in some geographic
characteristics) and/or eddies having a areas. The next step is to assimilate this
potential to iupact the Navy's surveillance satellite derived inforiation into the
and ASW aissions are also located and environmental data base for acoustic
studied by these  ethods. Several predictions. With established correlations,
couperative oceanoyraphic programs are the satellite data can be used to complement
discussed in Chapter 5 wnich include studies and render wore efficient, low density in
of larje-, small- and wicro-scale water situ sampling in deriving acoustic
structures that have received considerable forecasts. The availability of these data
einpnasis during the past few years. will then permit assesswments of range
dependent acoustic prediction models and
FRUNTS AND EUDIES determinations of the feasibility of
operational shipboard utilization in areas
The Navy is investigating the where fronts and eddies exist.
chardacteristics of fronts ana edaies in the Spatial temperature changes are swall
ocedan to deternine how and under what over a large portion of the ocean but there
conditions they are formed and their impact are localized areas where extrene
on  prasent ASW systems. Environmental variapility in the thermal profile down ‘o
satellite inagery provides the Navy with a 300 weters is found. These dareas are in the
capaoility to view the ocean surface vicinity of ocean fronts where perturbations
synoptically at frequent 1intervals. This moving along the front wmay break off to form
capability is particularly wuseful wi eddies of warm or cold water that drift
i tewporal and spatial mesoscale variavilities slowly in an alien water nass. These eddies
- of water mass boundaries {sucn as fronts) may last from a few weeks to more than a4
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THE ACOUSTIC FIELD COMPUTED WITH AND WITHOUT AN EDDY PRESENT IN AN ACOUSTIC
CHANNEL. THE STRONGEST (DARKEST) SIGNAL FOLLOWS A SINUSOIDAL PATTERN. THE
EDDIES CAUSE THE VERTICAL EXTBNT OT THE PATTERN TO DECREASE 30%. IN ADDITION
THE PEAKS AND TROUGHS ARE 180 OUT-OF-PHASE IN ONE PLOT RELATIVE TO THE OTHER.

cad -

i ) = A . ’ & E

FIGURE (a). INITIAL TESTS OF THE DOPPLER SONAR CONCEPT USING A NARROW
BEAM SONAR MOUNTED ON FLIP. FIGURE (b). CURRENT VELOCITY AS A FUNCTION
OF TIME FOR VARIOUS RANGE CELLS IS SHOWN. NOTE THE NEAR INERTIAL MOTIONS
WITH PERIODS OF 24 HR WHICH DOMINATE THE CURRENT FIELD. FIGURE (c). THE
DERIVATIVE OF VELOCITY WITH RESPECT TO RANGE, WHICH IS EFFECTIVELY THE
DERIVATIVE WITH RESPECT TO DEPTH FOR LOW FREQUENCY MOTIONS, PROVIDES AN
ESTIMATE OF THE CURRENT VELOCITY SHEAR.

2-18




year, Wwork in progress is directed at
evaluating, both analytically and
nu.erically with the aid of computers, the
effects produced by these disturbances on
single acoustic vreceivers and arrays of
hydropnones. Wwhen a reliable model s
developed 1t will bpe possible to predict to
what extent the ASW forces will encounter
problens frow the eddy phenomena.

INTERNAL WAVES

Wave wotion on a4 smaller space scale such
as internal waves is thought to affect the
coherence of sound waves in the sea.
Specific objectives are to develop
technigques for easuring internal motions
dnd to deterunine the oceanwide distribution
of their eneryy spectra.

A particularly challenginy aspect of
physical oceanoyrdaphy 1s that many of the
phenowena of interest can only pe adequately
ubpserved oy aultidiiensional  arrays of
sensors wnich are aifficult to field in the
open ocean. The several difficulties that
confront a vrelias>le observation program
require further uevelopment, possibly a
conplete departure from moored buoys. One
such alternative to uoored instrumentation,
is Doppler sonar which can provide remute
velocity inforuation. In one approach, high
intensity sound 1s transmitted 1in a narrow
Deawm which scatters tron the plankton and
nekton in the upper ocean. From the Doppler
shift of the back scattered reverberation,
the component of velocity parallel to the
sonar Deaii can be deduced at many ranges.

Initial tests of tne Voppler sondr
concept have veen conducted using a 87.5 kHz
narrow peaw sonar mounted on FLIP. The
slanting sonar oean provides 4  quasi

horizontal array for observing high
frequency ( 1 cph) internal wave wotions,

THe ARCTIC

The Soviets have expended 4 very large
effort and many resources to establish naval
supremacy in the Arctic reygion., To counter
this comnitment the U.S. Navy maintains the
ctapaoility of operating in the Arctic,
countering military threats in that region,
and maintaining freedon of the seas. Naval
Arctic environmental exploratory development

relates directly to three warfare ared,,
Surveillance, Antisubinarine Warfare, and
Coastal Mine Warfare.

Arctic research studies reguire special
approaches to accommodate 1ce bhehavior and
the extremes of hnhigh Jldatitudes, Poar
example, anbient noise 1n the Arctic 1S
unique. The ice canopy 1S constuntly under
deformational activity such as fracturing,
pressure ridge formation, floe 1interdction,
and overturniny. Within nany of the shallow
narginal ice zone dreas, sed ice dand 1ceivery
scouring produce unusual amblent nuise and
an apundance of sound produciny arine life
adds to this dalready complex prublewr, The
petroleun-related industrial boo.s on ‘he
North Slope of Alaska anc  flanadd  slso
contributes to the amdient naoise roonle .

The Naval Arctic Researcn Laboratlory
(NARL) located on the shure of the Arcuic

Ocedn at the northernmost limt L+ the
United States ({abort four miles norin Ot
34rrow, Alaska) presents intgue
opportunities to support arctic  rescdrih

obJectives. From NARL the Navy operates
several field stations, includinj researon
stations on 1ce islands. These ,rograns
have been supplenented by airpurne stutes
of the distridbution and dynaunics of  pack
ice. An ice survelllance proyram, 312051t
uses airborne nfrared scanners and laser
altimeters to collect statistical  data
concerning the 1listridbution of various 1ce
features and conditions. nooadditan,
acoustic studies of the wdaryginal sea ice
zones of the Arctic Basin dre boeing
conducted wusing the HBIRDSEYL dgircratt 1ty
launch SONoOdU0ysS, SUS charyes, and
expendable bathythermoyraph (XBT) syste s,

Underice operations have made 1mportan
contributions to knowledge of the physics of
sea ice. The profiling of many miles of thne
underside of the Arctic pack 1ce cdnopy by
submarines has provided invaluable ddta
concerning distribution dand size of e
ridges and underice features, The Arclac
investigations have developed nany unractical
applications including ice forecastiny and
bathymetric charts of the Arctic (cean.

Sea ice penetration/perfuration
perforudance of air-dropped projectiles,
particularly nines, 15 assessed by
analytical, scaled models and tield studies.
Hardness, sdlinity, moisture content |
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ATRBORNE PASSIVE MICROWAVE IMAGERY OF SEA ICE
SHOWING FEATURES TENTATIVELY IDENTIFIED AS
STRE®S LINES, VARIATIONS IN TONE, REFLECTING
RAD:OMETRIC TEMPERATURE OIFFERENCES, DISTINGUISH
NEW, SINGLE YEAR (SY) FROM MULTIYEAR (MY) ICE.

SCIENTISTS MEASURING THICKNESS OF THE ICE COVER AND
DEPTH OF PENETRATION OF AN-AIR DROPPED PROJECTILE.
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vooerat gre ang
Thickness,  anl

LU, ertiies
roectile

Lenperdture gradient,
SHow  cover  Jare  the  ice
tipurtgnt  1n lthese assessients.
cnargcteriscics  nclude  weignt,

JUdenstgns o shaye,  nose  confiygurdtion, and
aterial, Tne  conditions  of  impact,
veouttyy and angle s are all o amportant

coaales tor tnvestigation, [noaddition to
coatualing the  throuygh-ice  capability  of
Ve, 1 e nardwdare the HTrOYran is
Jusn dnd design
Critertg ognd o tecnnigues  for

BILPECEES NI v

PPl o

et iy certar e ogn pertor ance.,
wtelive odgery nas proven especidlly
crLT e T e resedron, The wile-dred
TR JaNerydtions at surface

ATt er s ties, rejpedted segaentiglly,
crleatation, ot dritt yectors and

Tadlen gt Tne cunsequences ot Iritt:
cris oy ennyoand closinyg or iatensitied
iy, tor ead e,

Hrovewenls Lo oreole sensors, satellite

4 irborne,  are continually  sought o oas
et e aenty L) Lidyery mnterpretdation
S e The uab1litly ot pdssive  nCruwave

conatqaes by orovide  usetal anforciation

SATELLITES - DMS, 6 JULY 76
NOAA -VHRR. 19 AUGUST 77

PROJECT HUELVA INVESTICATE)
THE OCEANOGRAPHIC AND ACOM, -
STIC PROPERTIES OF A PER-
SISTENT SURFACE DISCONTINHITY
IN THE WESTERN MEDITERRANEAN.
SHOWN IS NOAA VERY HIRH RESO-
LUTION RADIOMETER (VHRP;
INFRARED IMAGE OF THD €70
WATER INTRUSTION
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l CHAPTER 3
PRUJECTIUN UF POWER ASHORE
) I In wartiue, Projection of Jdaval Power All  of these propert e gy e 1. :
Ashore implies the ability to cdrry the variables; all are ooy 0 e, T :
tight to the enemy, penetrdate detenses dand da Capability o dke o =Tl Do e e i
‘ subdue. Power Projection rests on the predictions of changes 0 thesge et
correlative apility to maintain supply lines anywhere in the worly, ‘re cean e
tnroughout and after a specific enygageuent, Program  expends g e e ottt o
This function is integral to the Sea Control trying to unravel tne oot e o tngt
‘ Mission, The Navy's role in  Power modify coastdl envir. v, v e Lenase
Projection 1is implemented primarily by the of quantifying the o+ "o e T
Fleet Ballistic Submarine Fforce, by the resedrch inclutes o L Pamatry
‘ tactical aircraft operated frow aircraft weasuremnent  royracs, . o el
‘ carriers and by amphibious assault forces. instrumentation devel . et oty ST
Previous chapters have treated the ocean attention to  resute S, MU
environmental research and developuent to associated analyses 'hat .y yeld Lo
support the first of these operations. In empirical correla® ony 1 RPN -
tnis cnapter the coastal mdrine research in theory.
support of anpnipious operations 15
presented. TIDES
AMPHIBIUUS ASSAULT Of all the roace, oy tr st
coastal zone, the ‘'negr, of : oo
Coastal features and processes st understood. Tre Lo : AR '
importdnt to amphivbious assaults are tides, shape of  the S Dast S e
shore currents, surf, beach topography and interference oi 1. e 1 e
trafficability, and the sediment tides to assurwe very e e

rhararteristics of the seafloor.

AMPHIBTIUUS ASSAULT OPERATION
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These cuaplex, irregular patterns depend 1in
large part on the size, depth, and
configuration of the basin, beach, or
waterway suoject to tide-producing forces.
Tidal reygimes can bde predicted with ygreat
accurdcy wherever a sufficient record of
tidal heignt as a function of time is
available to compute {(and subsequently
verify) the tidal coefficients. In the
apsence of ooserved data, however, estimates
of tidal height and phase can be grossly in
error, a situation with disasterous
consequences for amphibious  operations.
Ahetner landing and unlvading under fire on
aud  flats exposed Dy Tow tide or 1in heavy
sarf, the result can be equally calamitous.
The Jcean Science Program has sponsored
resedrch on the prediction of tidal height
and  phdse 1n coastdl reyioans. In 1974,
dirscovery of lunar diurnal tide confirmed
the efficdacy of a newly developed prediction
detnogd vdased dn ygravity chdanyges edsured at
Loastal statiuns, txpanding  on  tms
dpprodach, 4 netwurk of  gravineters were
vlated v tne seatloor 1n an ocednic dred,

and  open  ocean  tiaa!l  distributions  were
interred tor the first tiae, The ethod
ut1lizes ‘ne arinciple that tidally

d1s,.1dceed agasses ot poth the ocean dand thne
eartn roduCe Chanjing grdvitational firelds
17 edlh station uf  tne network, The 145S
I riuLt ton Taased by the ides Cdan then dbe
Jeduced trowo tne Shanginy Jrasity
e Lare ke ty, toorerc ans ot pen cean
Crde, gt e suattesstully  gchreved  eer
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Cansctule s et These Loy waast el oregoans
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Jata U g tew Saubierged Snstrooents, can e
poarinedl witn o satelltte radar gl wetr, 140
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sea network of telemetering stations that
would enable the Navy to provide the
amphibious forces with accurate tidal data
anywhere in the world.

The task of translating open ocean tidail
predictions to specific coastal locdles
requires numerical hydrodynamic models--
preferably with sufficient flexibility to
encompass a range of coastal conditions,
Research to develop such a .odel for
arbitrary open coastlines as a function of
the deep ocean tides and the wina stress 1is
underway. An initial test site for
evaluating the model was the New York Bight,
chosen because dn extensive collection of
recent pressure and current neasurenents dre
dvailable for that drea from a NOAA project.

COASTAL CURRENTS

T1dal  currents cdn be as Important tu
military operdtions 1n sgme dreas da5 Lhe
chanying depth  of  the water, heljing r
nindering, depeniing on thelr strength and
set, Trdal  furces  gre otten Corcletely
wasked  alung  open  coastlines, by other
Carrent-prodacing forces which are far less
gredictanle, Resedrch un coastal currents
15 priarily  concerned  with  longshore  and
Jttshare cuarrents Cgused v ooshore ainds
and wdve 10t1on, These tnc] e the tyelge
Candertow’ our il Carrent Tngt wyery 4 vaer

char s e Toyes b nwary P tnar o o
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Other studies are investigdating the
stability of longshore currents, prediction
of rip currents un plane and barred beaches,
and currents in the transition zone between
areas dowinated by inlet and pedch
processes.,

AssuCldated  Tiproveuents  in iedsurenient
Capabilities include an mnovative
application ot over-the-horizon (UTH)} radar
technigues using a Jround wave node  to
lucdte, track, dand 1Interrujdte expenddole
drogue-type DbuoyS on  denand, The small,
low=-Ccust droygues dre fitted with trdps that
Can  de  adjusted  to  provide  real-tiae
19t sroaation an current velocities dand
teriperatures as functiuns of depth over tne
cuntinental shelf,

Soxb i) SLJITMENT TRANSPURT

Tae Jhardcteristics  ut o osurt  depgend on
Wy tallors, e.j., local winds, stage ot
“iae, swell generdated Dy storas a4t sed, eti.
"neo tandg ental cduSe,  nowever, 1s  'he
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Joined forces 1n 4 field progran to obtain
detailed and coordinated time series datd un
waves dand currents along transects nornal to
the coastline in a vdriety of open ocedn
nearshore conditions. MeaSurements 1n surf
zones characterized by plunging, spilling,
collapsing, d4nd surging breghbers and Jdata on
the interactton of oftshure currents with
surf zone ,rocesses Jare neiny exguined for
answers tu  guestions ot sedraent  exchanye
between the oftshore and surt zones and the
nature 0t wave, current, and turbulence
spectra under vdrying s.rf conditions, It
apgpedrs that when *ne surf 1s  formed of
dregiing waves, the longsnore sand Transport
dde tu this actron 1s cuntroned * 5 the
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narrow, swash zone just inshore of the
breakers. slightly farther offshore,
sediment transport is caused by the combined
action of wave orpital currents and the
averaye currents that result poth from winds
in the local drea and those occurring
elsewhere.

Measurement programs are underway along
California, Gulf  Coast, New England,
Florida, and some foreiga coastal sites to

obtain data representative of different
kinds of Dbeaches, Exposure, coastal
configuration, bottom  topography, beach

gradient, and the sediment characteristics

“ode 4€2

JNE

are all
considered.

significant properties to be

Models being developed can be
evaluated against actual conditiors or
various combinations of the signit cdnt
parameters, Certain consistent principles
have emerged that augur well for successiul
modeling., When waves are of the surging or
collapsing type, for example, it is possible
to use well-known wave theory to predict the
fluid stresses that result from wave orbital
motion., This is not true, however, for
spilling and plunging waves and new theory
is being formulated and evaluated for these
cases.
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oK e CNYVIRONMENTAL CONDTTEONS  CHANGE  rapidly  as o marar troantal o syste s Lasy

Mrough Coastal o regrons, 1llastrating why one of the ultimate objectives of he Navy's
JERS! fyng oy resedron o rogram 15 Lo be able Lo provide nedr real-tioe abhoeryationg
W, -t - date tacttegl predictions ot such factors as longshure and v, carrents o owind
1L regker Drectlon ogand Cntensity, wave height | oand visioility. Naerale on the
*oyures reter o owind speed 1n o anats,
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The transformation that waves underyo ds A new approach beiny dev.iopei!, the Naturs!
they wlove into shallow water (before Wave Climate Calendar, reflects . natural
breaking) wwust also be considered in atiwospheric  calendar  that Jefines thy
preaictions of surf and sediment transport. beginning and end of seasone tr Jedr
Dissipative sechaniswms include friction, year., Distinct supseasuns ° each  seas.
percolation, and bottom motion, as occurs 1in can also be defined. SINCe  waves  are
soft clays. Model concepts compared with direct result of atmosiberic processes, -
experiunental results of field programs may be possible 10 construct wave Clirate
indicate that the dominant dissipative calendars for the various cuastal regions of
Wwechdnism appears to correlate with sediment the world. Certain key dates are Ddeiny
type: dotton motion is the primary agent exaiined for such correspordence. Dne  of
where soft muds and clays are abundant; the dates is October lu. ‘frouns this date,
percolation, where the oDpottom 1is coarse the North American Polar front noves
sand. southward to its mean winter ,usition,

Tne ultimate objective of this research, Since migratory extrdatropical storas  rove
d  dynauic  coastal classification and alony this front, one  aionhe exaec”
prediction system, will be only as effective pronounced changes in stori wase cligtes.
2+ the wodels it employs and the methods Plots of hindcasted dats  around  this
thdal dre wused to handle the input data. date for Cape Hatteras sShow “hat this oy
Prowising new approaches to the latter are indeed the case: the prubability of ~tor
also  being studied; one of the more waves is about half ayain as yreat for e
interesting 1is recognition that there are 15 to 20 days after 16 October than a* .,
recurring events in the coastal climate that other time. Additional amﬂy& Po own
appear to follow a "natural" calendar. this same behavior repeated &t ‘.o Sther ':
Coastal wave conditions, for example, appear stations along the eastern seq:;uar‘:. 1

to conform to such a pattern, a phenomenon
that 1s masked when wave data are averaged
on a wmonthly basis -- the standard practice.
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WAVE CLIMATE CALENDAR COMPILATIUN FOR VIRGINIA

BEACH, VA., OISPLAYS DISTINCT PATTERNS AND SUB-

SEASONS THAT ARE NOT REFLECTED IN THE MONTHLY
AVERAGES COMMONLY USED FOR DATA ANALYSIS.




IN ADJITIUN TO ENERGY ATTENTUATION, waves

REMJUTE SENSING APPLICATIONS

The Ocean Science Program conducts an
dgygressive program in  remote  sensing
applications to coastal and shallow water
proolens, Remote sensing offers three
ddvantages--it promises a capability for
timely and secure reconnaissance of
enemy-held landing areas, provides a method
to obtain experimental data on dynamic
processes over a wide area in real time, and
offers a rapid safe means for hydrographic
surveys of coastal areas.

Remote Sensors are carried on
helicopters, aircraft, and satellites or are
mounted on shore stations. Techniques and
hardwdre d4re in a state of constant, rapid
evolution, and the last five years have seen

3-7

moving onshore over
drastically deforiied. Although wave height would no longer be cause tur coancern, the
saw~toothed character of the resuitant wave train could wreak havoc with Sull craft
and surface effects vehicles meeting them head-on, the warine equivalent of "running
into a stone wall,"

sud borttors may e

tremendous inproveents

discrimination and juantification of coastal

variables. Resedrcn is  conducted

sensors, their use,
aspects of handling
sensing  data must

distortion related
atmospheric moisture

the air space betlween
earth's surface, movements of the platform,
other factors that can

aherrationg {and
the data. There 1s 4

earth curvature, and
cause possible

misinterpretation) of

and  on o the  varous
the  data. Qemote

he corrected

to properties (e.g.,
content ) aerosols)
the sensor and the

steady drive to exploit the potential
remote sensinyg technoloyy to the irmt

the state-of-the-art,

One current project
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is to determine whether subsurface
temperature and salinity in  coastal zone
waters can be weasured by a laser technique
that distinguishes Ddetween two forms of
liquia  water that are in  chemical
equilibriun. In laboratory experiments the
technique produces results that ueet the
accuracy requirenents for operational
applications; whether laboratory results can
pe dchieved 1in the natural environment s
now the question. Other research uses
satellite data to study the processes that
control cogstal variability and the
radiative transfer of infrared eneryy from
coastal waters throuyh the clear-sky
atmosphere. Surveillance maintained of the
Gulf of Mexico Florida Coast during the
winter of 1973 disclosed a previously
unobserved orderly progression of changes in
“he horizontal and vertical temperature
vatterns of coastal waters. Currents can be
distinguished by the temperature gradients
at their boundaries and velocities can be
derived if singular  features  exhibit
sufficient contrast for tracking on
successive imnajes. The task of building

new, refined information extraction
capabilities is a major objective of remote
sensing technology developient.

The Ocean Science Proyram does not
generally distinguish petween the
requirenents uof  awphipious dand  special
warfare forces 1in the majority of 1ts
codastal area research, since $9 many basic
infuriidtion needs dre the same. Differences
ewerge with the application. The Tactical
Beach Profiler 1s a case in point. Designed
for covert Dpeacih reconndissance 0y special
warfare experts, its purpose is to acquire 4
critical winimum of essential nforimation
prior to awpninious assault.

In another special warfare developrient,
scientists have learned that porpoises,
nlindfulded with soft rubber suction cups,
can distinguish differences in the surface
texture, composition and shape of objects by
echo-ranging alone, an accomplishment beyond
the present capability of conventional
ndn-made sonar systems, Through study of
this ability to "“see with sound," it wmay bde
possible to develop a diver sonar that will
be superior Lo existing systeus.,
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WITH THE TACTICAL BEACH PROFILER, a Navy diver can medsure the profile of an alien
beacn on a agnetic tape which, when later played through an X-Y recorder, produces d
depth versus distance representation of the topoyraphy.
can oe obtdined with the instrument from
of fshure.

Profiles ot secure beaches
shore Dy carrying the pressure sensor
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BEACH RECUNAATSSANCE

Mapping vottun features 1In the benthic
zone dand deterwining beach composition to
assess trafticability wusing remote sensiny
technoloyy dare capabilities beiny pursued to
yield vetter veach reconnaissance
information. The spectral reflectance of
beacn samples correlates well with such
properties as composition, noisture content,
and Jrain size. Most of this work is at
present still accomplished in the laboratory
and  culninates in  the develoypient  of
trafficavpility/nmodility alyorithns for
reqotely sensed datd.

A remnote sensiny systein desiyned
specitically for tactical Jeach
reconnaissdnce conpines passive

auttispectral scanner  dnd  active  laser
tecnniyues. The scanner Jdacyuires several
Luages I narrow spectral  bands. These
filages 3Jepict the underwater topoyraphy in
various shades of yray depending un  the
deptn of penetration of light dat different
wavelanjths, the opticdl characteristics of
wdter, and the bottow reflectivity. Since
tne ueptnh leasurewent is relative, however,
a pulsed laser 1is wused simultaneously to
provide adsolute wmeasurenents of tepth alony
the avrcraft pauh. The effects of water
quality and vottuwm reflectivity can be
laryely removed by ratizing two or nwore of
the spectrdal  images and  applying 4 new
tulti-cnannel botton classification
algorithin The resultant i.aages dare then
calibrated by tne laser data to produce
underwater contour @aps. This system would
be tlown at about 300U feet under norual
operating conditions, out coula operate fron
niyner altitudes 1if there were no cloud
inteference.

BLACH INFURAATIUN SYSTEA

A rajor ailestune hdas oeen achieved witn
addition of a beacn Inforiation cataloy to
the Navy's computerized planning date banks.
JVALS, or dniversity of Virginia Inforuation
systen  (fur its designers), not mly
includes a suwaary of observed data, but can
alsu e gueried for predicted values of
certdain  paraveters. Now  on-line 4t Lhe
Uavid w. Taylor wdaval Snip  Resedrch and
Develop.ent Center, the systeil uses Lhe Ship

Analysis and Retrieval Proygran, SHAR:, which
allows on- and off-line maintenance. The
current inventory contains ddatya on
Cdaribbean, Canadian, and U.S. areas.
Developuaent 1s continuing with the addition
of new representative areas ant  odel
Tnprovenents.

SPLCTAL WARFARE

Special warfare involves unusual types
of naval operations such as penetrating and
Jestroying the eneuay's coastal lefenses,
planting or retrieving intelligence
gdathering devices, dand conducting bheach
reconnaissance, Many of these operations
are covert and dre perforied oy specially
trained divers and other personnel. Such
Jperations almost without exception take
place in the coastal zone, [n southeast
Asia, riverine interdiction (the prevention
of enemy rmovements on inland waterwdys) wds
a new Navy responsinility in Special darfare
aperations., Coastal characteristics that
thireaten danphiogious d4ssaults dre sinilarly
important to Special Warfare activities; in
fact, the effects are often heightened, more
severe, Currents and turbulence in the
water present difficulties for swiers and
divers; turdidity reduces visipility and
Jdeyrades underwdter photoyraphs; if heavy,
it can cloy sensors or other devices and
even  iipede  obility. Adater Jepth 1s a
factor in tne safety of swiiiers 2xposed to
unaerwater explosions. Temperature not only
affects thne ability to work underwater but
strony temperature yradients can enhance the
danaging effects of explosions on swicniers.

Conversely, soine of these Sane
conditions favor Special Wdarfare activities.
surf n0ise can aask movement on or dcross
beaches. Turbidity adds a safety factor to
underwdater activity by Tapalring 1ts
detection oy optical means; acoustic
detection 1s deygraded oy dnbient noise and
teaperdture or salinity gradients. [features
of the bottou tapography, 1f known, can be
used to shield, cover, or disquise an-aade
duvices,
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CHAPTER 4
SUPPORT

Tne Navy performs a host of activities for carrier strike forces-~forecasting

to provide across~the-poard support to qnodels cannot treat each in a vacuum, hut
operations and forces afloat, many requiring must consider the interrelated whole. Thus
supstantial inputs from the ocean sciences: the emphasis on air-sea interaction
environdental forecasting, mappinyg and ilechanisms and long tera oceani¢ contrgls on
charting, search and rescue, salvage, iarine climate that characterize major proyrans
construction and environimental protection. like NORPAX and POLYMODE (see Chapter €).
The Ocean Science Program sponsors or Comnon-purpose elements of forecasting are
contrioutes to research and developinent Jata gathering networks, comguter
associated with tnese activities, usually as operations, comnunications, education and
separately identified programs, but training, and lost important  to  fcean
occasivonally as  secondary objectives of Science Progran objectives, the translation
eftort directed to other warfare of researcn results into usablz operational
regquireients, tools that supply quick responses to
gquestions bdearing on tactical decisions.

CWIRUNMENTAL FURECASTING “ost (Ocean Science Progratd support to
environiental forecasting is at the

The idavy reyquires the forecasting of the Exploratory and Advanced Devalopuent levels
total iarine eavironnent, While prinary and involves models and algorithis  that
paraieters of interest vary with the axpress complicated theoretical
particular application--sound velocity relationships in terins that naval

structure for ASW, sea and surf for aperational personnel can use Jdirectly.
ampnisious operations, wind and visibility

TIME SPANS FOR PREDICTION OF
THE NAVY'S NATURAL OPERATING ENVIRONMENT
LONG RANGE PLANNING
be——racnca ——+—com~u~o AND CONTROL —+‘DESIGN AND DEVELOPMENT .
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THE  INTEGRATED COMMAND ASW PREDICTION SYSTEM (ICAPS) IS AN ON-SCENE ACOUSTIC
PREDICTION SYSTEM CURRENTLY INSTALLED ON SEVERAL CARRIERS AND AT ASW CONTROL CENT:KS ‘
JF  MAJUR  COMMANDS. ICAPS MERGES ENVIRONMENTAL FACTORS AND EQUIPMENT PARAMET o T(
ESTIMATE THE IN SITU CAPABILITY OF ASW DETECTION SYSTEMS. PROPAGATIUN 19SS [uGLTHER
WITH NOISE DETERMINE THE PROBABILITY OF DETECTION AT VARIOUS RANGES; THIS IN TURN
INFLUENCES SELECTION OF THE TACTIC(S) MOST ADVANTAGEOQUS IN A GIVEN SITUATION. ONL of
THE TACTICAL PROGRAMS UTILIZED IS TASDA (TACTICAL ASW DECISION AID) WHITH wIMPUTES
UPTIMUM PLACEMENT OF A SONOBUOY FIELD IN TERMS OF DETECTION PROBABILITY, MEAN HOLUING
TIAE, NUMBER OF BUOYS, ETC., ANOTHER IS TAPS (TOWED ARRAY PREDICTION 5YSTEM) wWHICH
DISPLAYS PROBABILITY OF DETECTION WITH RANGE FOR VARIOUS NOISE LEVELS AND TOW DL@THS.
ALL UF THE TACTICAL PROBLEMS CAN BE WORKED FROM EITHER END. TASDA WAS DEVELOPLD BY
NADC FOR AIR ASW, TAPS FOR SURFACE UNITS BY AN ONR CONTRACTOR. ICAPS' LNVIRONMENTAL
FILES ARE 8ASED ON A SUITE OF OCEANOGRAPHIC MODELS AND CLIMATOLOGICAL STATISTICS
DLSIGNED ANO ASSEMBLED BY NAVOCEANO.

The difficulty of providing real-time and many special  purposcs;  e.4., SHi1p
answers to ASW tactical problems of sensor routing, ASW predictions, sedrch and rescue,
depth and searrh pattern is a basis for the salvage, and pollution dispersal. Wave
at-sea Acoustic Perforinance (APP) Prediction forecasts have been gredatly improved in the
Program, wnich combines gperational last decade through developrent of
parameters of specific detection equipment directional spectral wodels  that  pernit
in a Task Force with local environinental determinations of total energy in a given
variables (existing or forecasted) in a wave field, rather than  gpproxindtions
suitable acoustic performance nodel to give derived from wave height and veriod values
probabilities of detection for various that are considered statistically
combinations of deployments. representative. Continuing  progress is

Computer models are emnployed at the being made to apply prediction model spectrd
Fleet Numerical wWeather Central to forecast to real-time problesns and to expand  the
sea conditions for general operational use forecasting area. An insufficient density

of observations, rather than inadeguate
models, is now the chief obstacle to

attaining worldwide coverage.




Current developientadl efforts are
relying on satellites to fill the data void.
sensors, data validation, and translation
techniques dare being investigated so that
these expectations can be realized. The
Jgreater density and accelerated data
collection rates  suggested by current
satellite tecnnology should enhance the
robability of improving the forecasting
models as well.,  Though vastly superior to
predecessor models, the need for even more
dccurate forecasts is surfacing as the Navy
develops smaller and faster ships and
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paraneters dt remote locations, Eauipped
with on-demand telemnetry, it is a
potentially excellent data source for

improving short range ice forecasts.
AAPPINu AND CHARTING

science support of hydrographic
functions includes improved
technigyues for obtaining coastal and deep
ocean bathiynetry and development. of
algorithus for deep sea survey design, which
balances line spacing against the error
nnerent in a specified level of accuracy.

seach dand nedrshore topography--coastal
configuration, beach yradient, presence of
vars and reefs--deterinine navigability of
landing craft and ability to land. When
these  topoyraphic conditions are known,
present technigues of surf prediction can be
used to show which parts of a section of
coast will have .he lightest surf under any
given conditions of sea and swell, making it
possiole to plan military operations well in
advance alony with options suitable to the
nost probaocle conditions.

Coastal nydrograpnic surveys--with
measurenents obtained in  tlosely-spaced
4rids precisely positioned frow shore-based
navigational stations--dre the optimum way
of acquiring nearshore data. The iaval
Ucedancyraphic Office conducts continuing
proyram  of such surveys for the Defense
Mappinyg  Agency. Using acoustic echo
soundinyg  equipment, small launches run
survey lines close to shore while a large
nother ship sounds the area farther out.
The process is very time consuming: tracks

Ucean
survey

must e tiyhtly spaced so as not to miss
swall, potentially hazardous features and
the launches wust go slowly enouyh to avoid

damage fromn such features or floating debris
S0 common in coastal waters. This kind of
operdation is pussiole only where friendly
yovernaents concrol the beaches.

To expedite the survey process and
2liminate tne need for launches in the
shallowest water, a remote sensing system,

HALS (Hydrographic Airborne Laser Sounder),
15 beiny devaloped. HALS is an all active
system that employs d neon laser transmitter
and receiver and includes vertical
orientation and electronic positioning to
yield precisely fixed soundings in water
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THE LASER BOTTO4 PROFILER SIGNAL AT THE
AIRBORNE RECEIVER CONSISTS UF THE SURFACE
REFLECTED PULSE (SMEARED BY RETURNS OFF
BIOLOGICAL SCATTELRERS OR SUSPENDED SEDIMENT
IN THE WATER) FOLLOWED BY A S#ALL BYT
DISTINCT PEAK  THAT DENOTES THE  3BCTTOM,
WATER DEPTH IS INFERRED FROY THL TIME LAPSE
BETWEEN THE SURFACE AND BOTTOM RETURNS.

depths of twenty meters or wmore. The syster
will be mounted in Navy helicopters that are

carried ornboard the hydrographic survey
ships for logistical support of survey
ground Crews. Although intended prinarily
as a navigational survey system, HALS has
potential for beach reconnaissance as well.
Digital cartography based on econonic grids
and computer econorty that gllow guick

derivation of various maps and rapid answers
to other mapping problems 1is a pronising
future capability now being developed.
MARINE FACI. (S CONSTRUCTION

A substantial share of the research on
coastal processes supports engineering
requirements for facilities construction and
maintenance. Longshore currents, seditent




transport, peach erosion, surf
characteristics and bottom properties
influence the stability of structures and
determine where they should--or should not--
be placed. Designs for deep and shallow
water mours and anchoring systems depend on
bottom currents and seabed properties.
Related to such considerations of marine
engineering but not part of the Ocean
Science Program directly, is research and
aevelopment on structural components and
techniques to overcome inevitable adverse
environnental effects. The Civil
Enygineering  Laboratory (CEL) at  Port
Hueneme, California, under  the Naval
Facilities Engineering Systems Command, is
the Navy's principal research and
development activity concerned with these
problens.,

In a relatively new line of
investigation, coastal oceanographers are
determining the importance of surf beat in
nearshore dynamics. Surf beat is a low
frequency surg3ing motion generally present
in the very shallow waters of the surf zone.
Under certain compinations of beach slope
and wdave set, resonances of considerable
eneryy are generated. Laboratory test tank
studies and a recent field experiment are
looking at this problem,

The vulnerability of structural
materials to chemical constituents of the
oceans, the degradation or destruction
caused by its biological inhabitants

(biodeterioration), and methods of
countering these effects are also
engineering problens that the Ocean Science
Program is helping to solve. Research on
boring and fouling organisms--habitats,
life-cycles, and various physiological
properties--is being perforimed by biological
oceanographers in order to develop effective
controls. Natural nonpolluting methods are
being stressed.

New and conclusive evidence on the high
rates of wood borer attack in the deep ocean
is a surprising result of this research;
until recently deen ucean henthic
nopulations were believed relatively benign.
These borers attack a wide varicty of
substrates including plastics dnd synthetic
Tines.

Successful control studies are highly
dependent on the ability to follow marine
borers through their entire life cvcles in
the laboratory, a feat now possible tor
several critical species. Bacterial and
fungal slime  films  that precondition
surfaces for borer and fouling organisnm
colonization have been identified.
Cellulase enzymes from the fungi markedly
alter initial rates of borer attack. Aiong
several nan-toxic, naturally  occurring
compounds found to inhibit the formation of
these slimes, tannins appear to be
especially effective, reaucing attack by
borers and fouling organisms alike.

WOOD BORERS Al
WORK - PLER
STRUCTURL
WEAKENED T POINT
OF COLLAPSE.




An underwater  cutting tool deing
devaloped for general ocean technoloyy
support nas applications for both underwater
construction and salvaye operations.
Lfficiency nas now reached 90 inches/hour in
174" aluninum plate. The technigue emnployed

1S 4 cavitating water get which has
negligiole reaction force and wno torque,
poth of which limit cutting and drilling
operations under wdter,
ENVIRUNMENTAL PRITECTION

A&  maJor  objective of  the Navy's

environental protection proyram is to qgain
better understanding of the effects of naval
vuerdtions on inshore and nearshore
environients and ecosystens. Sites of heavy
Fleet concentration--Norfolk, San Oieyo, and
Pearl Harvor, for e«ample--are of special
conceri,

Tne crux of protecting the
2nvironient  is  having a 9Haseline
wiaich to evaluate the effects of changes.
since life in the Jgean, which is the real
concern, 1s inextricaoly linked with the
Supply of ouryanic nutrients anc the bdalance
of inoryanic cheaical constituents of the
water, it s laportant to Know «~hat organic
and  inorganic  properties are  “normally"
Jresent and in what proportions. The ocean
cdn assiwilate a certain ievel of pollution,

oceanic
djainst

out now wdch 1s too wmuch?  What is the rate
of decontanination? dow quickly c¢an a
population aepleted by toxic additives or
Jdredginyg operations restore itself? How to
control  1q0xious, dangerous, or damaging
DL Adn inhabitants without creating a
diftereat, perhaps worse, foram of danger or
Tdiiage? These kinds of questions drive
oCedn  science  support  of  a2nviroanmental

prutection ogvjectives and have h2lped kindle
vlgorous support for aarine chemistry.

In fact, no acean science field has been
wore  pronouncedly 1npacted by the interest
n o enviromaentdl  quality  than  chenical
JCeano yraphy especially the anclytical
branch, For any yedrs dn  adjunct to
wiglogical, gyeolnygical and physical
oceanoyrapny, chemical oceanoygraphy now has
Independent  stature, comaanding significant
resources  ty  aeet  well defined research
Jouals,

NOSC

The availability of ainicoguters
MmiCcroprocessors has helped; addet )
chemical sensors, clever instruiient; :.w
caliorate themselves, collect samples, atf
reagents, mix and shake, dtonize, reod
results and process data. Continunus an:
real-time neasurements of che 11y’
constituents of sea water show the sy
marked variability as physical  properties

display, pointing up the fallazy of druwing

conclusions ahout concentrations 11d
dispersion rates of contaninants try
conventional single samples.
FLOW-THROUGH SYSTEIM DEVELOPED AT NOSC PR
AUTOMATED  SAMPLING  AND  ANALYSTS  F IRAUL
METALS IN SEAWATER.
AT MY AT N7 (%4
<80 4s 1) -
[
e
[ 213
FLUCTUATIONS OF Zn CONGCENTRATION 4174 TlowL
PERIO) IN SAN D1LGY  BAY. AT A T
IENOTE HIGH AND Low TIDES Froi T4b 1074 1)

THL 14TH OF JUNE.




une of the sinart new chemcal resedrch etture B o W
instrunents S ant  dutdmated trace metal new technigues Y ang g T
analyzer Jeveloped Dby the Naval Jcean Jbjecttve af thoy wtr o e
systems Center. The analyzer, which can be respectlve role :
used 1n place our underwdy, employs dan constituenty o e o e
electrochemical techniyue callea anodic that deler “ne 0 ' reg oyt Tt
stripping voltamietry (ASV) to ntedsure Zinc chardcter ¢ the -y, Tt o
(In), copper (Cu), lead (Pb) and cadium A1SCOVErIng g e oaatra S e - .
{Ca). The etals are amalyamated at constituents,  "he el 0 v . :
constant potgntial with a thin mercury film be determined. S Lt TNk e, e e
plated insidé a graphite tube. After beiny place . re RSO TORIELN T w ! S
concentrated in the film for a few ninutes, phenomena 11 the sSeq, .+ W "'
the applied potential is decreased. The sediment -sea excndiges, 1 T
etals are rapidly released, the dirffusion 1nOrganic reactlons Trat oy Lt
out Of the film causing 4 series of current composition of the wa'er.
pedks to dppedr an 4 strip chdrt recorder. Studres ut  ralrogct v St

Many known constituents of industrial form of  pollution fHave e e
pollutants were not analyzed 1n sea water as known decay rates a2t  ine 0 e
a ratter of course until recently. A robust indicatars of  circalaton 3

vertical mixing nedr the sea®l  .r.

SHIPBOARD SCIENTIST HANDLING RADIOACTIVE MATERIALS FUR ANALYSIS.
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e aredness and technoloygical progress,  n
1 re  Nu dnitdarign  vein,  the  Ndvy nas
radrUranally  dsststel an saving  lives 4t
sea=-whethnes on or beneath the sartdace,

Cedn  sctentists contribute tou  eeting
"hese resgponsiorlities vy developing wodels
TLooesltigte the dritt of  hife rdafts  or

Iotsdn 09 Tne surtaCe and probable rdadir ot
Jebris oon tne bottow, based on knowledye of
winds oand  currents. Mrborne  sedrc¢h
pat erns depend heavily on wave conditions.

mderwaler camerds, bottom scanners, and
side looking sondrs dre used extensively in
sedrett and  recovery, dnd new developments
arecuntinudlly In o progress. Underwater
touls dre peing developed to vreak up larye
wojects  for recovery; diver efficiency is
peinyg 1nproved,; adanned dand unindnned recovery
venicles, dand  positioning systems  that
yrPuill exact  relocation  are  in various
stujes of developuent.

Awionj the wost engaying of the retrieval
systeqis  is  the U.S. Navy ASROC Recovery
Antagl  force, the Quick Find Unit, attached
tu Inshore Undersea wWarfare Group Ot at the
Amphibious Base in San Diagu, Calitornia.
These dre the sea lions trained to aid in
the recovery of test-fired weapons. ASROC'S
(antisuomarine rockets) are fired
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which dre disproportiongte’, oo vrmgve g
difficult to transpor ., —r divers, wha dre
depth- and time-limited. Also, when wurk ing
on the seafloor, ted:n ot Jivers cus' e
used, and nedical cor;swaen and decoipression
chambers kept handy tur an peration that
sometimes took as much as three Jdays.,
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Tne systen ases a tlying spot scanner and an
argon lon laser lignt source, and provides
optical  pictures of the seafloor frow g
120-fuot height with a 400-foot swath width,
ROMS cun pe towed at speeds frowm zero to 5
anots,  Jther potential uses include close
ramnje classification and inspection,
estension of vision to remote undersea work
systems, and salvage operations.

Salvaging very ldrge objects from depths
beyoand  the reach of divers poses major
Jradlens,  The Large Ubject Salvdye Syste:
VLIS, developed by  the Naval Coastal
Systens  Lenter, uprovides  the  Ndavy  dn
Vieraved capability recover large objects
noJdeptns te o0 fee . The objects can have
41y shape and  dv s, lacementl, can weigh as
woh a5 3000 tons, @ weight range that
1l ades sJabldrines and subaersidles,
sartace  snips, nissiles, and aircraft.
eerationgl Jgemonstration of tne system nas
oeen successfully completed.

LJd> Consists  of  large  pontouns  with
ri;1a shells that are remotely controlled
tnrosgh an gabilical cable, and 4 Pontoon
saplacenent Jehicle (PIV) that "flies" thne
Jontouns  down to the exact location of the
udject to Dbe recovered, Unce down, the
pantouns <an be adjusted to fit the object
oeiny recovered by means of adjustable arms,
fitted with autowatic grappling or explosive
stud  dttachaents, which rigidly attach the
suntoon  to the sunken ubject, Unce the
puntoons dre dttached, gas or air is used to
torce wdater out of the pontoons and provide
tne necessdry lifting power to bring the
hiect  to the  surfdce in a controlled
1uoent, Jpon  reaching the surface the
control umbilical 1s disconnected and the
entire 3sseinly 15 towed to port.

in snhallow water, where the PIV is not
needed, the pontouns cdan be lowered directly
frons the sdlvage ship dnd attached to the
uaect. All controls of the pontoons and
Mivooare  execuailed  fron the salvage ship
‘nroagn contr) undilicals.

sauydnCy  generation  for  the  LUSS s
wravided by  the  self-contained  liquid
ntroygen  systen (L) or dir, The LNy 1s
sture:d  1n cryogenic  dewdars, and  hedt s
extracted froo the ocean to vaporize the LN»
o provide  dJewdatering  qds. The entire
pyontoon  systewt is operdated at  depth near
201ent  gressure, elinindting the need for
Nedvy pressure nalls,
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Controlling the 1ift of a system is a
major  proolem in  salvage operations,
particularly at great depth. An overbuoyant
condition 1is required to break an object
free of the Dbottom. When the Dbreakout
occurs, however, conventional systems <start
a4 rapid, uncontrolled dscent to the surface,
which usually spells disaster for the
salvage attempt.

The LOSS pontoons have a 100-ton Tift
capability per pontoun and use a rigid shell
to control the awount of gas and water 1o
maintain - constant  buoyancy and  thereby
eliminate “uncontrolled ascent. The systen
uses ballast c¢hain as anchors, As the
object/pontoons rise, thney lift links of <he
anchor c¢hain off the bottom wuntil the
suspended  c¢iain  compensates for the 1ift
forces of the overall systen and neutral
buoyancy 1s achieved. The LOSS pontoons ani
object 4are then brought to the surface by
pdying out cable attached to the anchor
thain which retains control of the 1ifl,

OTHER
Technoloyy advancerent n coriuter
science, reviote sensing, deep acean

J00rings, underwater photography and
navigation support almost every area of
acean science research. The quality of
underwater photographs today 1is approaching
an art form, The detail and scope of
coverayge opbtainaonle permit very fine
analyses of the ocean floor that are
providing new 1nsight into dynamic processas
and theoretical concepts of seatloor
formation and selinent distributions.
Accurate navigation 1is essential to u
rapidly ygrowing proportion of research at
sea., Electromagnetic positioning first gave
us accuracies of less than a mile in limited

areas by means of Lordn A nets, These
characteristically were of lintted use a few
hundred aites off  coasts along  which
transmitting stations were operated. In a
favoranle  place in a Loran A area

navigational accuracy exceeded one mile.
Loran C extended the drea over which M
navigation could be used, but essentially
worldwide navigdation to the order of 4 mile
or better cave only with the advent of
TRANSIT, a systead Of satellites fronm whose
signals pnsitrons ot receivers could be had
roughly every 1.5 hours. TRANSIT made 4

i
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W ur Laerovedsient  nooscientific naviyation,
Dyl or scuracy, sdy, tu the wurder of
erers epven less than 1 neter is needed
tor ¢ 1ticant number of Navy research
Jrojen . These needs will pe fillea 1n
sart by . USTAR, @ system of  satellite

traias.ntlers capable of nigher accuracy than
TRANSIT.

The Navy has long oeen aware of dcoustic
2dNS of achieving highly accurate
positioning Dy eaploying the transmittal of
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PROLRNATTONAL WA Loleal

'

Tne Jeean SoienCe Proygndit enes G e
toe ensgct of Targe multitiecint ooy
Tragra s by Clavy Laboratory/oontractor
ColiserTIums or in conlunction with other
Yational or International organizations. It
is only by combining resources and expe:!ise
that some large-scele problems can be
attacked at all.  T"he benefits of these
nrodrams to the acean sciences are

enarmous:  large Jdata bases of many
different variabtles measured concurrently

in space and time, advanced technology for
mstruments and other potential Naval
sardware, and increased knowledge and under-
standing of complex oceanoqraphic/
metenroloaical phenomena which are

smaortant to the Navy's  environmental
prediction requirements.  The prosras
daccerbes in this chapter are representative
or tne national and international cooper-
ation that the Navy {cean Science Prograi
sponsors or contributes to in a supporting
role.

‘mited States Climate Program Plan USCPP)

Tne U, S, (limate Program Plan (USCPP)
15 designed to enable the nation to respond
effectively to climare-induced problems by
anticipating climatic fluctuations in domes-
tic, naticnal security, and international
contexts, and to identify man's impact and
satential influence on reqgional and global
clinate, The plan is a quide and reference
©n developing a National Climate Program for
P:-feral agencies involved in various aspects
ot ¢limate and weather research and services.

The Department of Defense (D0D) Climate
Program Plan that responds to the USCPP fo-
cuses first on integrating observations in
<pace, atmosphere, cryosphere, ocean and the
terrestrial area into timely analytical data
sets for an extended forecasting base.

Since large-scale oceanic processes
play a fundamental role in controlling
clicatic fluctuations, climate research and
technology require the expertise of oceanic

b g S~

COURERATIVE PROGRAMS

W boAaL atecspheric Sorentists, frrvee.
ertl o Lo 40311y to predict the o1ciate
1ounlve my Letter understanding of atme-
sphieric interactions with oceanic heating
ared conling patteres and of the differences
irotnhese pattesns, vow and in the future.

The havy Oceanagraphic Tragrar tas @
major investment in oceanograrhy ant iina-
tology, particularly in ocean forecasting,
environmental impact assessment, and ocean
data callection. The Fleet Numerical Ocean-
ography Center (FNOC) analyzes distributionc
of weather variables and prepares synoutic
aralyses of wave heights and sea surface
temperatures based on ship and satellite
data every day. FNOC has the capability ot
model simulation for environmental fgrecast-
ing and impact assessment as well as for
fynamic data bace qeneration ant areration.

Major research programs relevant to
climate protlems and funded at least par-
tially by the Office cof Naval Research ((ih2)
include the North Pacific fxperiment ragrarm,
NORPAX; Indian (Ocean Experiment, Ih0f+;
Joint Air-Sea Interaction Proiect, JASIN;
ind POLYMOGDE, all of which are descrived in
this chapter. Such lavy research activities,
performed as an integral component of the
national security mission, complement and
support a National {limate Proaram.

International Decade of Ocean [xploration
(1001

The International Decade of Ocean {»plor-
ation (IDOEY was an international cooper-
ative program with the overall obiective of
promoting oceanographic rescarch etforts that
would contribute to better understanding,
preservation, and utilization of the qlobal
ocean for the benefit of all mankind. [DOF
projects were structured to meet program
qoals in four maijor prohlem areas: envivon-
mental quality, environmental forecasting,
seabed assessment . and living resources.
beveloping a world monitoring system,
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improving worldwide data exchange, and in-
creasing opportunities for international
sharing of responsibilities and costs for
ocean exploration were correlative goals.
In the United States, the IDOt was planned,
managed and funded by the National Science
Foundation (NSF), which promoted substantial
interactions with other U. S. agencies, in-
cluding the Navy. Several of the large
wmultidisciplinary projects supported by the
“Wfice of Naval Research over the past sev-
eral years have been joint enterprises with
NSEO(TDOE) and are described below.

1ARP Global Weather Experiment (GWE)

The Global Atmospheric Research Program
v3ARP ), Jointly sponsored by the World
Meteorological Organization (WMO)} and the
International Council of Scientific Unions
«1CSU) through adopted resolutions of the
fieneral Assembly of the United Nations, is
an International program utilizing the newly
energing capability of space-based observing
techniques in meteorology to imprcve weather
forecasting worldwide. GARP's basic goal is
to understand the factors and processes that
control weather fluctuations. Lack of global
data has been a major obstacle to further
progress in predictine large-scale motion of
the atmosphere and long range weather fore-
castino,

GARP is comprised of five research and/
or observational programs: numerical experi-
mentation, global, tropical, air-surface
interaction, and radiation programs. The
global program receives input from all other
GARP units and is designed to assemble a com-
plete data set appropriate for study of
large-scale motion of the atmosphere for
periods of one day to a season.

The GARP Global Weather Experiment (GWE),
also called the First GARP Global Experiment
(FGHE), is the main observational part of the
program, tejun in 1977, GWC is # “art tu

measure the Targe-scale state and * of
tae entire atmosphere over a period o
approximately one year with two one-month
periods of intensified observations.

Another GWE objective is to develny
methods ‘or assimilating, processing, ani
disseminating the observational ddatd in
near-real time. The GWL Data Management
Plan includes a network of worldwide,
regional and special data centers. As jart
of the '}. S. contribution, the Fleet
famerical Gceanonraphy Center (FNOC) has
been desiqnated the Specialized Oceano-
qraphic Data Center (SODC). As SODC, FHNOC
assumes the responsibilities of GWE Level
I1-b (filobal Lxperiment Research flata Set)
oceanographic data management.

The GWE may be the Targest concerted
international scientific ef-rrt ever
attempted . The detailed planning and
coordination of all programs involved and
prospects of accomplishing GARP goals
have stimulated activities in more than a
dozen countries.

The North Pacific Experiment (NOPPAX)

The Nnrtn Facific Experiment (NORPAX).
now in its ninth year, has as its objective
to analyze and understand the interactions
between ocean and atmosphere on space scales
of weeks to years, with the aim of learning
more about the causes of low frequency
fluctuations of the ocean-atmosphere system,
Emphasis is placed on the role of the upper
ocean, and research is conducted chiefly on
phenomena of the Pacific Ocean. A better
understanding of the dynarmics of ocean-
atmosphere interacticns on these scales
should eventually lead to improved Tong
range weather and ciimate predictions for
the Northeast Pacific fcean and North
America.




Prior to 1971 the Office of Naval
Research was the sole source of support for
NORPAX; subsequently, by formal interagency
agreements, NORPAX has undergone an
expansion of effort under joint sponsorship
with KSE {IDOE). At the rresent time

there are about thirty co-principal investi-

gotors at fifteen academic institutions and

government laboratories here and abroad engaged

in NORPAX. Although the main sources
of support are ONR and NSF (IDOE), some
individual NORPAX investigators are
subsidized by other Navy sponsors, NASA,
and NOAA. Participants from Germany,
France, England and Japan are supported
mostly by their own governments.

Management of NORPAX resides with the
co-principal investigators, who annually
elect representatives to an executive

committee which oversees the entire program,

formulates plans and policy, coordinates
various activities, and represents NORPAX
to the sponsoring agencies and the outside
scientific community. Members of the
executive committee select a chairman who
is assisted by the program administrator.

Most of the NORPAX activities can be
subdivided into three general groups: the
Anomaly Dynamics Study (ADS), the
Equatorial Nynamics Study (EDS), and the
Atmospheric Climate Study (ACS).

The Anomaly Dynamics Study focuses on
the several processes responsible for the
development of large-scale, near-surface,
thermal anomalies. Navy support is
primarily directed to this study because
of its application to underwater sound
propagation. To test various hypotheses
about these processes,a major field
experiment is underway in the central
mid-latitude North Pacific. Planned for a
minimum of five years (1976-1981), the
experiment consists of the measurement of
surface currents using satellite tracked
drifting buoys, measurement of the ocean
thermal structure to the 500 meter depth
using expendable bathythermographs from
ships and aircraft, measurement of the

density field over limited time and space
intervals, calibration of the wind stress
fields used by FNOC for forecasting, and
the computation of surface heat fluxes
from standard ships' weather reports.

The ADS treats oceanic phenomena too
large and long lasting to be studied by
classical observational techniques.
Research vessels, for example, cannot cover
broad areas in all seasons for the years
necessary to adequately characterize the
development of anomalies. A particularly
successful data collection program
implemented for the ADS has been TRANSPAC,
which utilizes ships-of-opportunity to
obtain about 500 XBT observations per month
along the trade routes from the U.S. to
Japan. Half of these ships are of Japanese
registration. In addition to serving the
scientific needs of ADS, TRANSPAC provides
over 50" of the synoptic XBT data radioed
into the FNOC from the Pacific region. A
TRANSPAC extension into the equatorial
Pacific between 2005 - 200N (called
EQUAPAC) involving French scientists from
the Office de la Recherche Scientifiaue
et Technique Outremer (ORSTOM) in New
Caledonia is also operative.

The NORPAX Equatorial Dynamics Study
(EDS: focuses on the banded east-west
current system that exists in the low-
latitude Pacific. Immediate goals are to
describe the space and time variability of
the currents and to establish the design for
a relatively inexpensive observational
system for monitoring long-term interannual
fluctuations. A major field experiment,

coinciding with the period of the GARP

World Weather Experiment, is now in progress.

Although the EDS is primarily an NSF-funded
effort, the Navy is assisting with data
collection. For a previous experiment,
eight long range P-3 aircraft provided by
the Naval Reserve, NAVOCEANO and NOAA,
dropped AXBT's to obtain frequent tempera-
ture profile sections between Hawaii and

Tahiti. Similar assistance is being provided

for the current experiment.




A third component of NORPAX, the
Atmospheric Climate Study (ACS), is designed
to investigate ocean/atmosphere interaction

on climatic time scales. Scientists working
in this area use large historical data

bases to develop statistical/phenomeno-
logical models of the response of the
atmospheric circulation to sea surface
temperature anomalies. Using these
techniques NORPAX scientists were able to
forecast the general patterns of surface
temperatures in the U.S, during the winters
of 1976-77 and 1977-78.

NORPAX has already demonstrated some
of the potential benefits to be derived for
terrestrial and marine weather forecasting.
Though the research objectives are funda-
mental in nature, the scientific philosophy
of the program has been pragmatic,
emphasizing quantitative results, and pacing
experimentation with data processing,
analysis, modeling and evaluation.

POLYMODE

POLYMODE is an international cooperative
investigation of low frequency, medium-scale
motions in the sea. The program focuses on
the statistics and dynamics of mesoscale
eddies, which, since the early 1970's have
been recognized as a dominant factor in the
medium frequancy processes in the ocean.
Little is understood, however, about the
role of eddies in the large-scale oceanic
circulation or their possible influence on
underwater acoustics applications, meteoro-
logical phenomena, marine biology, and the
distribution of chemical and physical
properties in the sea.

POLYMODE participants are the U.S.,
U.S.S.R., U.K., France and West Germany
(F.R.G.}). The U.S./U.S.S.R. activities are
coordinated under a bilateral agreement
administered by NOAA; the Canadian and
European work is coordinated through UNESCQ/
International Oceanographic Commission's
Scientific Committee on Oceanographic
Research (SCOR). U.S. efforts are funded
by ONR and NSF (IDOE)}. Initial publication
of results is expected in 1980.
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POLYMODE builds on two previous large-
scale, intensive eddy experiments conducted
in the 1970's. The POLYGON (USSR) and
MODE-1 (US/UK) programs studied and
documented the presence of mid-ocean
eddies and tentatively explored their
nature and importance. POLYMODE
experimentation began in 1975 and concluded
in 1979. The experimental program is
divided between statistical-geographical
exploration and local dynamics. These
areas are complementary, and were carried
out simultaneously with some overlap in
space.

The statistical-geographical work is
aimed toward determination of the
geographic occurrence and variability of
eddies in the North Atlantic Ocean. Arrays
of 6 to 12 moored stations were set by the
U.S. on either side of the Mid-Atlantic
Ridge and in the North Equatorial Current;
by the U.S.S.R. on the Hatteras Abyssal
Plain; by Canada in the Gulf Stream
Extension region; and by a U.K./France
F.R.G. group in the northeastern basir
the Atlantic. Each of these arrays we
in place for a year or more. The final
U.S. array was recovered in Oct .er 1979,

The local
to examine one
a shorter time

dynamics work was .‘esigneu
or more eddies closely for
in one location and  rovide
a guantitative assessment of the pro. :sses
involved and the dynamics of an :ddy. The
intensive experiment (Local Dynamics
Experiment) took place in May-July 1978 on
the Hatteras Abyssal Plain.

Theoretrical efforts in POLYMODE
included modeling eddy processes and
comparing the results with field
observations. A number of theoretical
and empirical modeling efforts are in
progress both within the U.S. and in
cooperation with the U.S.S.R. Exchange
and interpretation of poLYMODE data will
take place on several levels. All data
will eventually be archived in the World
Data Center.



Mixed Layer Experiment (MILE)

The Mixed Layer Experiment (MILE) was

a joint U.S.-Canadian investigation into
processes governing the structure of the
upper ocean, with the ultimate goal to
predict the state of the upper ocean for
any given set of atmospheric influences.
Particular attention was given to the
deepening of the well-mixed layer during
the passage of storms.

The observational phase of the
experiment took place about 600 miles west
of Vancouver Island in the vicinity of
Ocean Station P (500N, 145%) during the
tate summer of 1977. Three ships and 10
major experimental groups, supported by
ONR (lead agency), NAVOCEANO, NOAA, NSF,
Environment Canada, Canadian Coast Guard,
and Canadian Forces, worked together to
obtain detailed meteorological measuremnents
and spatial/temporal observations of
currents, temperature and salinity at
numerous depths with particular emphasis on
the upper 100 meters of the water column.

Most oceanic current models are two-
dimensional with a horizontally uniform
ocean assumed. Development of more
realistic models depends on understanding
how the three-dimensional near-surface
structure evolves under storm conditions.
For this, measurements of vertical wmwixing
processes as well as meteorological and
other oceanographic data are required.

MILE brought together a coordinated
experiment that was passible only because
of successful instrumentation developments
supported in previous years by the Ocean
Science Program. MILf was designed to
achieve the next level of understanding of
the mixed layer and to assist in establishing
a capability for calculating from external
parameters (surface fluxes) the future
state of the upper ocean in terms of mean
and statistical representations of currents,
temperature and salinity. Such a predictive
capability of upper ocean dynamics would have
valuable applications to supporting surveil-
lance and ASW systems,

Data analyses will be conducted over
the next several years with emphasis on
timely completion of the analyses and
dissemination of results to the scientific
community.

Joint Air-Sea Interaction Project (JASIN)

The Joint Air-Sea Interaction Project
(JASIN) was initiated by the United
Kingdom by a proposal of the Royal
Meteorological Society in 1966, and is
part of the Global Atmospheric Research
Program  (GARP). JASIN's objectives are
to observe and distinguish between the
physical processes causing mixing in the
atmospheric and oceanic boundary layers to
relate them to mean properties of the layers,
and to examine and quantify aspects of the
momentum and heat budgets in the atmospheric
and oceanic boundary layers as well as the
fluxes across and between them. Approxi-
mately half of the project is devoted to
meteorological observations and half to
oceanography, with many of the programs
strongly overlapping the disci;lines.
Although the meteorological aspects of
JASIN involve both large- and small-scale
processes, many of the oceanographic efforts
are on scales smaller than some tens of
kilometers in the horizontal, and time
scales less than a day. The goals and
methods overlap those of MILE, the
advantage of JASIN heing a greater con-
centration of ships, aircraft, and people
during a longer and larqger field experiment.

Field trials in 1970, 1972, and 1977
were devoted to preliminary exploration of
scientific and engineering aspects of the
intended major joint experiment, which
occurred in July-September 1978 northwest
of Scotland in an area bounded approximately
by 57-609N and 9-14%. The site was chosen
to maximize the chances for a sequence of
strong meteorological inputs to the upper
ocean, and the experiment was designed to
observe both the inputs and the oceanic
response to them. Meteornlogical ships and
buoys were stacioned at the corners of a
200 km-on-a-~1de triangle embhedded in a




larger area covered Lty oceanographic
moorings. Roving hydrographic ships
continuously surveyed the larger area, and
six to eight oceanographic ships maintained
work schedules in an intensive mooring zone
in the middle of the meteorological
triangle.

The Royal Society is the lead agency;
other participants are Australia, Canada,
Denmark, Ireland, F.R. Germany, Netherlands,
and the United States. Thc last four
countries provided ships and aircraft for
the observational programs. Eleven U. S.
laboratories representing private academic
institutions, NOAA and the Naval Postgradu-
ate School are involved. There is also
cther Navy scientific participation for
satellite sensor validation and imaging.
Major funding for the U. S. contribution is
provided by ONR and NSF.

A data meeting held in 1979 will be
followed by a science workshop in 1980,
probabiy in furope. Scientific results are
expected to appear in 1980-1981,

Indian Ocean Experiment (INDEX)

The Indian Ocean Experiment (INDEX) is
the oceanographic complement to the inter-
national meteorological Monsoon Experiment
(MONEX), both being parts of the First GARP
Global Experiment (FGGE). INDEX 1is exploring
the interactive role of the ocean with the
Indian summer monsoon, the strongest, large-
scale, long-period variable forcing that the
atmosphere exerts on the ocean. Preliminary
field work was begun in 1973, with especially
intense observations in 1975 and 1976, in
order to design the experimental program for
the FGGE period, 1979. The areas of princi-
pal interest during FGGE are the development
of the structure of the upper layers in the
Arabian Sea in advance of the monsoon; the
onset and structure of the Somali Current,
especially the various inflows and outflows;
the time and space variability of eddies off
East Africa and their relationship to other
circulation phenomena; and the vertical
distribution of current along the Equator in
the western Indian Ocean, particularly the
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zonal and temporal variation in the upper
thousand meters.

INDLX was designed as an JDOF project
and is peing supported in the "nited States
by NSF, GHR, AND NASA. Fforeign participants,
comprising research groups from the United
Kingdom, West Germany, Soviet Union, ltaly,
India, France and Australia, are supported
for the most part by their own governments.
Much local work is being accomplishea
through significant cooperative efforts with
Kenya and Somalia.

Data sources include satellite, ships-
of -opportunity, and military ships and air-
craft, including Indian naval vessels, in
addition to the research platforns of
several participating organizations.

Less than a decade ago, little was
known about the Indian Ocean beyond the
general autlines of the circulation <ysters,
The large data base ;rovided by INiEY eftorts
contributes not oniy to understanding the
dynamic processe<s in the air-ocean environ-
ment, but are highly supportive of anti-
submarine and environmental prediction in
this complex ocean aree wnere the lnited
States has growing economic and military
concerns.

FRAM (Arctic Research Prograrm)
The first ficid pnase of the Lrctic
research prograw FRAM | after Fridtiof

Nansen's notable Arctic research vessel and
expedition (1837-1%96) of the same name,
commenced in March 1974, Investigators from
seven institutions in four countries

{Canada, Denmark, Naorway and the lnited
States) encamped on a drifting ice island
approximately 200 nm norih of Greenland.
Studies are being conducted in oceanography
and meteornloqgy, sea floor properties, ice
dynanics, urderwa*er acoustics and polar bear
migration. The field nrogram encompassed
about four weeks, serving an a successful
pilat project for FRAM [, for which experi-
mental work is scCheduled to hegin in March
1940, Plans are to locate the scientific
party again on a large fioe, and about 200 nm




' farther to the north, if possible.
RIVERA OCEAN SEISMIC EXPERIMENT (ROSE)

l The Rivera Ocean Seismic Experiment
{ROSE) is a multi-institutional project to
study the structure and physical properties
of a young oceanic plate and its associated
fracture zones and ridge crest. Emphasis
is on propagation of low freauency seismic
energy in oceanic crust. Early in 1979,
approximately 60 ocean bottom seismometers
{0BS's) were deployed on the East Pacific
Rise near 129N off the west coast of Mexico.
ihis area is a young ocean basin still being
formed as the continental crust drifts away
from the Mexican mainland. The experimental
plan included an active phase in which air
guns and explosives provided controllable
seismic sources, and a passive phase, which
used the large number of earthquakes on the
active Rivera Fracture Zone as high energy,
Tow frequency sources. Scientists had
estimated no less than a ninety percent
chance of a measurable quake occurring during
the experiment; in fact, one quake measuring
4.5 on the Richter Scale did occur, as well
as several smaller disturbances.

Energy levels recorded at the 0BS's
during both phases are being analyzed for
seismic propagation, attenuation, and aniso-
trophy in the oceanic crust. Additional
experiments included digital multichannel
seismic profiling, ocean volume acoustics us-
ing a vertical hydrophone array embedded in
the 0BS array, and seismological recording
stations on Baja California and mainland
Mexico. The field work required approxi-
mately two mpnths. It will be a least two
more years before all the data analysis and
interpretation are completed. Special
arrangements have been developed for sharing
and ultimately archiving a mass of data that
will probably equal a year's output of the
World-Wide Seismological Network.

ROSE is being jointly sponsored by ONR
and NSF. [In addition to six private U. S.
universities and institutions engaging in
this project, scientists from two Navy labo-
ratories and investigators from Mexico and
France also participated.

The scientific objectives of the experi-
ment cover a wide spectrum of interests.

c

Thickening of the lithosphere with age will
be investigated from seismicity along thc
Rivera Fracture Zone and thickening of the
crust with age from refraction data. C(ther
planned studies concern acoustic wave
propagation across the ridge crest; shear
velocity of the crust and upper mantle;
geometry of any magma chamber at the rise
axis; correlation of varijations in "layer 2"
velocities with age, and anisotrophy in the
upper mantle and variation with age. Such
Ocean Science Program research not only con-
tributes fundamental scientific knowledge of
geophysical properties of the Earth, but has
the potential of demonstrating how low fre-
quency seismic energv propagates in oceanic
crusts, a phenomenon with practical ramific-
ations for the Navy in its sea control
mission.

GEQSECS

GEOSECS (Geochemical Ocean Section
Study) is an IDOL program and the mnst
extensive chemical oceanographic research
project ever conducted. The objectives, to
establish global ocean baselines for monitor-
ing environmental quality and provide input
for quantitative analyses of oceanic mixing
and circulation modelling, require that the
analytical methods used by all participants
be standardized. Years of instrument and
technique development preceded the six-year
sampling program, which concluded in 197%,
Nearly 400 stations were occupied in the
Atlantic, Pacific and Indian QOceans. The
stations were located alonq north-south tran-
sects that generally coincide with the naths
of bottom water movement. Samples of water
and suspended materials collected at up tc
44 depths are being analyred for nearly 40
physical and chemical constituents. By com-
paring the concentrations of these at the
various levels and locations, it should be
possible to draw quite reliable conclusions
about the mixing and reaction processes in
the deep oacean, and interchange of material
between the deep and surface layers and the
exchange of water and gases with the atmos-
phere. GEOSICS invelves laboratories and
scientists from seven furopean and Asian
countries, Canada, and fourteen institutions
in the linited States. The ®/V'o MEIVILLT
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and KNORR, AGORs assigned to the Scripps and
Woods Hole Institutions of Oceanography,
respectively, conducted most of the fieid
work. Although the National Science Found-
ation is the principal funding agency, the
Ocean Science Program contributes through
support of research facilities and individua)
scientists. In exchange, the Navy's oceano-
graphic technology base is significantly en-
hanced by addition of an extensive, unique
data set that will support environmental pro-
tection and ocean modelling research for many
years.

HIGH ENERGY BENTHIC BOUNDARY LAYER
EXPERIMENT (HEBBLE)

The High Energy Benthic Boundary Layer
".ueriment, HEEBLE, is a series of investig-
ations to determine the role of high energy
bottom current events in causing variations
in the structure, composition and aroustic
properties of deep ocean sediments. The
probability that this goal can be success-
fully accomplished is to a large extent con-
tingent on a second goal: to apply NASA's
system engineering expertise to oceanographic
problems, and transfer the technology to
ncean scientists,

The HLBBL. plan evolved from workshops
sponsored by ONR in 1977 and 1978 to promote
interaction among diverse groups working on
boundary layer problems. The benthic bound-
ary layer is defined as extending from a few
tens ~f meters above the ocean floor to a
few tens of centimeters below it in the
nceans' abyssal plains. Surprisingly strong
currents occurring intermittently within this
layer mark the high enerqgy zones, which are
associated, in general, with the western
boundary currents.

The site selected for HEBBLEL is in the
western North Atlantic, on the Scotian Shelf
There are several elements to the project:
site surveys and physical reconnaissance tn
identify suitable areas; laboratory experi-
ments, modelling and simulation, several -
day deep sea experiments to determine
necessary measurement rates and positions,
and one or more 6-month expertment:s to

investigate the temporal and spatial vari-
ations of the high enerqgy boundary layer and
its interactions with the seabed. The
6-month phase is designed around a network

of seafloor landers, which are being devel-
oped under NASA contract by the Jet Propul-
sion Laboratory of the California Institute
of Technology. A Master Lander and nearby
vertical array, surrounded by 3 or more Out-
station Landers several kilometers away, will
be placed on the ocean bottom in the Western
Boundary Undercurrent at about 5000 meters
depth. Individually, the landers, holding
vertically mounted, multi-instrumented arrays,
will provide measurements nf the current
velocity, temperature, conductiviiy, an® con-
centration of suspended particulace matter dt
several deptns av o function of time. Simul-
taneously, the network will provide data on
the horizontal distributions and spatial
gradients of these variables. The Master
Lander array will also obtain shear stress
within the Layer by means of an acoustic sen-
sor; sediment characteristics using a sheér
vane;, particulate <ize, density ard tlux,
using acoustic backscatter, holographic and
optical techniqgues: and photographs of the
bottom with five cameras. All systems have
data storage capacity ftor up to 6 months,

At least a dozen ONY contract Institu-
tions and Canadian resedrch organizdations
are plarning participation in i BblLL ., The
Navy's practical interest in the benthic
boundary lYayer involves numerous juestions
about physical, geological [ chemtcal andt
biological etfects an hardwdare and tne result-
ant implications ot these interactive prc-

Ceases On various strateaic cancerns . Reggits
ot HBELT will also bear on tes Tegaability

of nuclear waste dicposal heneath the Qed
tlaoov.  tnoview ot the Havy re nadrements and
the interest of  everal of the (1vilian
Aencles, e, the Depactrent ot fnergy,

PES g et torts and futare sapport uf
i BLE e ey new Tt an the Birean

T e gn
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Maritime Remote Sensing Experiment
(MARSEN)

MARSEN, a field measurement program focussing
on coastal zone and shallow water problems,
took place from July to October 1979 in the
North Sea. Over 200 investigators from the
United States, West Germany, france, Nether-
Tands and the United Kingdom participated.

U. S. sponsors were ONR, NASA and NOAA.

The experiment was designed around
several major research objectives, the most
important being to investigate the inter-
actions of surface wind, waves, currents and
storm surge, including in particular the
transformation of waves and currents in the
nearshore zone. This is one of the most
difficult coastal zone oceanographic prob-
lems, and its successful treatment requires
the simultaneous measurement of many differ-
ent processes. The goal is a joint _torm
surge/wind wave prediction model that will
take full account of the interaction among
the various processes and with the variable
bottom topography.

Surface currents in the presence of
ocean waves and the ocean wave spectra were
measured by means of HF- and Dual-frequency
microwave scattering. Wave rider buoys,
pressure sensors and wave staffs provided
direct wave measurements; aircraft obtained
data by synthetic aperture radar (SAR)
techniques. Laser profilometer records were
also obtained by aircraft. Currents and sea
level measurements were provided by conven-
tional meters and tide pressure gauges.

A second experimental objective was to
obtain sufficient data to construct new
models to predict the dependence of the
modulation transfer function on ocean wave-
length, microwavelength, wind speed, wave
and wind direction, concentration and type
of surface active material, and other
environmental parameters. This effort com-
orised tower-based measurements with micro-
wave scatterometers operating at different
frequencies, satellite and aircraft data,
and in situ measurements of two-dimensional
wave spectra and other variables for compar-
ison with the remote sensing data.

Measurements of the wave-induced modulation
of the atmospheric boundary layer immediately
over waves were also taken,

MARSEN also investigated the feasibility
of using infrared and microwave radiometers
and synthetic aperture radar imagery from
both aircraft and satellites as an all-
weather capability to track oceanic fronts.

Other objectives involved chemical sea-
truth measurements, artificial sea slick ex-
perimentation, and a study of aerosol
generation by white caps.

The observational density achieved is
probably the most intense ever attempted.
Oceanographic and meteorological data were
collected by seven ships provided by West
Germany and the U, K., two research towers
and several oil platforms already in the
North Sea and at 10 istand and coastal
stations. Additionally, about 25 moored
buoys and 25 drifting buoys recorded wave
motions. Eleven instrumented aircraft were
provided by the U, S. and West German Air
Forces, NASA, and participating agencies
from France, The Netherlands, and West
Germany. The TIRQS-N and NIMBUS-G satellites
obtainea areal data in almost real time.
NIMBUS primarily observes atmospheric phe-
nomena. TIROS-N, with the highest resolution
infrared sensor capability of all the space-
craft, was most useful for detecting oceanic
fronts and general mapping of sea surface
temperature in clear air.

MARSEN exemplifies the advantages of
multi-institutional, interdisciplinary
research. By combining resources, a spect-
rum of scientific objectives involving inter-
active processes and observational techniques
could be approached as a continum on real-
istic time and space scales, a feat never be-
fore possible and one that none of the
countries participating would have been able
to accomplish independently.
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NORWEGIAN SEA EXPERIMENTS {NORSEX)

The Norwegian Sea Experiments are a set
of bilateral experiments conducted by the
Navy in cooperation with Norway and dre con-
cerned with oceanography including renote
sensing, ice in the Barents Sea, and near-
shore oceanography west of southern Norway.
ONR contractors and HRL scientists partici-
pated in the “Coastal Experiment", one of
many in NORSEX, carried out in March 1979
within a rectangle of 5 degrees longitude by
one Jegree latitudc near Bergen, Norway.

The scientifins gcals of that experiment were
tc obtain date on internal waves and to
investigate fiontal processes and their
relationships to waves, eddies and biologica
variations; mixing processes, in particular
tne mixing of fjord water with coastal and
Atlantic water; and the time and space
variability of surface currents and surface
waves under the influence of meteorological
processes, upwellings and fjord inflow. The
U. S. participants, using an NRL aircraft

and dropsonde data for atmospheric and aero-
sol investigations. The Norwegians are pro-
viding an extensive program for surface
measurements using five special research

buoys, several drifting buoys, and thirteen
oil platforms.

SEASAT-A

Developed specifically as an oceano-
graphic observational platform, SEASAT-A
failed in orbit after 99 days owing to
electrical system malfunction. Despite a
disappointingly short life, the satellite
nonetheless achieved its primary objective:
to demonstrate the utility of microwave
sensors tor nearly all-weather remote sens-
ing of the oceans. SLASA  covered 95 of
the global nceans every 36 hours, trans-
mitting information on sea surface winds,
sea surfdce temperature, wave heights,
internal waves, atmospheric water, sea ice
features, ocean topoqraphy and the marine
qeoid,  The wealth of unique data obtained
is without precedent in the ocean sciences,
and the evaluations thus far completed
indicate that, in most cases, the measure-
ment resolution obtained either met or

(P3) and U. S. satellites collected microwave

vessels plus ships of opportunity, six moored

surpassed expectations.

Due to the global research effort
required to prove the new sensors carried
aboard SEASAT, interrational cor -ation
was essential in proving the satellite.

A significant deqree of Luropean interest
has been shown in this program and several
activities are involved. The Navy Ocean
Science Program will maintain interest and
possible cooperation with the international
SEASAT research activities. SEASAT Users
Research Group of Europe {SURGL) -- a working
group of the European Association Remote
Sensing Laboratories (EARSEL) affiliated
with the European Space Agency (ESA) --

has been formed to coordinate the applic-
ation of data from SEASAT in turopean
oceanographic research. The {irst priority

1

interest of SURGE is the validation program
which is being coordinated by NASA for
proof-of-concept of the SEASAT sensors in
detecting ocean phenomena quantitatively.
Areas selected on the basis of auantity and
quality of usable sea truth are fi:
Sea and the JASIN area.

orth

SEASAT-A COVERAGE FCP A 60-NAY PERIND WHEN CORE
IS EXTRACTED EVERY THIRD [rv,




CHAPTER

PACIUITIES OF THE OCEA

Oceanography is more than a bench science.
The character and quality of oceanographic
research, and the achievements attained in
understanding oceanic processes, are directly
related to the platforms, instruments and
other special equipment that ocean scientists
have available to then.

SHIPS

The ROBERT D. CONRAD {AGOR-3) delivered
in 1962 was the first new construction ship
built by the Navy especially for ocean re-
search, and only the fourth U.S, ship built
for that purpose alone. When the Navy embarked
on a vigorous oceanographic ship building
program in 1960, it culminated ten years of
effort by the Office of Naval Research to
generate support for a modern U.S. ocean
research fleet. Through the 1960's the Navy
funded some twenty new vessels for oceano-
graphic research and exploration. The AGOR -
Auxiliary General Ocean Research - class ships
underwent several design changes in the course
of the construction period. MELVILLE (de-
Tivered 196¢) has cycloidal propellers fore
and aft that enable her to maintain a fixed
geographic position (station) in currents of
1 knot and 40-knot winds. HAYES (d1 1971) is
a catamaran. The last AGOR, MOANA WAVE (d1
1975) and her sister ship, GYRE, are confiqured
after the supply boats used in the oil industry.
They have long, open afterdecks ideally suited
for easy installation and removal of heavy
equipment, and for handling large instrument
arrays. Some of these ships were provided to
NR's principal contractors; others were
assigned to various of the Navy laboratories.

The high cost of ship operatian, however,
has reduced the number of AGORs still in
service to 12z, and has led to a search
for more efficient ways of managing the limited
assets,

The Naval Oceanography Command now
operates a "pool" of three AGORs for use by
the Navy Laboratories. At ONR contract labor-
ator ies, university and institutionally owned
research vessels are often used in addition
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THE NUCLEAR RESEARCH SUBMARINE NR-1.
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SELF PROPELLED UNDERMATER RESEARCH VEHICLE (SPURV) IS AN {NMANNED VEMICLE
WITH A DEPTH CAPABILITY OF 3600 M, (12,000 FT.). THE VEHICLL 19 CLRRENTLY
BEING USED IN THE STUDY OF MICROVARTATIONS IN THE NCEAN STRUCTURE




: FLOATING INSTRUMENT PLATFORM (FLIP),

F A S10 RESEARCH PLATFORM, BEING ERECTED
(“LIPPED) TC A VERTICAL POSITION FOR ‘

Oi-STATION OCEAN ACOUSTIC DATA COLLECTION. §

VERSATILITY OF THE DEEP TOV
INSTRUMENTATION SYSTEM, DE-
VELOPMENT OF YVHICH BEGAN IN
1960 BY THE MARINE PHYSICAL
LABORATNRY (S10), IS INDI-
CATED RY NPTIONAL ADDITIONS
SUCH AS THE REMOTELY CO0%- ¥
TROLLED PLANKTON NET FOR

DEEP OCEAN BIDLOGICAL SAMP-
LING, AND REMOTELY COMTROLLLD
WATER SAMPLE BOTTLLS.

ALVIN PREPARING FOPR LAUMNCH.
THE BABY SUBMARIME IS
OPERATID BY THE 400DS HOLF
NCEANNGRAPHIC INSTITUTICN
Fro THE 11.S. RESEARCH
COMMUNTTY.  CDSTS ARE
SHAPED BY NAVY (ONR), NCOMA
AND NSE




AIRCRAFT AND SATFLLITES

Several aircratt specifically desico ed
and equipped for oceanographic research
support numerous studies in the Hay,
Research Program. The Naval Research
Laboratory technically contrals and operates
four aircraft: an NC-121, two P-3As and
an S-2. The Naval Oceanographic Office
technically controls and operates three
aircraft: two P-3As and a P-3D. Services
of other aircraf®t ownec by the Navy and/or
Jther gqovernment agencies are utilized fre-
auently for scientific investigations
through special arrangements.  These highly

weeialized alrcraft are equipped with an

«terzive array of oceanographic, acoustic,
1l mezeorological instruments; integrated,
coppater-operated navigation systems
consisting of inertial, satellite, and
voran A-C navigation capabilities; and
snphisticated, computer-controlled data
~ocoriding/processing svstems., The basic
aceanographic/meteorclogical sensors include
a1 infrarea radiation thermometer, a
heliurm-neon laser for profiling ice
ridges and ocean surface waves; cxpendable
telemetering bathythermographs for vertical
sea temperature profiles; an infrared
scanner for mapping surface thermal features;
meteorotogical instruments for measuring
flight-level air temperature, humidity,
nressure, and dew point; mapping camera and
trip amera. In addition, the aircraft
are capable of accurately placing sonobuoys
and SUS {Sound Underwater Signal) charges
for acoustical measurements, and charting
“ne earth's magnetic field with magneto-
meters and gradiometers. Low light level
tnlevision (LLLTV) systems and photo-
meters have also been used experimentally
to obtain measurements of bioluminescence.
New applications of these aircraft in
aceanographic research and surveys are
added each year. Their employment for

ciecking-out and demonstrating the
validity of different satellite -ensor
systems was (and is) an impertant step
toward using satellites to obtain near-
synoptic oceanographic observetions
qlobally.

NANE

ORION AIRCRAFT USED LY
RESEARCH LABORATORY FOR OCLA RUSTA: Lo

The global nature of oceanagrapnic and
meteorological monitoring problems of tne e
make satellites uniquely sujted to f
required ohservations, and a nu-ier of tnese
are already neing main,. T i
satellites are bernefitting ogrean recearcn at
sea, so much of which i, degenden® ¢ overy
accurate positioning. current
speed obtaired from an ice platfore, itie’f
in motion, heve been imnraved by accurate
positioning, which permitc deternination nf
rate of drift. Use of =a*eliiics for rele-
metering oceanoqraphic da'a fro- resate hyov
systems nhas beoo succolstully aon1eves v sev-
eral research oo [ MOTE, TODPAX Y.

LAV N3

Megsureroents of

orts fe g,
Satellite measurerents of the ses surface
temperature [S5T) have hoer refined to the
extent that NOAA's National [nvivonrontal
Sateliite Service {NISS) recently in *i* . rod
an operational SST product with an accuracy of
+1.5 to +2.00C absolute {+10r yelative) using
the IOAA Scanning Radiormeter wersor. PRefine-
ments of the data processing wchepe invelved
corrections of atmospheric attenuation ny
humidity and cirrus ¢lood: and inclusian of
surface truth information from <hip abserva-
tions. Beginning in 1975,
ments (+1°C absolute, 40,500 relative) were
obtained from the Defense Meteorological
Satellite Program (PMSPY qatellite and the

mnore DI"C(]T e measure-
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TIROS-N Advanced Very High Resolution Radio-
meter and Operatioconal Vertical Sounder.
Scanning Multichannel Microwave Radiorieter
(SMMR) data from NIMBUS-G and SEASAT-A should
provide all-weather SST measurements with an
accuracy of approximately +10C, '

SEASAT-A, the only satellite designed
solely for ocean monitoring, produced proof of
a satellite’'s potential for quantitative
research purposes, as well as for syrioptic
environmental observations. SEASAT-A was
juintly sponsored by Navy, NASA and NOAA to
investigate the feasibility of microwave
sencars for obtaining near all-weather obser-
vations. A wealth of data was transmitted
hatare an electrical failure occurred atter
~rl 99 days in orbit. SEASAT's suite of

nsors included a radar altimeter, microwave
radar scatterometer, synthetic aperture imaging
radar {SAR), microwave radiometer ard a visible
ana infrared radiometer (VIRR). The altimeter
measures wave height to within a meter, and
the ocean geoid (as departures from a perfect
soneroid) to within 10 centimeters. Repeated
measurements of the surface topography
permit detection of changes caused by gravity
variations, deep ocean tides, surges and
currents. The scatterometer measures fine
scale surface roughness to obtain wind speed
and direction; the SAR provides imagery of
ocean waves, ice roughness and concentration,
and coastal conditions to a resolution of 25m
over a 100 km swath. The radiometers measure
the temperature of the sea surface and image
ocean, coictal and ice features. The micro-
wave sensor also obtains a measure of foam
brightness, from which wind speed can be
derived, and can "see" through clouds. The
visible and infrared radiometer can only image
the earth's surface in clear weather; otherwise,
cloud cover patterns are produced.

Altnough Navy environmentalists already
make fairly heavy use of satellite data for
nrediction and research, the potential has
barely been tapped. Satellites already -- or
soon to be -- in orbit have been variously
designed and instrumented for particular
purposes, but the spin-off benefits for ocean
science can be great, even so, and the Ocean
Science Program supports effarts to ensure
that these possibilities are not overlooked.

Motnods for data nancaling and espioitdtion
are being developed at a nunber of laborate-ic,
for a wide range of applications,

Environmiental date uced Ly Navy activities
tor various re-arch covelopment, and opera-
tional projects and rograms have been cbtaineo
from the LMSP, KOAA (TIROS Y, "UIMBLS, HCMM,
LANDSAT, SeYIAB, oo, SEASAT, and APOLLC
satellites. Divert readout farilities heve
been deveinped for orerstiaonal L.se aboard Ships
and at snore station.., Tre Sateilite Tro-
cessing Tenter at tne fleet Yperics, Toean
Center vegan operalions 1n 19745, end 15 ranente

Pi S &

of receiving and processing data “ron OMGT
TIROS, GEOS and SLASAT. Several RYD facilicio
for processing, analyzing and enhancing
sateliite data produacts for project sunpnr:
SeNnsor comnunications, ar technical deveion-
ment also exist within Tie "dvy Lrogean.

SPECTAL PLAT (1,

Jate regdreaents ot ey e
sponsored by the e Loien Prograt canot
all be met by shire, =utrercibles, satellites
and aircrafu. Long terr records of shaliow
water phenomena can host Le oPtained Teon
fixed ocean piatforms, ar “ooee saon o lart-
forms, or towers, are use! in tnhe i oagran:
the Naval (cean Systerr, Teptos Lowes near
San Diego and two Maval Ccastal Lystens (enter
{NCSC) towers near Panarma City, +ioriaga.

Sensor stability i< wxtrerely 3fmportant an e
ncean acoustic research and cannat be o biLed
with ships. FLI? ‘Floating lnstrument + o at-
form) was develuped by Soripps' Marine

Physical Laboratory undcr ONK sponsorship e
resolve this problem FLIP 1< very s5table in
high sea states: it moves verticoasll, feqo than
one foot in wdves 4 teet hin.
Jong, can be towed tvom place to pidace wrile
floating horizontally, en? up-ences - pped)
to a vertical position on <iie. Tnas Lo andiut
allows transport at cooorvate speeds ard oer -
Mits equipment in, o reticen at dnckaife, n o the

COSareh

TeoanT teer

vertical position . astn deatt e o Ceet,
with faciiities noth dabove ard belaw the water-
]ine. fi H), A veterar o0oany et
vIgQITS on the Bagn cean . can aoronr St te 6o

to eight mer o a0 g e
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DISCUS BUOYS, 12 M. IN DIAMETER, ARE BEING DEPLOYED EY THE HOAA DATA RBUOY
NOFFICE (NDBO; TO SELECTED SITES IN THE DEEP OCFAN TO OBTAIN SYNGPTIL LATA
FOR WEATHER FORCCASTING ANO RESEARCH, THESE LARGE RUOYS, WIIGHING 20 TONS
WITH MASTS EXTENDING 10 M, ABOVE MEAN SEA LEVEL, CARRY INSTRUMENTS FOR
MONITORING METEOROLOGICAL VARIABLES (AIR TEMPERATURE, BAROMITRIC PRESSURF,
WIND SPEED AND DIRECTION, AND RELATIVE HUMIDITY), WAVE HEIGHTS, AND SEA
SURFACE TEMPERATURE, AS WELL AS ON-BOARD DATA HANDLING/PROCFSSING CAPA-
BILITIES WITH UHF AND HF RADIO/SATELLITE COMMUNICATINN SYSTEMS,

OCEANOGRAPHIC RESEARCH TOWERS SUCH AS THE ONE OPERATED OFF SAN DIEGO BY NCSC
PROVIDE FIXED PLATFORMS IN COASTAL WATERS FOR MONITORING OCEANOGRAPHIC AND
METEOROLOGICAL PARAMETERS TO SUPPORT RESEARCH IN THE OCEAN SCIENCE PROGRAM.




Yet another special type of platform is
the Oceanographic Research Buoy, ORB., ORB is
a large square barge used to handle heavy
objects at sea; a big center well protects
instruments being lowered from the effects
of wind and waves. ORB is not self-propelled
and must be towed to its work site at sea.

The requirement for long term measurements
at selected deep sea sites has led to use of
platforms moored to the ocean floor to support
instruments at desired depths. The largest of
these are the "Monster' buoys, 40 feet in
diameter, with sensors that measure and record
100 channels of scientific data and telemeter
these to shore stations thousands of miles

away on command. Both short and long (up to

a year) memory devices store collected data.
“ne first Monster buoy deployed in 1975 served
as a master in an array of smaller buoys moored
between Hawaii and Alaska for NORPAX. Synoptic,
simultaneous measurements of atmospheric and
ocean variables were obtained for air-sea
interface studies. The family of deep sea
buoys were developed by NOAA's Data Buoy Office,
which is chartered to service interagency buoy
requirements; much of the early technology
behind such developments derived from research
supported by ONR.

OTHER FACILITIES

The Navy Laboratories have unique,
specialized facilities which, although not part

Such facilities are also used by other federal
agencies. The arctic research pool at the
Naval Ocean Systems Center is also used by the
Coast Guard, for example. Operational test
facilities such as the model basin and the
pressure facility of the Naval Ship Research
and Development Center are used by many
agencies. The Civil Engineering Laboratory
operates a deep ocean simulation laboratory,
polar environmental laboratory, shallow water
ocean simulation facility, diving locker and
seafloor soils laboratory. The Naval Air
Development Center maintains a ship motion
simulation facility and an inertial navigation
facility which are utilized in system inte-
gration and technical direction of the oceano-
graphic survey vessels, including the Naviga-
tion and Sonarray Subsystems. Navy Coastal
Systems Center's Ocean Simulation Facility is a
unique hyperbaric tank housed in a three

story building and consists of five dry

of the Ocean Science Program, benefit it greatly.

chambers and a large wet chamber capable .7
simulating water depths to 2250 ft. The
principal purpose of this facility is to
support development, testing and certification
of manned and unmanned diving systems.

INSTRUMENTATION

Within the last five years, there have
been significant new thrusts in oceanographic
instrumentation development, driven by require-
ments for long term data from remote areas,
and survey measurements of greater precision
and resolution. Oceanography is benefitting
from advances in electronics, cable and solid
state technology; measurements which could
not be made a few years ago are now not only
technically possible but economically feasible.

Major advantages for ocean research will
be the ability to measure ocean phenomena such
as current shear directly and en masse and to
obtain measures of certain properties, sound
velocity, for example, directly rather than
by computation.

The Expendable Current Profiler (X(P),
which completed successful testing in October
1979, typifies the new generation of sensors.
The XCP measures the variation in horizontal
current velocity, or shear, between the sea
surface and a depth of 800 meters. The
measurement technique relies on geomagnetic
induction principles: the interaction of
layers of sea water moving horizontally
through the earth's magnetic field sets up
weak electric currents in the water propor-
tional to the rate of movement. B8y measuring
the voltages between horizontally spaced
electrodes in a free falling body, it is then
possible to obtain a vertical profile of
current shear from a moving ship. Several
hundred units have been fabricated for
research programs in 1980 and effort is now
directed toward achieving an efficient pro-
duction design that will enable survey ships
and ships-of-opportunity to obtain vertical
shear measurements as easily as temperature
profiles are obtained now. The original work

through proof-of-concept was funded by the
Ocean Science Program as a tool for basic
research in physical oceanography; further
development was supported under an advanced
development task.
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DRIFTING BUOY CONFIGURATONS (TYPICAL)
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VANES

INFLATABLE
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DEPTH -60F T

DRIFTING BUOYS ARE AMONG THE MOST PROMISING OF THE NEW TOOLS
OCEANOGRAPHERS ARE USING TO STUDY OCEAN DYNAMICS AND AIR-SEA
INTERACTION. TYPICAL CONFIGURATIONS SHOWN HERE ARE THE NOAA
DATA BUOY OFFICE (NDBQ) BUQY THAT WILL BE USED IN FGGE, THE
WAVE RIDER BUOY TO BE USED IN MARSEN, AND OTHERS WIDELY EM-
PLOYED BY THE SCIENTIFIC COMMUNITY. TRACKING IS USUALLY
ACCOMPLISHED WITH RADAR OR BY SATELLITES. FORCE VECTOR RE-
CORDERS (FVRs) ARE USED TO MEASURE DROGUE DYNAMICS. THESE
SELF-CONTAINED, BATTERY-QPERATED MOTION SENSING PACKAGES
HAVE STX SENSOR CHANNELS AND RECORD DIGITAL DATA ON INTERNAL
TAPE CASSETTES. THE DATA RECORDED INCLUDE ACCELERATION,
AZIMUTH REFERENCE, AND PRESSURE OR TENSION. THL FVRs SAMPLE
EACH SENSOR CHANNEL APPROXIMATELY TWICE PER SECOND. BUOY
MOTION IS MEASURED BY THE OCEAN ENVIRONMENT SENSING EQUIP-
MENT (OESE) AT THE SAME RATE AND TIME AS THE FVRs. DROGUES
PREVENT THE BUOYS FROM RESPONDING TO WIND FORCES RATHER THAN
WATER MOTIONS.

~
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The Remote Environmental Data System

(REDS), Cyclesonde, and Moored Vertical Profiler

(MVP) are examples of programmable, self-

contained sensor packages that can be implanted

and left unattended for periods of weeks to
several months. REDS is designed for coastal
research and is placed on the bottom by under-
water swimmers. The Cyclesonde and Moored
Vertical Profiler are deployed from a ship by
the anchor last technique and comprise a

ALL SET FOR LOWERING TO OCEAN FLOOR-- THE
PONTOON IMPLACEMENT VEHICLE (PIV) IS SHOWN
BEING READIED FOR PLACEMENT ATOP ONE OF THE
LOSS PONTOONS FOR ITS DESCENT TO THE OCEAN
FLOOR. SCIENTISTS AND ENGINEERS AT THE
NAVAL COASTAL CENTER OEVELOPED THE LOSS
SYSTEM FOR SALVAGING LARGE OBJECTS FROM
DEPTHS OF 850 FEET.

series of cable tethers and floats with an
instrumented package that varies buoyancy . ia
electronic command and measures water ternera-
ture, conductivity and pressure as it moves
vertically through the water column at
programmed intervals.
operationally usable, are still one-of-a-kind
instruments, but the Cyclesonde is now avail-
able commercially although not a mass pro-
duction unit.

FIRST LEG OF THE JOURNEY-- ONZ OF THF LOSS
PONTOONS IS LOWERED INTO THE WATER WHILE THE
OTHER RESTS AT DOCKSIDE AT THL NAVAL COASTAL
SYSTEMS CENTER. EACH OF THE 50-F00T LONG,
80-TON PONTOONS IS AN INTRICATE SYSTEM OF
ELECTRONIC CONTROLS, HIGH PRESSURE VALVLIS,
AND GAS GENERATING EQUIPMENT

PONTOONS BEING READIED FOR TOW-- NAVAL
COASTAL SYSTEMS CENTER DIVERS COME TO GRIP<
WITH THE TASK OF PREPARING THE L0OSS PONTOONS
FOR THE TRIP TO PORT AFTER LIFTING THE TiST
OBJECT, WHICH IS SUSPENDED BELOW. (ACH OF
THE PONTOONS HAS A LIFTING CAPABILITY OF

100 TONS FROM A DEPTH OF 250 FEET.

6-10
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7rL'S DEEP OCEAN SIMULATION LABORATORY.
TESTS INVOLVING IMPLOSIONS AND EXPLOSIONS
CAN BE CONDUCTED IN ADDITION TO PRESSURE
SECITIVITY.

fo

NADC'S SHIP MOTION SIMULATION FACILITY !

NORDA'S WA&VE FACILITY




Abyssal plains

ACODAC

AGOR

AlS

Ambient noise

Attenuation

AXBT

APPENDTX A

GLOSSARY OF OCEANOLRADHTT T WM

-Flat areas ot tne orean haoin tlaor wnich
slope less that 1 pare an 100 meorly found
at the base ot the cont nental

~ACOustic DAta Capsule, o selt- cntained,
mid-water system tor obtaining verticl
measurements of ambient noice,

-A Navy Sh]D de%i(}ﬂd tian, acren e tor the
Auxiliary, General Ocednciiraisa Feearch
class. 1

-Acoustic Imaging Sy, teie .

~-The noise produced 1n *ne Sea L, Carone
animals, ship and ind.otraal activit,,
terrestrial movements, tnrecipitation, wind,
and other underwater or w.rtace a0 tivi sy
outside the measuring olattorn ang detertion

equipment.

-Antisubmarine rocket, carvied O, surtace
ships,

~Antisubmarine Wartarve  "noladen cncratinne

conducted against enemy coubrdr tnee, their
supportino forces, dand opevating bases.

-The reduction in elastic or eiectvomsanet g
wave intensity caused by the ~presting,
absorption, and scdattering of enervgy in air,
water, sediments, rock and other maeterials,

-Airborne fxpendahle Bathythermaararh., A
device launched from alviratt to ahitain
ocean water temperature ds a tunction of a
depth. Data are transmitted to the gircrgft
by radio link.

Al

et mintessuatussieli i .o . e Rekritin e .. . . ...
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Benthic -A11 submarine bottom terrain regardless
of water depth.

Benthic Boundary Layer (BBL) -The vertical layer extending from ceveral
tens of meters above the sea floor to a few
tens of centimeters into the bottom of the
earth's abyssal plains where the bottom
depths are 1000m or more.

Bioluminescence -The production of light without sensible
heat by living organisms as a result of a
chemical reaction within their cells or
organs or extracellularly in the form of a

secretion,
CEL -Civil Engineering Laboratory.
CNM -Chief of Naval Material.
CNO -Chief of Naval Operations.
CNR -Chief of Naval Research. ¥
CTD -Conductivity/Temperature/Depth sensor
CURV -Controlled Underwater Recovery Vehicle.
DCNM -Deputy Chief of Naval Material.
DMA -Defense Mapping Agency.
DMSP -Defense Meteorological Satellite Program.
DNL -Director of Navy Laboratories.
DOoD -Department. of DNefense.
DOWS -Deep Ocean Work System.
Echo Sounder -A device for determining the depth of water

hy measuring the time interval between emission
of a sonic or ultrasonic signal near the
surface and the return of its echo from

the bottom.

ED -Exploratory Development . i




EPA
FGGE

FLIP

FNOC
Fouling
GARP

Geophysics

GOBI
HALS
HEBBLE

Hertz (abbreviated Hz)

Hydrophone

Hydrothermal vents

[CAS

ICSu

-Environmental Protection Agency.

-First GARP Global Experiment, also called
Global Weather Experiment (GWF).

-FLoating Instrument Platform., A long
tubular, partially submerged structure which
provides a very stable platform (a spar
buoy) for oceanographic observations when
upended.

-Fleet Numerical Oceanography Center, formerly
Fleet Numerical Weather Central.

-The mass of marine organisms that attach to
submerged objects.

-Global Atmospheric Research Program,

-The physics of the earth, including fields
such as magnetics, geodesy, geology, oceano-
graphy, and meteorology.

-Geophysical Ocean Bottom Instrument.

-Hydrographic Airborne Laser Sounder.

-High Energy Benthic Boundary Layer Experiment.

-A unit of wave frequency equal to one cycle
per second.

-An electro-acoustic trarncducer that respionds
to waterborne sound waves and generates a
corresponding electric wave.

-Tubular openings in the ocean floor near
tectonically active areas from which wate
warmer than the surrounding bottom water
emerqes.

-Interdepart - al Cr-mnittee for Atmospheric
Scienc

-International Council of Scientific 'Inions,




IDOE

IDSIPS

INDEX
In sdtu
JASIN

Laser

Mantle

MILE

MILOC

Monster Buoy

MPL

NARL
NAS
NASA

NATO

~International Decade of 0Ocean txploration,
1960 - 1970, in which Americaen participation
was sponsored by the National Science Foundatic:,

-Interactive Uigital Satellite lmage Pro-
cessing System.

~-Indian QOcean Experiment.

-In the natura) or original positicn. {Lat.)

i

-Joint Air-Sea Interaction Proie.t

-Light Amnplification by Simulated Emission
of Radiation. Laser beams are concentrated
1ight which can be converted to intense
heat.

-Low Light Level Television.
-Large Object Salvage System.

-The shell of the eartn, helieved to he lense,
ultrabasic rock that is neariy 2000 kilovetors
thick and lies just beneath the thin [5-50 k)
crust of the earth.

-Mixed Layer Experiment.

-MILitary OCeanographic field program conducted
periodically by NATQ members to inprove ASW
capabilities.

-A large (40-foot diameter) aisc buoy which

can be moored in deep water and instrumented

to obtain and transmit meteoroloqical and

near-surface oceanogranhic data.

-Marine Physical Laboratory of the Scrinps
Institution of Oceanography.

-Naval Arctic Research Laboratory.
“National Academy of Science.
-National Aeronagutios and Space ddministration,

“North Atlantic Treaty hvoanization,

A-4




NAVELEX -Haval tlectronics Systens omnans.
NAVQCEANO ~Naval Oceanographic Dffice.
NCAR ~National Center ter S1roarheric Hesearch,
NCSC -Naval Coastal Systers crter.

! NDBO -NOAA Nata Buoy 0ffie.
NESS ~National Environmental “itellite Service,

NOAA,
I NOAA -National Cceanic and Atmospheric

Administration,

NOIC -National Oceanoqrdrnic Instrumentation
Center, NOAA.

NORDA -Naval Ocean Research anag Development
Activity.
NORPAX -NORth PAcific EXperiment. A larde, long- ¥,

term experiment to exanine the relaticnship
between prevailing weather patterns in the
North Pacific and oceanographic phenornena.

\ NOSC -Naval Ocean Systems Center.
NRL -Naval Research Laboratory.
NSAP -Navy Science Assistance Prouran.
NSF -National Science Foundation.
NSRDC -Maval Ship Research ana Development Cen’er.
08S -Ocean Bottom Seismometers.
OCEANAV -Acronym for the Naval Oceanography Commnand

which was established in 1978 and embraces
a1l components of the former Naval Weather
Service, the Fleet Nunerical ‘weanugraphy
Center, and the Naval Tceanogqraphic uftice,
The same acronym perviously apnlied o the
Nffice of the Oceanoyranher of the Navy.
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5 OMAT -Ocean Measurement Array Technoloqy.

{

| ONR -0ffice of Naval Research.

i ORB -Oceanographic Research Buoy.

i

% osp -Ocean Science Program.

1 OTH -Over-the-horizcen,

1 PAR -Programmable Acoustic Fecorder . A miawater

, vertical measurement syctem for recording
such acoustic variables as ambient noice,
propagation loss and bottom loss.

PV -Pontoon Implacement vehicle,
POLYMODE -A large scale, internatioral exuserirent

conducted in the mid-latitude reqion of
the North Atlantic to stud, ocean dynarics.

j Propagation -The transmission of eneriy through a me o, ¥

‘ RDT&E -Research, Developrient, "= and Lvaluation,

f The Navy RDTRE appropriatinan is apnroved by

{ the Congress annually.

’ REDS -Remote Environmental Data System.

! Reverberation -Sound scattered toward the <opurce-, principally

bl ~ B . .

} from the ncean surface (surface reverheration)

or bottom (botton reverheration | and Srom
) small scattering scurces in the medium
' such as air bubbhles and suspended solid
matter {volume reverberatrioni.

ROMS -Real time (ptical Mapning Sy<ten,

ROSE -Rivera fNcean Seismic Lxperiment,

RUWS -Remote Unmanned Work 7 ygter,

SACLANT =Supreme Al og ontendes . S0 lantic - a
NATO Command,

Scattering -The random diaper<al of <ound enevay after
it is reflected fror the cea =grtace or 1
sea bottom and/or ¢t the <urface o solid, ]
Tquid or qaseous particles qusrended in 1
water,

'

]
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SCOR

SEASAT

Seismic profiler

SHARPS T11

S10
SLuC
SMMR
SODC
SOFAR

Sonar

Sonobuoy

SPURY
SRB

SSBN

~-Scientific Committee on Oceanographic
Research, organized under UNESCO.

-Sea Satellite, designed specifically for
oceanographic observations; now inoperative.

-A continuous deep-sea reflection system

used to study the structure beneath the

ocean floor to depths of 10,000 feet ur

more, The reflections are recorded on a
graphic recorder whose stylus is synchronizeo
with the initial sounu pulse.

~Ships, Helicopter Acoustic Range Predicticon
System, a technique used at the Fleet humerical
Oceanography Center to estimate the performarice
of Fleet ASW sonars.

-Scripps Institution of Oceanography.

-Sea Lines of Communication.

~-Scanning Multichannel "icrowave Radiometer.

-Specialized Oceanogranhic Data Center.

-SOund Fixing And Ranging. The nmethod of
determining the location of obiects at sea
by utilizing the acoustic transmission
characteristics of the permanent deen
sound channel in the ocean.

-S0und Navigation And Ranging. Refers to
both the method and equipment for determining
the presence, location, or nature of chjects
at sea by underwater sound techniaues.

-A free floating or anchored device that
includes a buoy with radio telemetering
equipment and a hydrophone suspended heneath.

-Self Propelled Underwater Vehicle,

-Solid Rocket Booster.

-Submarine Ballistic Nuclear. Nuclear
powered submarine cavryina ballistic missiles,

A7




55P -Stable Semisubmersible Platform.
SST -Sea Surface Temperature.
Submersible -A general fers designating the family of

small submarines capable of useful work
on the seaflioor.

SURGE -SEASAT Users Research Group of Lurope.
{
SUS -Sound Underwater Sianal.
SYNRAMS -Synoptic Random Accesc Measurenent Systems.
Thermocline -A layer of water in which temperature
generally increases fairly rapidly with
depth.
Transducer -A device that converts ore form of enerqgy
to another, as from electrical to acoustic, 1
or conversely.
Transponder -A device that emits upon interrogation an “;
acoustic signal for navigation or locatian
purposes.
Turbulence -A state of fluid flow in which the instanta-

neous velocities exhibit irregular and
apparently random fluctuations.

UARS -Unmanned Arctic Research Submersible system,
UNOLS -University-National Oceanocraphic Laboratory

System. An organization to coordinate
research ship schedules and other facility

use.
Jyscpp -U.S. Climate Program Plan,
WHOT -Woods Hole Oceanoaravhic Institution.
WMO -World Meteorological Ovganization, dn

element of UNESCO. i

XRT -EXpendable BathyThermoaraph. A device
draopped from a moving ship to measure
water temperature as a function of denth.

XCp -EXpendable Current Profiler. A probe
dropped from & moving <hip that measures
current velocity as a function of water Iy
depth,
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Appendix B

DIRECTORY OF NAVAL ACTIVITIES
PARTICIPATING IN THE OCEAN SCIENCE PROGRAM

Lnboratofies Reporting to the Chief of Naval Reseuarch

LABORATORY MISSION

Naval Arctic Research To provide facilities and services for accomplishing those

Laboratory programs of basic and applied research which contribute

Barrow, Alaska 99723 to successful Navy Operations in Arctic Regions. In
addition, the Naval Arctic Research I.aboratory accom-
plishes specific tasks as may be assigned by the Chief of
Naval Research in support of other Nuval activities in the
Arctic Region.

Naval Biomedical Research To conduct research in microbiolugy and environmental
Laboratory biology.

Naval Supply Center :

Oakland, California 94625

Nuaval Ocean Research and To carry out a broadly based Research, Devdlopment, Test
Development Activity and Evaluation Program in Ocean Science and Tech-
NSTL Station, nology, with emphasis on understanding ocean processes
Mississippi 39529 through measurement and analysis, and the effects of this

ocean environment on Navy systems and operations.

Naval Research Laboratory To conduct a broadly based multi-discipline program of

Washingion, D.C. 20375 scientific research and advanced technological devel-
opment ditected toward new and improved materials,
equipment, techniques, systems, and related operational
procedures for the Navy.

NRL's Underwater Sound Reference Detachment (USRD) in Orlando. florida,
is the Navy's "Bureau of Standards" for underwater sound mea<urements .,

B-1




[.LABORATORY

Naval Air Development Center
Warminster,
Pennsylvania 18974

Civil Engineering Laboratory
Port Hueneme,
California 935043

Naval Coastal Systems Center
Panama City, Florida 32407

Naval Environmental Pre-
diction Research Facility
Monterey, California 93940

Naval Ocean Systems Center
San Diego, California 92152

Navy Personnel Research and
Development Center
San Diego, California 92152

David W. Taylor Naval Ship
Research and Development
Center

Bethesda, Maryland 20084

Laboratories Reporting to the Chief of Naval Material

MISSION

To be the principal Navy i{csearch, Development, Test and
Evaluation Center for Naval aircraft systems less aircraft
launched weapons systems.

To be the principal Navy Research, Development, Test and
Evaluation Center for shore and fixed surface acean facil-
ities and for the Navy and Marine Corps construction
forces. Reports through NAVIAT.

To be the principal Navy activity for conducting Research,
Development, Test and Jsvaluation in support of Naval
missions and operations that take place primarily in the
Coastal (Continental Shelf) Regions. This includes, in
particular, Research, Development, Test and Evaluation
for mine countermeasures, diving and salvage, coastal and
inshore defense (less ASW), swimmer operations and
amphibious operations.

To conduct research and development directed towards
providing objective local, regional and global environ-
mental analysis and prediction techniques; and provide
planning, modeling and evaluation services for de-
termining the effect of environmental elements on Naval

Aapr oy

weapons systems. Reports through JOVATE,

To be the principal Navy Research, Development, Test and
Evaluation Center for comm:and contrel, communications,
ocean surveillance, surface and air launched undersea
weapons systems, and supporting technologies.

To be the principal Navy activity for canducting human
resources Research, Development, Test and Evaluation in
the areas of manpower, personnel, education and training,
and to serve as the coordinating activity for all humian
resources Research, Development, Test and Evalustion
support and services to the Systems Commands and to (he
CNM laboratories as necessary to aupment and stimulate
humanf torseffortzinthedesign, development, and eval-
uation ot new systems for operational use.

To be the principal Navy Research, Development, Test and
Evaluation Center for Naval vehicles and logistics and to
provide Research, Development, Test and Evaluation
Support to the U.S. Maritime Administration and the
Maritime Industry.

B-2
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Laboratories Reporting to the Chief of Naval Material (cont)

LABORATORY

MISSION

Naval Surface Weapons Center
Dahlgren, Virginia 22448

~

Naval Underwater Systems
Center
Newport, Rhode Island 02840

To be the principal Navy Research, Development, Test and
Evaluation Center for surface ship weapnns 52 ' ons, ord
nance, mines and strategic systemns suppurt.

To be the Navy's principal Research, Development, Test
and Evaluation Center for submarine warfare and sub-
marine weapons systems.

ACTIVITIES REPORTING TO THE COMMANDER NAVAL OCEANOGRAPHY COMMAND

Fleet Numerical
Oceanography Central
Monterey, California 93940

Naval Oceanographic Office
NSTL Station,
Mississippi 39529

To command assigned activities; to administer assigrned
oceanographic/meteorological programs relating to collec
tion, analysis, prediction and dissemination of oceano-
graphic/meteorological infurmation requisite to Naval air,
surface, and subsurface operations; to provide technical
guidance in assigned oceanographic/meteorological mat
ters throughout the Naval Service: to insure fulfillment €
other DOD requirements for cceanographic prediction
services; and to coordinate, as directed, research, develop-
ment, test and evaluation related to, and supporting, thein:
tegrated Naval Oceanographic/Mcteorolagical Program.

To enhance the performance o! the Navy by
collecting, analyzing, and displaving oceano-
graphic data (including hydrographic, geophy-
sical and acoustic data) to support Fleet
operations and Shore Establishment commands;
to improve ocean predictions methods, data
collection and analysis, and perform other
related RDT&E; and to assist other Dob and
U.S. activities and allied countries in
training and otherwise meeting their oceano-
graphic requirements.

FLEET
NUMERICAL
OCEANOGRAPHY
CENTRAL




Appendix C
PRINCIPAL ACADEMIC INSTITUTIONS IN THE
NAVY OCEAN SCIENCE PROGRAM

ACTIVITIH.S

NAME
University of Alaska Research in physical and chemical oceanosraphy in
Barrow, Alaska 99723 inland waters of Southeast Alaska aud the Gulf of

Alaska. Air-sea interface studies. Hewonrch in sediment
deposition as it affects long range sound prop o tion,

I"niversity of British Columbia  Fundamental studies and v.ococh in coonn o ohy,
Viancouver, British Columbia Studies of microstructure, air~ci fluves at high wind
speeds, temporal and spatial esolution of mc<o cale
features furthered by participation in the Mised T oover

Experiment in the Pacific and POLYMODI in ol Vocth

Atlantic.
Secripps Institution of Research covering occanic circulation and ~avidulity,
Occanography distribution of physical and cbomicad propertivs, od dic
 University of California cca interaction; theoretical studivs; geological studies; use
l.a Jolla, Culitcrnia 92037 of deep rescarch vehicles. Developnient of oceanogriphie ’:

instrumentation, including radiological instrumentation.
Development of buoy technology. Studies of ¢lectromag-
netic fields, wave interactions and turbulence, physical
and acoustic properties of sedinents. Studies of the phy:ia-
graphy of the oceanbottom asit affects coun L propoation,
Rescarch in data collection, reduction, reports, fiting and
retrieval techniques. Mavine Plivsies Labontory works
mainly in ocean acoustics.

SCRIPPS INSTITUTION OF OCEANOGRAPHY
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NAME

Famont-Doherty Geological
Observatory

Columbin University
Palisades, New York 10964

Duke University
Durham, North Cavolina 27706

University of Hawail
Honolhlo, Hoownaii 96822

John [Hophins University
(Chesapeake Bay Institute)
Baltimore, Maryland 21218

Iowisiana State University
Buaton Rouge Togisiana 70503

Sassechunotts Tostitute of
Technology

Camhridge,

SO sachue s 121539

(Iniversity of Miami
“Mial, Florida 33124

ACTIVITIES

Research on a worldwide basis in geophysics with
emphasis on acoustic properties of sediments, gravity
fields over the occans as they affect inertial navigation,
development of gravity measuring instruments, geomnag-
netism as it affects mapnetie delection, temperature
structure of the ocean floor and its effect an long rioye
acoustic propagation, physiography of the ecean Lottom
and the systematic collection of sediment cores throughout
the oceans, and Arctic topography measurements.

Research concentrated in marine biology, muarine
geophysics and oceanography in the North and South
Atlantic and in the Mediterranean.

Research in physical oceanography and occan currents of
Hawaiian Islands and in marine geophysivsof thetropt ol
Pacific.

Research on ocean dynamics in the coastal conoe with
emphusis on turbulence and internal waves as they atfect
detection systems. Studies of the gencration and growth of
wind waves and their scattering effect on aconstio signals,
Development of mixed layer forecasting tochniques for
ASW planning. Study of chemical and optical propertics of
sea water as they affect optical or high frognency
unduerwater systems.

Overall emphasis is given to the coderstanding and
practical application of knowledye concerning the
physical, chemical, bhiological, geolagic and coonainie
aspects of inshore wetlands and shallow wator mnrine
environments,

Research in geology, geophysics, chemistry, and
engineering., Developiment of oceancpragphic i trieaen
tation, expecinlly pravity mensuring dovices, Stedies of
provity, heatflow, magpetios, and niantle tempersaturn ol
they relate to Tong range connd tronsiaisdons Stedin - of
internal waves, iytht seattering propertios of paontivulites,
and aeoustic tracking in the sound channdl Prediction of
subsurface currents bhased on modelinge technigues,

Oceanographic investigation of tropical and subtropical
regions. Emphasis on structural goolopy, the Flovida
Current, nceanic circutution, geochemistry of theoceanand
sediments, and aivseainteraction processes, Dovelopment
of instrumentation.




NAME

ACTIVITIES

Naval Postyraduate School
Monterey, California 93940

NAVAL POSTGRADUATE SCHOOL

Nova University
Fort Lauderdale, Florida 33314

Oregon State University
Corvallis, Oregon 97331

Pennsylvania State University
fApplied Re: ecrch Laboratory)
State College,

Pennsylvania 16401

ITniversity of Rhode Island
Kingston, Rhade Island 02881

Research covering a broad spectrum of military (primarily
Navy) problems performed by faculty and students. Navy
Commands sponsor thesis and other research in oceanog
raphy, meteorology, air-ocean science, aperations research,
antisubmarine warfave, underwater acoustics and twe've
additional advanced academic programs.

A
T

N

Studies in physical oceanography and ocean scirnces
Emphasis is on modern theories of the circulation of the
oceans and experimental work at sea to study these and
related problems.

Systematic investigation of the estuaries and offshore
waters of the Northeast Pacific. Study of temperatare
distribution, geology and geophysics, local air ~ea
interaction, chemical properties and procescesin thecean.,
Gravity, geomagnetic and chemical studies of the
Northeast Pacific. Computer modeling of self naise in
acoustic arrays. Development of on line computer
techniques for sonar system performance prediction.

Fundamental studies of transimiscion loss, reverberation,
scismic subbottom in both shallow and deep woter,
Research facilities include a large enclosed witer tunnd to
perform hydrodynamic studies such as flow nuice and
cavitation and acoustie studies in support of weapon
development.

Rescarch on backyrround water noicos of hiological ai,in.
Study of occan circulation, peophysical stractunre of oocen
basins, and geochemistry of marvine enviionment.
Theoretical studies of dynamic forces which i Taoce
sound propagation. Studics of contaminant divpor Tonand
trace element concentration, Recearch anc et o1
sedimentation as it relates to do-iprn and tactical wae of

sonar systcems.
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NAME

C e — - [

University of Texas
M;tin, Texas 7812

Texas A&M University
College Station, Texas 77840

[University of Wushington
Seattle, Washington 98195

Woods Hole O nographic
[astitution

Woods Hole,
Massachusetts, (12543

WO0DS HOLE

NCEANOGRAPHIC
INSTITUTION

Full spectrum research and development with effort
for the Navy heavily concentrated in the areas of
sefsmics, underwater acoustics, transducers, and
underwater systems,

Research in the Gulf of Mexico with cinphasis on
circulation, geology and geophysics, «hemical propoertivs,
air-sea interaction, and instrumentation development.
Development of forecasting techniques. Studies of
sediment as it affects acoustic propagation. Develoaent
of remote sensing techniques.

Research on inshore, constal, and open sea areas with
emphasis on physical and chemical oceanography and
model studies. Physical and biologicat oceanopraphy of the
Arctic Ocean. Geomagnetism as it afficts mine warfare.
Studies of nutrient and trace eloment dictrtbintions Applicd
Physics Laboratory conducts reseinvchoand developinentin
undertvater acoustics, internal waves and the offi cts on
sounu propagation, transduccrs, and ioatiuneentation
required for guidance and contiol «ytvims ard for
underwater ranges. Studies include high Doque oy =oind
propagation under ice.

Broad and extensive 1escarch thioash ol the coc nne
graphic disciplines. Studv of ocean circulation for
forecasting, predictions of oceanic <tiacture for ~onar
design, variahbility studices for hnpaosved subinarine
dete tion and assistance in salvapeand oo cne Prodiction
af deoustic propertios as they affect ronar cperations and
Ling ranve sound systems Gravity stadios fornavigation,
1V wtepment of aivhoine envicneaatal studies, baoy
teches oy, and nueesic e o Al sca intorad ion

ol e ASW Stadies st s b ea oo adonty
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