
7 AD-AO99 001 NAVAL OCEAN RESEARCH 
AND DEVELOPMENT ACTIVITY 

NSTL S--EC F/6 S/10
THE OCEAN SCIENCE PROGRAM OF THE U.S. NAVY. AN OVERVIEW.(U)
NOV 79 D J KEEN, H E MORRIS, 0 L DURHAMUNCLASSIFIED NOROA-TN-39 NL2flilflflflfllflfll flfl

I *lillifll.fli.l
EElhEEE|hEEEE
EEEEEEEE.EiEEE
imEEIhEhE.EEEE



Naval ~ ~ ~ ~ ~ 4 GumRnai1EY L'NII~" ORD ihniical$9

ad Devolopmut Activiy l
NSTL Station, MiwssIsppI 39529A)

AND ( The Ocean Science Program
A-4IFof the U. S. Navy, An Overview,

IA
I-xQ

'o

"0 Jake

Hayo __ Y7ZLr

_____n__E.,

an 0 rga Anaysi Groupum

~I~Th~hUY14 007L~N



UNCLASSIFIED .
S E C U R I T Y C L A S S I F I C A T I O N O F T H I S P A G E ( ? e n D a t a E n te r e d ) R E ADI N S T R U C T I O N S

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER 12. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

NORDA Technical Note 39" / - FO!

4. TITLE (and Subtitle) S. TYPE OF REPORT a PERIOD COVERED

The Ocean Science Program of the U. S. Navy-

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) S. CONTRACT OR GRANT NUMBER()

D. Jean Keen
Halcyon E. Morris
Donald L. Durham

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT. TASK
AREA & WORK UNIT NUMBERS

Naval Ocean Research and Development Activity
NSTL Station, MS 39529

I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

November 1979
IS. NUMBER OF PAGES

104
14. MONITORING AGENCY NAME & ADDRESS(II different from Controlling Office) IS. SECURITY CLASS. (of this report)

Unclassified
ISa. DECL ASSI FICATION/ DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of ihie Report)

Unl imi ted

17. DISTRIBUTION STATEMENT (of the abetract enterodin Block 20. il different from, Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side Ift neceeary and Identlfy by bo. nunmer)

Ocean Science Program Ocean Program Facilities
Navy Oceanographic Program Ocean Program Structure
ONR Contract Research
International Oceanographic Programs

20. ABSTRACT (Continue on reveree side If neceaery end Identify by block number)

The report, comprising three principal parts and four appendices, describes

the Ocean Science Program within the context of the Navy Mission Areas. Part I
defines program objectives and requirements and the Navy Mission. Program
organization, management and participants are also covered. Part II describes
research in progress and recent accomplishments in support of the Sea Control,
Power Projection and Support Missions. Part III covers major interdisciplinary
multinational and international programs partially supported by the Ocean
Science Program, and unigue facilities that the Program has either sponsored or

DD JAN73 1473 EDITION Of I NOV 6S IS OBSOLETE
S/N 0102-014-6601 1 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entesed)

I.J



A.

UNCLASSIFIED
.. i. j ti ry CLASSIFICATION OF THIS PAGE(When Date Enerod)

20..can access. In addition to a Glossary, the Appendices include Directories
of Participant Organizations within the Navy and Academia, and a listing (with
photographs) of the principal U. S. oceanographic ships used for the Program.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(Wh.. Dae Ee.Ie.)



II

II

FORE WORD

The Navy Ocean Science Program comprises research
and development in all the scientific disciplines
that oceanography embraces: physics, geology, bi-
ology, chemistry, hydrography, and meteorology as
it involves atmospheric interaction with the sea.
All 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

Iof 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-
ments fill the content of these pages. This report
is dedicated, with appreciation, to them.

j Accession For

K NTIS GRA&I
DTIC TAs

Jus t if icz,- .. .

< ~~Dist rii,uti,.Y . ..IAv Iin -

I -, L - -

Dist :. .

I THE PF."',ESS .-YA

1,r,, , ,



CONTENTS

PART I - PROGRAM OVERVIEW: OBJECTIVE AND ORGANIZATION

CHAPTER 1. OCEAN SCIENCE SUPPORT TO NAVAL WARFARE ................. 1- 1Objective of the Navy Ocean Science Program ...................... 1- 1

Navy Mission Areas ............................................... 1- 1
Requirement for the Navy Ocean Science Program ................... 1- 2
Report Structure ................................................ 1- 2
Organization of the Ocean Science Program ........................ 1- 3
Management and Coordination ...................................... 1 -3I Participants .............................................- 5
International Cooperation ........................................ 1- 6

PART II - OCEAN SCIENCE PERSPECTIVES IN NAVAL PROGRAM DEVELOPMENT

CHAPTER 2. SEA CONTROL ............................................ 2- 1
Surveillance and Tactical ASW Systems ............................ 2- 1
Mine Warfare and Mine Countermeasures Systems .................... 2- 1

Sound Pro x tion .............................................. 2- 2
AbsoAption ..................................................... 2- 2
Ocean Feoor lnteAacti~ on ........................................ 2- 5
Ambicnt No .e .................................................. 2- 9
Mvine Rioaco(w ti z ............................................ 2-10
Von-Acouztic ASr Sftem6 ....................................... 2-15
(,uter *as-sC ................................................... 2-15
Frtont5 and Eddie .............................................. 2-17
Tnt rn e Naves ................................................. 2-19

The ARCTIC ....................................................... 2-19

CHAPTER 3. PROJECTION OF POWER ASHORE .......................... 3- 1
Amnhibious Assault ............................................... 3- 1
Tjd . .......................................................... 3- 1
Coa. tat Cur ent6 ............................................... 3- 3
Surf and Sed-ment Transport .................................. 3- 4
Permote Sening Apptiction .................................... 3- 7-
Beach Reconnaisnce ......................................... 3- 9SBeach Infomation Sitem ....................................... 3- 9

Special Warfare .................................................. 3- 9

CHAPTER 4. SUPPORT ................................................ 4- 1
Environmental Forecasting ........................................ 4- '
Mapping and Charting ............................................. 4- 4
Marine Facilities Construction ................................... 4- 4
Environmental Protection ......................................... 4- 6
Search, Salvage, and Recovery .................................... 4- 8
Other ............................................................ 4-111

PART III - PROGAM INTERACTIONS AND FACILITIES

CHAPTER 5. INTERNATIONAL AND NATIONAL COOPERATIVE PROGRAMS ........ 5 -1
United States Climate Program Plan (USCPP) ....................... 5- 1

................. 5- 2
........ ... .. . ,.o.. . . 5- 2



CONTENTS (cont.)

CHAPTER 5 (cont.)
North Pacific Experiment (NORPAX) ................. 5- 2
POLYGON-Mid Ocean Dynamics Experiment (POLYMODE) ......... 5- 4
Mixed Layer Experiment (MILE)................................. 5- 5
Joint Air-Sea Interaction Project (JASIN) ....................... 5- 5
Indian Ocean Experiment (INDEX) ............................... 5- 6
FRAM (Arctic Research Experiment .............................. 5- 6
Rivera Ocean Seismic Experiment (ROSE)......................... 5- 7
Geochemical Ocean Sections Study (GEOSECS) ...................... 5- 7
High Energy Benthic Boundary Layer Experiment (HEBBLE) ........... 5- 8
Maritime Remote Sensing Experiment (MARSEN) ..................... 5- 9
Norwegian Sea Experiments (NORSEX) ............................ 5-10
SEASAT-A (Ocean Monitoring Satellite)......................... 5-10

CHAPTER 6. FACILITIES OF THE OCEAN SCIENCE PROGRAM ............... 6- 1
Ships .................................................. .... 6- 1 i
Submersibles.............................................. 6- 1
Aircraft and Satellites ...................................... 6- 5
Special Platforms............................................ 6- 6
Other Facilities............................................. 6- 8
Instrumentation.............................................. 6- 8

PART IV - ADDENDA

APPENDIX A. GLOSSARY ......................................... A- 1

APPENDIX B. DIRECTORY OF NAVAL ACTIVITIES PAPTICIPATING
IN THE OCEAN SCIENCE PROGRAM ........................ B- 1

APPENDIX C. PRINCIPAL ACADEMIC INSTITUTIONS IN THE NAVY
OCEAN SCIENCE PROGRAM.............................C- I

APPENDiX D. MAJOR U.S.OCEANOGR.PHIC SHIPS ....................... D- 1
L isting .................................................... D- 1
Photoqrapns............................................... D- 4



CHAPTER 1

OCEAN SCIENCE SUPPORT TO NAVAL WARFARE

OBJECTIVE OF THE NAVY OCEAN SCIENCE PROGRAM as unacceptable. Ballistic missile
submarines, capable of remaining submerged

The objective of the Navy Ocean at sea for extended periods, are in the
Science Program is to provide information forefront of the defense arsenal that
about the ocean and its boundaries for the restrains would-be aggressors. The Navy
design, deployment and operation of Naval is responsible for maintaining the capa-
Warfare Systems. bility and security of the SSBN force.

Naval forces are hardware and technology SEA CONTROL
oriented, requiring large capital investments
and 5 to 15 years' leadtime from new concept The Navy's principal programs for
approval to Fleet introduction. Major mastery of the sea control mission are in
weapons and support systems have an opera- the areas of ocean surveillance and anti-
tional lifespan of 10 to 20 years, although submarine warfare (ASW). Both employ
improvements are commonly backfitted. An systems and techniques acutely sensitive to
important concern in all new developments environmental effects. These areas place
is to exploit the opportunities and minimize the most difficult and extensive require-
the constraints imposed by the operating ments on ocean science and technology.
medium - the ocean - on any particular
system or platform. The Ocean Science Sea denial, or preventing the enemy
Program provides the technology base from use of the sea for his own military or
which the Navy engineers, strategists and economic purposes, is another facet of sea
tacticians can draw to insure that the control. Sea denial is accomplished most
Navy carries out its mission responsibil- often bymeans of barriers or blockades set
ities for the national military strategy in up to deny enemy naval forces access to the
the most effective manner. open sea, taking advantage of geographic

"choke points" wherever possible. Offensive
NAVY MISSION AREAS mining, a principal tactic employed in

barrier/blockade operations, is another
The essence of the Navy responsibility warfare area heavily dependent on ocean

to national military strategy is defined by science and technology. By extension,
the mission areas: mine countermeasures -- responding to eremy

9 Strategic Deterrence attempts to interdict shipping and naval
* Sea Control movements by mining harbor entrances and9 Power Projection strategic choke points -- is also a sea
* Support control function requiring environmental

*Spotsupport.

Sea control is the Navy's fundamental

function. The Strategic Deterrence, Power POWER PROJECTION
Projection, and Support missions are shared
with the other services. Power projection by Naval forces covers

a broad spectrum of offensive operations:
STRATEGIC DETERRENCE strategic nuclear missile firing; tactical

employment of carrier based aircraft
As a principle of military strategy, against land targets; bombardment of enemy

deterrence is only effective as long as a targets ashore; amphibious assaults
potential aggressor sees the risk to himself carried out by Marines or by Army units



transported in Navy ships; and in peacetime, the ocean environment, the Ocean Science
showing the flag as a psychological ploy Program has an obligation to ensure that the
to alleviate tension, evince support, or needed data or knowledge can be obtained
demonstrate capability, with adequate quality.

SUPPORT Clearly, every need cannot be antici-
pated, or even if anticipated, met.

Support comprises the command, Priorities are established within the
intelligence and logistic functions Defense Department and the Navy that impact
necessary to effect the deterrent, sea on the research program and provide
control and power projection objectives direction. Consequently, it is important
successfully, and maintain the Fleet in a that close ties be maintained with the
state of operational readiness, oceanographic programs sponsored by other

Federal departments so as to derive maximum
REQUIREMENT FOR THE NAVY OCEAN SCIENCE benefit from these efforts. The ultimate
PROGRAM responsibility is to ensure that information

generated by the Ocean Science Program is
Navy leaders have the responsibility to properly interfaced with more advanced

look ahead, forecast future requirements and levels of development so that research
set in motion programs that will shape the results are exploited expeditiously and the
Fleet of the future and ensure its readiness, program is continually aware of potential
An integral element of such planning is a problem areas for which new forms of
broad, strong base of ocean science. Devel- environmental support are needed.
oping that base is the purpose of the Navy
research and development program in ocean REPORT STRUCTURE
science. The program is conducted at
several levels leading to operational There are four sections to this report.
capability at Navy laboratories and con- The first discusses requirements for a Navy
tractor facilities to meet specific require- Ocean Science Program and the organization-
ments of emergent systems and provide a al makeup of the program. The second des-
fund of bas-c technical information and cribes the current Program in the context of
support. the Navy's mission responsibilities to

national military strategy. Major inter-
Provision of required environmental national, multidisciplinary research pro-

information, or environmental support, has grams in which the Ocean Science Program
many ramifications. Questions of systems participates are summarized in Section III,
designers about constraints the ocean together with a discussion of some of the
medium imposes on new concept weapons unique facilities and instrumentation de-
systems must be answered. Requirements of veloped. The last section comprises
Fleet operations for system performance Appendices listing major program partici-
predictionG and operational doctrines must pants and principal research platforms.
be anticipated and satisfied. In all, Navy
ocean science seeks understanding of the Owing to the sensitive nature of
processes that govern ocean and coastal activities relating to the Strategic
dynamics and by which oceanic properties are Deterrence mission, a separate account of
distributed in time and space. Boundary Ocean Science Program support in this area
interactions and the associated process has been omitted from Section II. It will
are an important part. Navy responsibil- be clear to the reader, however, that many
ities extend to operations above, on, and of the research and development objectives
in the sea, on the sea floor, in the coastal of the Program address more than one of
zone, and in the Arctic. If any of these the mission categories. This is especially
operations has a better change of success by true of ocean modelling and instrumentation
employing particular data or knowledge about system developments, which have important

application to all four mission areas.

1-2
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ORGANIZAT13N 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 Operation
titles generally indicate the type of work Program is managed and condjcted by the
being done and its purpose. Naval Oceanography Command, which encompasses

the Naval Oceanographic Office (NAVOCEANO)
I 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.

I Exploratory Development
directed technology base for optional MANAGEMENT AND COORDINATION
syst-em designs and proposed operating
doctrine: Management of the Navy research and
o Ocean Environmental Support development programs in oceanography is
o Ocean Acoustics coordinated at the Secretariat level by
o Environmental Remote Sensing the Assistant Secretary of the Navy for
o Polar Environmental Support Research, Engineering, and Systems. For
o Environmental Protection budgetary purposes, the Navy's total

Research, Development, Test and 'valuation,
I Advanced Development (RDT&E) Program, which includes ocea ,,-

specific technology system develop- graphy, is Program 6, and is structured
ments to meet Fleet operational in six levels (6.1 through 6.6) of
requirements: ascending operational readine,.
o Oceanographic Instrumentation

Development Level 6.1, Research in Ocean Sciences,
o Long Range Acoustic Propagation - provides the fundamental scientific know-

Surveillance ledge and understanding required for
o Long Range Acoustic Propagation - conceiving future weapon and defense

Tactics systems for optimum design and efficient
at-sea operation. This essential

The Chief of Naval Research is the scientific and technoloqical base is
principal sponsor for the Ocean Science Pro- accumulated through studies and experiments
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,
Naval Material through the Deputy Chief of biological and chemical oceanography,
Acquisition. The Chief of Naval Operations, marine geology and geophysics, underwater
OP-095 (Director, Antisubmarine Warfare and acoustics, coastal geography, polar
Ocean Surveillance Programs), sponsors the research, biomedical research a,!
advanced development tasks. instrument development.

There are two other programs that, with The major thrust at the Pe',ear, h levcll
the Ocean Science Program, comprise the and the great majority of funds, (ire evrteJ
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 fore(,ited naval

1-3
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requirements. One small fraction of the of Navy Technology. Ocean science or
effort is speculatory: to explore and engineering that supports specific weapons
exploit any possibility, however remote, of and defense systems, or classes thereof, i,;
a "breakthrough" with significant payoff. controlled by Program Managers in the
The 6.1 Program is directed and managed by appropriate Systems Commands, whose
the Chief of Naval Research through ONR, NRL functional responsibilities are defined
and NORDA. Program management in ONR by the names, Air, Sea, Electronics
resides in the Ocean Science and Technology Systems and Facilities Engineering
and Arctic and Terrestrial Sciences Divisions, Commands.
which are staffed with experts in the
principal oceanographic and earth sciences Biomedical research and development
sub-disciplines. The research is accomp- is managed by the Bureau of Medicine; deep
lished primarily by non-profit and academic ocean search, rescue and recovery is
institutions with strong oceanography sponsored by the Deputy Chief of Naval
departments on a contract basis, and the Operations for Submarine Warfare (Deep
efforts are seldom identified with Submergence Systems) and is managed by
particular weapon systems or warfare areas. the Naval Sea Systems Command.
At NRL and NORDA most of the research
programs are carried out by the staff Level 6.3 Advanced Development, is
of the respective laboratories and are the highest level at which ocean science
remotely related to systems. research and development retains a unique

identity. At this stage, options have been
Level 6.2, Exploratory Development (ED), limited to a few, usually single-system

draws upon the 6.1 technology base for more concepts for which additional information
operationally oriented objectives in support is needed for design, criteria and prelim-
of Navy systems: torpedoes, sonars, mines, inary operating doctrine. Current
etc., or warfare areas: amphibious oceanographic R&D in this category supports
antisubmarine, antisurface, et al. surveillance, tactical employment of

sensors, and acoustic measurement systems,
The goal of 6.2 is to provide a and is managed by the Chief of Naval

technological base from which options can Research for the Director, ASW Systems and
be selected for improving present undersea Ocean Surveillance Programs and the Naval
warfare systems and developing new ones. Electronic Systems Command (NAVELEX).
Engineering aspects are directed toward NAVELEX directly funds and manages underwater
enabling the Navy to operate within the acoustic research pertinent to the engineer-
oceans at any depth, location, and time. ing and data processing aspects of
More selective in approach, 6.2 work surveillance systems.
includes research and development on
materials; search, rescue and recovery Major system developments requiring
systems; environmental prediction, and multidisciplinary technology bases are
weapon system support. The 6.2 RDT&E common throughout the Navy acquisition
Program in toto is the responsibility of process. In the early R&D stages one or
the Assistant Deputy Chief of Naval Material another of the Program Managers generally
(ADCNM) for Technology and Laboratories. is designated to take the lead. In an
Work is performed principally by Navy in- equally common situation, where essentially
house laboratories and industry. The the same technology base can satisfy
Director of Navy Laboratories (DNL) requirements of several system developments,
manages and administers "independent" the concept of "Block Funding" is being
research and exploratory development funds practiced. In such cases, a single 6.2
which are dispensed to investigate Program Manager (who may be in a Systems
intriguing new concepts or provide answers Command Headquarters or at one of the
that can fulfill a limited need. The bulk Navy Laboratories) administers the effort
of 6.2 funding is managed by the Director for a variety of users.

1-4
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The Naval Oceanography Division (CNO PARTICIPANTS
OP-952) is the focal point for general
information about the Navy's total program Of seventeen Navy laboratoies, c,rs
in oceanoqr-aphy. The Division Director, as and facilities that perfnr . r. edr.
Oceanogra,-er of the Navy, interfaces with development in science, ieuhrls! an,
the National Ocean and Atmospheric Adminis- engineering, twelve arI involve.U !o ,o ;>e
traiton (NOAA), NASA and other Federal extent with the ocean sciences. Major
Agencies sponsoring mission-oriented programs are conducted at the Naval (cearn
oceanographic programs; represents the Systems Center (NOSC), San Diego, California.
Defense Department on interagency Naval Underwater Systems Center (USc,,
oceanographic matters and the United States Newport, Rhode Islan,:i X ava Pesearch
at certain international functions. Under Laboratory (NRL), Washington, DCi nd i
C,,-952 direction the Commander, Naval Naval Ocean Research ard Developrent
Oceanography Command, commands the Naval Activity (NORDA), near Bay CS. Loui,,
Oceanographic Office (NAVOCEANO), the Fleet Mississippi. Appendix B list ,, t a
uhierical Oceanography (formerly Weather) activities engaged in ocean science

Central (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 Explcratory
The Navy in-house laboratories are Development or higher levels of direct

organized for specialization in various system or Fleet support.
classes of weapons and defense systems --
surveillance, anti-air, surface, undersea, The Ocean Sciences of rcra - af
coastal -- with one major center primarily ONR is contracted to seventy 'riate and
devoted to ship design and another to civil academic institutions of which the
engineering problems of structures and Universities of California, 'aaii lia-li.
installations. Since many system develop- Rhode Island and WashingL r.; C ,n1hi,
ments require similar oceanographic inputs Louisiana State, Oregon State -rid T"exas
from the biological, acoustics or geophysics A&M Universities; the Massachuset
bases, and so on, it is not uncommon to find Institute of Technolog; and -h mlLkds
two or more Systems Commands sponsoring an Hole Oceanographic Institu i.,, are t
integrated R&D program at the laboratory principal performers. A .,.ore inclUSI'
where that particular area of needed listing can be found in Appendiv
expertise resides.

Continual interaction exists i,'"n, thc
The Director of Research, Development, universities, private institutions, .1111 tIe

Test and Evaluation (RDT&E) of the Chief of Navy laboratories, as well as bct,.cen
'aval Operations provides policy and many of these and the Fleet. This is
development planning guidance for the naval especially true of the wnrkin., cienti~ts,
research community, indicating where new engineers and the growing cadre of naval
thrusts are needed, the geographic areas officers who hold advanced deores it
of priority and force structure rationale. oceanography and related fields.
When system developments reach a stage at
which they are ready for test and evaluation Many of the Navy laboraturies hiave.
under simulated war-time, "real-life" established Support Offices or T  o..: tc
conditions, the Director of RDT&E validates interact with Fleet commands, res iun tf
the readiness of the system for operational special problems with "quick fixe,:" incsofar
testing. The Director manages and admin- as possible, and maintain a (onstant awarf_-
isters the funding for such evaluations and ness of Fleet requirements in the operational
plays a prominent role in deciding the milieu. Additionally the Ny,vy crienre
ultimate fate of a system -- go ahead, more Assistance Program (NSAP ' provides senior
P&&[, or terminate. technical personnel from the lahnrato t.

I-5
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system to major command headquarters in Navy oceanographic officer among its
order to develop an appreciafin of Hleet Directors). The Office of Naval Research
needs and refer these to the appropriate branch offices in London and Tokyo assist
laboratory for resolution. While both the in the international exchange of
Fleet Support Groups and NSAP cover the information and explore new a eas for
entire spectrum of Navy science and techno- cooperative research; the staffs include
logy, oceanographically related problems special competence in ocean science.
are not uncommon. One on-going project is
a multi-lab analysis of the tactical Cooperation is also extended through
significance of oceanic fronts and liaison with the Anti-Submarine Warfare
mesoscale eddies, responding to a request by Research Center in La Spezia, Italy, which
Commander-in-Chief, Atlantic Fleet. The is operated by the Supreme Allied Commander,
Naval Ocean Systems Center, Naval Underwater Atlantic, as a support arm for the North
Systems Center, ONR contractors, and the Atlantic Treaty Organization, NATO.
Naval Oceanographic Office are cooperating Research at the SACLANT Center pe-tains
in this effort, under the overall direction primarily to enhancing the overall ASW
of Op-952. posture of NATO in the seas adjacent to

the member nations. The Center has a
INTERNATIONAL COOPERATION small permanent staff; however, most of

the personnel rotates for 2 to 3 year
The Ocean Science Program sponsors and assignments from the research organizations

engages in various types of international of the countries. Currently the Deputy
activity: experimental projects, data Director is a civilian scientist who
exchange agreements, scientist exchange has long been an ONR contractor. Every
programs, workshops arIA symposia. The Navy two years (approximately), the SACLANT
has been a party to data exchange agreements Center coordinates a NATO Military
with over forty countries in Europe, Asia Oceanographic field program (MILOC) which
and South America individually or through is conducted by member representatives to
such channels as the National Oceanographic investigate a particular naval oceanographic
Data Center and International Hydrographic problem. Planning is now underway for
Bureau (which currently includes a retired MILOC 80.
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CHAPTER 2

SEA CONTROL

Sea Control is the sole responsibility stand the acoustic properties of the ourdr
of the Navy and its fundamental misqion. Sea well enough to be able to specify the
Control does not imply complete control of acoustic environment in which surveillance
all the seas all the time, but rather, the systems must operate. The success of long
capability to find and neutralize the enemy range passive systems is dictated by
wherever and whenever necessary. Enemy opportunities and constraints imposed by
submarines, fast, quiet and deep, are the the environment, and such systems require
principal threat to Sea Control. The Navy reliable assessment of the resulting
spends a substantial share of its R&D dollars environmental acoustic factors. Short-
to improve its antisubmarine warfare (ASW) range passive systems depend upon direct
capabilities, which are highly dependent path propagation but are also affected by
on the effectiveness of the acoustic systems bottom reflection and transmission. Systems
used for submarine surveillance and operating in shallow water are sensitive to
localization, and for weapon guidance. bottom interactions and require extensive

measurements of bottom loss, sound speeds
Sound travels fast and far in the ocean; and ocean bottom topography.

under some conditions a detectable signal
can propagate for thousands of miles. The MINE WARFARE AND MINE COUNTERMEASURES SYSTEMS
behavior of sound in the sea, however, is
governed by the properties of the water Mines are designed to meet three
and their distributions, and by the charac- principal operational objectives: blockage
teristics of the ocean boundaries - the sea of enemy ports and coastal sea lanes;
surface and the bottom. Thus, a significant defense of our ports, coastal sea lanes and
part of the Ocean Science Program is devoted near-shore operating areas; and control of
to understanding these environmentally open ocean and strategic passages. Mining
caused effects and the dynamic processes in very shallow water requires knowledge of
that determine their occurrence. the environment which is obtained by

detailed surveys not requiring R&D. Mines
SURVEILLANCE AND TACTICAL ASW SYSTEMS operating in the open ocean and strategic

water passages are sensitive to the
The primary objective of ocean science environment and receive environmental

undersea surveillance support is to under- science support. The requirement for

VPAA7UVA -bAldoo oA the aeu AL'wAit.t CaAeA - ohkvmd bueC d~tooI
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widespread pressure fluctuation .ieasurements been iiade in computer-assisted modeling.
in deep water is expected to induce Normal mode theory, ray theory, pardbolic
cooperative efforts with other governmients equation and other approximations to the
and agencies to share the survey burden. familiar wave equation have been developed
Engineering developiient of a pressure i;ine to provide rapid sound propagation iodeling.
imecnanisol for deep ocean exposure seems FACT (Fast Asymptotic Coherent
teasible and will perit the use of long Transmission), a ray theory miodel with
endurance, remotely implanted instruments, caustic corrections, has been certified as a

Mine counterineasures is the other face of standard model for general use. Computed
tie mine warfare coin. Mine-hunting sonars ray paths of sound and sound propagation
are highly directional sensors whose design losses are shown for illustration.
and operation use a spectrum of
environmental input: the density and nature ABSORPTION
of false targets, e.g., fish schools, wrecks
and echoes due to various types of bottom Early experiments thirty years ago
roughness any of which way obscure the estaolished that the absorption of sound in
wanted target. The strong salinity and sea water was higher than in pure water.
temperature gradients coaion in shallow Further experiments attributed this
water may seriously alter the propagation increased absorption to the interaction of
paths of the mine-hunting sonar thus the sound wave and dissolved salts in water.
dltering its coverage, and suspended Continuing investigations have confirmed
particles that cause high turbidity in that three distinct attenuation mechanisms
coastal areas scatter sound and cause exist for the frequencies of interest to
reverberation that can mask a true target Navy underwater systems. Froii 10 to 200 kHz
return. Sea and swell chanyes affect nine absorption is due tiainly to a magnesium
pressure mechanisms. mine burial and under sulfate (MgS04 ) chemical relaxation process.
ice location present other countermeasure Temperature and pressure dependency exists
difficulties. but the exact relationship has not been

determined. Below 10 kHz it has recently
SOUND PROPAGATION IN OCEAN WATERS been confirmed by laboratory measurements

that absorption is due to a boron chemical
For the Navy to optinize the design and relaxation process. This process appears to

operation of sonar systeis, the effects of be a buffering reaction and hence is
the ocean environmient and its boundaries on sensitive to pH. Measured pH at the sound
sound transmission and noise ust be channel axis can explain variations of a
understood well enough to predict the factor of two or oore in the boron
behdVior of a particular sonar at a specific absorption throughout the world's oceans.
IOCdtion for a given timme. Acoustic At low frequencies, scattering due to ocean
propagation research is concerned with the inhomogeneities and sound channel
identification, efficiency, and distortion diffraction may introduce additional
of the many paths oy which sound M ay travel attenuation. This is a very difficult
from a source to a receiver in tne ocean. region to isolate attenuation due solely to
Acoustic energy does not travel along absorption but the bulk of data does
straight paths but is refracted by indicate a frequency independent component.
vdridtions in sound speed of the water and A new equation for sound absorption in
the underlying sediments and reflected by sea water has been developed, based on
the ocean surface and sea floor to produce a earlier acoustic absorption work on boric
cuplex pattern of sound intensity variation acid and magnesium sulfate. A reanalysis of
Dotn in space and time. the pressure dependence of absorption in

Reliaole prediction of ocean acoustic M9SO 4 solutions and pure water provides a
processes will not be completely in hand for closer fit to the observed pressure
another decade or more because of the dependence of absorption in the ocean than
serious gaps in environmental data needed as earlier predicted. On the basis of this
model inputs. Significant advances have analysis, there appears to be some evidence
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RANGE (NI)

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
ZONES. MANY RAYS THAT REFLECT FROM THE SURFACE AND THE BOTTOM OF THE OCEAN ARE
NOT SHOWN.

~n

S'

! - -

RANGE (NM)

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.

I-- / -
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0 PROFILE 3

SOUPROFILEL3 
2

Ii SUDS VELOCITY PROFILES DERIVE:D FROM THE
3- TEMPERATURE MEASUREMENTS SHOWN ON THE

, PREVIOUS PAGE. THE STRAIGHT LINES RE-
PRESENT THE SOUND SPEED PROFILES USED

w' IN THE PROPAGATION LOSS MODELING COM-100 PUTATIONS SHOWN BELOW.

IS L0/ I I
1401500 1510 Z

SOUND SPEED. M/SEC

TRANSITION FREQUENCY: 1.5 kHz

VOLUME SOURCE DEPTH: 38 M

80 % 
RECEIVER DEPTH: 47 M

co

L 

PROFILE3

010

CUVE LABLE PROIL 1 AN R~L R H HOEICLPOATON OSE
CACLAE USOING AI OMLMD OE IHECHPOIE H OI UV

MAC0 HOG RNIIOA RFL N NIT PROFILE 3 IETENRA

S SOUND-SPEED .;.. .

ME OEPROFILE 1S-BOUNDARIES

010 20 30

RANGE, KYD

SUDS DATA SHOW THE EFFECT7 OF AN OCEANl FRONT ON PROPAGATION LOSS. THE SOLID
CURVES LABELED PROFILE I 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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9) HIGH LOSS ROCK PLUS SEDIMENT

110 ,0HZ 4

Z IrV ' .
o120 l>.n

m 140 ~ 5HZ

(. 50 1 00 150 2w0 250 300 350 4W0 450 5
RANGE KMi

TRANSMISSION LJSSES FOR A COMBNED ROCK-SEDIMENT BOTTOM ARE COMPARED AT
FREUENCIES O 5 HZ AND O HZ TO A RANGE OF 500 KM. THESE FREQUENCIES FALL
:N THE TRANSITIONAL REGION OF AN ENHANCEMENT EFFECT THAT IS ZERO AT LOW
FREQ,ENCIES, RISES RAPIDLY AT 7.5 HZ AND LEVELS OFF AT HIGH FREQUENCIEF.
AT FREQUENCIES ABOVE 7.5 HZ, THE 4,AVELENGTH IS LESS THAN THE SEDIMENT LAYEC"
THICKNESS, AND IT IS PRESUMED THAT PROPAGATION OCCURS VIA UPWARD REFRACTING
RAYS WITHIN THE SEDIMENT LAYER. THESE RAYS ,UFFER LITTLE ATTE'NUATIC:'. F;))M
TrE SEDIMENT.

.9 10 Hl

11u.

o , !" • " ,.

160'1630 1 . .

0 so 10~) 0 so 2 N) AX) ) . 4 4 X) 4 &1) c
RAN(AI KM

WHEN THE ROC I OF THE HIGH. ATTENIJATI")N TYPE A, U)f [ HfR[, T4f FRI-jE A i
AND THI. ,NESS OF 1,EDIMENTl, I', RITI' A[ TRAN',MIY',I( N 10',') FOP A t PEI P()G

CASE IS COMPARI. D WITH rA'j , FoP A P(m . WIT, ',IDIMIN T IAYiH )f i,1: " " ,' ,
100 METERS ,,N;) ,'( ME f R,. TRAN',MI . , , 1 . rFIP'T Al ;'J P i' , , N
NfCR' ASINC Fli T I ON H) AYP "'I( Y[.



SI,' j 'v

* vj . N

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

LARGE-PARTICLE SEDIMENT TRAPS BEING
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.

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 TRIPOD.
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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-
UREMENTS. THE HEAVY DASHED LINE SHOWS
THE LOCATION OF THE FRONTAL SURFACE AT THERMISTOR CHAIN AND HOIST (TOTAL WEIGHT
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.

db.

......... ....... ,'

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

Developments in underwater inoored MARINE BIOACOUSTICS
acoustic sensor systems such as Acoustic
Data Capsule (ACODAC), Moored Acoustic Buoy Another phenomenon important to
(AABS) and Ahioient Noise Buoy (ANB) as well surveillance (and tactical) sonars is thc
as tne vertical array on FLIP are increasing scattering of sound energy by some animals
our knowledge of ambient noise depth and plants of the ocean. Some larger marine
dependence and vertical directionality in animals (whales, sharks, and others) and
the deep open ocean. schools of smaller fish may produce echoes

A deep ocean data acquisition system, that resemble submarines or torpedoes.
oirectional AJTOBUOY, is unique in that it These have long been a difficult problen
is completely decoupled from the ocean because of their occasional appearance and
boundaries. Because it moves with the water highly variable nature. Some of the smaller
mass, and unaffected oy surface wave iotion animals of the ocean that are diffused
tine array is unperturbed so that sources of through the upper 1000 meters of the ocean
self noise miay be greatly reduced. A weight also scatter sound, a phenomenon known as
carries the nearly buoyant system to a volume scattering. This scattered sound
selected depth where it is released (as deep limits active sonar perforoance, and under
as oU00 meters). A depth sensor provides some circumstances can obscure submarine
signals to control the valving of light and echoes completely. From past research we
heavy fluids to achieve neutral buoyancy at know that some of these animals,
the depth at which data recording coimmences. particularly those who have some sort of
Subsequent depths are achieved by valving gas-filled sacks as part of their depth
heavy fluids to permit ascent and then control apparatus, congregate at nearly the
oallasting about the next programmed depth. same depth by species to form layers that
Tne Directional AUTOBUOY has been tested and are readily distinguishable on echo sounding
recently deployed in joint U.S./New Zealand records. These are the so-called deep
197B exercises in the Fiji dasin area of the scattering layers. These animals seem to
South Pacific. prefer depths dictated by some combination

The Prograimable Acoustic Recorder (PAR) of light intensity, temperature, and
is a iiidwater vertical measureient system pressure. Thus they migrate toward the
capable of long-term unattended operation in surface at sunset and at sunrise go down to
oth snallow and deep regions of the world a depth that appears quite the same from day
oceans. This multichannel system operates to day when viewed over a period of several
to depths of 6000 meters and can be used to days. Several years ago a decision was made
record throughout the water column acoustic to monitor the behavior of the layers over
paraeters such as ambient noise, bottom several years. This study, called Ocean
loss, propagation, and vertical Acre, was one of the most comprehensive ever
directionality. The PAR system evolveo from undertaken. It was completed in 1977. The
the ACODAC which was first used in 1971. Program characterized volume scattering
Tne major second generation developments profiles measured acoustically and
that nave oeen incorporated into PAR are successfully predicted scattering strength
microprocessor control, nodular hydrophone profiles from net trawl data on 55 species
array construction, and modular payloads, of air oladdered ,nidwater fish collected

The VEKA (Versatile Experimental Kevlar during different years and seasons within a
Arrdy) light-weight hydropnone arrays can be defined area near Bermuda. Volume
easily deployed in various configurations scattering strength was measured at selected
from non-dedicated ships. The arrays use frequencies from 3.35 to 15.5 kHz to
light weight Kevlar cables, miniaturized low determine diurnal, day-to-day variability as
power electronics, and special hydrophones a function of frequency. Variations among
suspended either in the vertical or profiles from different seasons or years
horizontal mude which are individually wired were signifivantly greater than those among
directly or transmitted Dy multiplex the day-to-day profiles. A simple
telemietry back to the ship. prediction model using air-bladdered fish

abundance correlated well with measured
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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 P-
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. THE BOTTOM CURVE REPRESENTS WIND SPEED
VARIATIONS RECORDED SIMULTANEOUSLY WITH
THE AMBIENT NOISE AT 1, 5, AND 1 HZ
FREQUENCIES IN THE BURMUDA AREA DURING

SWINTER CONDITIONS. THE GENERAL SHAPE' ; i OF THE AMBIENT NOISE LEVELS RESEMBLES

i' 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-

VEKA 11-22, ONE IN A SERIES OF VEKA NATION.
ACOUSTIC ARRAYS, USED FOR AMBIENT NOISE
MEASUREMENTS AS WELL AS OTHER ACOUSTIC
MEASUREMENTS.

2-12
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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

DISTRIBUTION 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.

2-13



THE HIGH LOSS AT LO/, , F,
SHOWN HERE AT SMALL C;FRAZII
ANGLES IS DUE TO COLPLI>G 0F
ACOUSTIC ENERGY INTfl A ;0555K
WAVE, THIS HIGH LOSS CAN EF-
FECTIVELY BLOCK OUT LONC PSY
SHIPPING NOTSF

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

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
BOTTOM INTERACTION.
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acoustic profile data. The success of the fields is long, and only a few will be
iauoel is attributed to the observation that cited: the internal wave generated by the
5b species of fish appear to serve as a passage of a submarine, its magnetic field,
reliDole index to the total population of its electrical field, its response to low
potential scatterers within the insonified frequency electro,iagnetic fields, to light,
volume. to radar pulses, various chemical

The Ocean Acre Experiment was carried out possibilities, and so on.
in Out one geographic area. Other prograus Many of the i mplied methods have been
inoicate that there are significant used to find submarines in staged exercises,
contrasts a.iong different water masses, but regardless of the outcome a principal
changes of latitude, and probably several obstacle to success has been the natural
scales of oceanic phenomena. We know little noise field, and our general lack of
aoout geogrdpnic contrasts of this sort knowledge about it. All of these noise
compared, for example, with our knowledge of fields are proper objects of study to ocean
Jepths of the ocean. science. Together their understanding forms

Sounds generated by submarines or ships an important research objective for the
detectable by passive sonars i,,ay also be Navy. The answers to many if not all of the
obscured oy sounds generated by marine questions about these noise fields are to be
organisias. This complex subject has found in understanding physics and chemistry
received considerable attention in the past, of the waters of the ocean. In what
dnd various of its pheno;mena remain a highly follows, these matters are reviewed
effective constraint on sonar perfor;ianc in indicating the general aspects receiving
particular situations. Like the false emphasis at present and probably in the near
suoDarine echoes from whales, sharks and future. Most of these research objectives
fish schools, it appears highly variable and are significant both to acoustic and
not predictable to tne sonar coi nunity. As rnon-acoustic methods of submnarine detection.

exa ,ples, all cetaceans (whales and
porpoises or aolpnins) produce sound, some WATER MASSES
at very igh levels. Certain shrimp and
nektonic fish also make sound that can cause Water masses throughout the oceans are
local or short ter, proole Is for sonars. characterized by various physical and
For these reasons a significant effort chemical properties such as oxygen,
continues oin the acousticdl properties and salinity, temperature, sound velocity, etc.
benavior of hIarine organisms which ictively The jeographic distribution of specific
or passively alter the operational water masses, their formation, and
efficiency of the Navy's underwater acoustic circulation within the world oceans have
surveillance, guidance and communications long been studied using various ocean water
systelis. properties such as oxygen content,

temperature-salinity relationships, and more
iNON-ACOUSTIC ASW SYSTEMS recently trace materials such as carbon

fourteen (C14 ), tritiui~i, fluorine, etc.
The competitive pressure among potential Such water masses, which are formed and

adversaries in our world and a gradually driven by winds and by heating, cooling,
ure polluted environi ent (acoustic noise evaporation, and precipitation, circulate on

pollution in this instance) 11ay well various time and space scales, among which
seriously impair the efficiency of sonar are the great gyres of middle latitudes, the
systemms of the sort that are reasonably west-wind drifts of high latitudes, and the
successful today. Hence there is always deeper flows carrying denser waters of high
pressure on ASW specialists to De sure that latitudes into the central oceans, from
tney are not disregarding other potentially ocean to ocean and froim basin to basin.
useful ways of detecting and tracking From a better understanding of the nature
Submarines. Especially the U.S. Navy does and magnitude of the general circulation,
not want to be second in such a developient estimations of the balance of exchange of
race! The list of candidate influence water, heat, salt and nutrients within the
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CIRCULATION iA 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).

o r , , 'A.
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A SIMPLE, RAPID, INEXPENSIVE SHIPBOARD METHOD FOR TRACING WATER MASSES USES
MN-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.
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great Oceiin syste.s can De realized. Such and eddies have been difficult and expensive
realization can provide a proper background to monitor using standard shipboard
against which tneoretical examinations and iieasureinents. Satellite sensors monitor
detailed nui;ierical ,.odels can be developed ocean surface features in the
nore efficiently and iore effectively to electroagnetic spectrum and therefore sense
i prove the Navy's understanding of the to maximum depths as little as a millimeter
world oceans, its circulation patterns, and below the surface or at most penetrate to
its environmaental effects on Navy systems tens of meters.
and operations. In the past, atmospheric interferences,

Oceanographic surveys of the chemical and i.e., moisture, clouds, and aerosols, have
physical parameters of salinity, been limiting factors in time-series
tetaperature, pressure and/or depth provide observations of the relatively subtle ocean
i nforlati on concerning the density surface temperature gradients. In 1978
distribution and physical characteristics of SEASAT-A was instrumented with microwave
varijus water ;,lasses in the ocean. The sensors, which are capable of viewing the
.,ove:;3ent of water masses in the deep ocean ocean surface through clouds. While the
can De estimated or inferred from a SEASAT-A results were encouraging during its
Knowledge of the water's density structure short life much more research will be
in the earth's gravitational fiec0 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 voluiae of water ocean.
trdnsported in a determined direction, and With respect to its application to
in ,adily cases the origin of such water tactical ASW this relatively new technology
masses can De estimated. Sucn information has not yet been adequately evaluated. How
fur the world Ocean allows the determination reliable is this information for input to
of general circulation patterns of the major acoustic prediction determinations? Surface
currents, exchange rates of various water values "lust correlate adequately with
masses, Jeep circulation characteristics, temperature and density structures in the

and seasonal and long-period variations of water coluan to define changes in acoustic
maajor current regimes. Oceanic regimes 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 i:,ipact the Navy's surveillance satellite derived information into the
and ASW miissions are also located and environmental data base for acoustic
studied oy these ethods. Several predictions. With established correlations,
cooperative oceanographic programs are the satellite data can be used to complement
discussed in Chapter 5 which include studies and render mtiore efficient, low density in
of larje-, small- and iiicro-scale water situ sampling in deriving acoustic
structures that have received considerable forecasts. The availability of these data
empnasis during the past few years. will then permit assessmients of range

dependent acoustic prediction model s and
FRONTS AND EDILS determinations of the feasibility of

operational shipboard utilization in areas
The Navy is investigating the where fronts and eddies exist.

characteristics of fronts and eddies in the Spatial temperature changes are sm-iall
ocean to determine how and under what over a large portion of the ocean but there
conditions they ae fored and their impact are localized areas where extree
on present ASW systems. Environmental variability in the thermal profile down I.o
satellite imagery provides the Navy with a 300 maeters is found. These areas are in the
capaoility to view the ocean surface vicinity of ocean fronts where perturbations
synoptically at frequent intervals. This moving along the front may break off to form
capability is particularly useful w eddies of wari,i or cold water that drift
temporal and spatial mesoscale variaoilitie, slowly in an alien water iiass. These eddies
of water mass boundaries (sucn as fronts) may last from a few weeks to more than a
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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 EXT5 NT OT THE PATTERN TO DECREASE 30%. IN ADDITION
THE PEAKS AND TROUGHS ARE 180 OUT-OF-PHASE IN ONE PLOT RELATIVE TO THE OTHER.

1

Ii

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.
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year. work in progress is directed dt relates directly to three wdrfdre jrej,,
evaluating, both analytically and Surveillance, Ant Isubmari ne Wdrfare, d nd
nu:,erically with tie aid of computers, the Coastal Mine Warfare.
effects produced by these disturbances on Arctic research studies require SpectIdI
single acoustic receivers dnd arrays of approaches to accoiinodate ice behdvior dn(
hydropnones. When a reliable model is the extremes of high IdtltjleS. ; )r
developed it will be possible to predict to exa'iple, ambient noise in tne ArL'IL IS
what extent the ASW forces will encounter unique. The ice canopy is costantly under
probleois froii the eddy phenomena. deforniational activity such ds frdctrirIntj,

pressure ridge formation, floe interaction.
INTERNAL WAVES and overturning. Within ''any -)f the shnaljw

marginal ice zone areas, sea ice and iceLoerj
Wave lotion on a smaller space scale such scouring produce unusual ambient fi se jrrl

as internal waves is thought to affect the an aoundance of sound producinj :idrinie I lf.
coherence of sound waves in the sea. adds to this already complex )ruble,,. The
Specific objectives are to develop petroleum-related industrial boo onf Ih,
techniques for li-easuring internal motions North Slope of Alaska an( d nd(jd o is
and to deterine the oceanwide distribution contributes to the ambient noise r):)10'
of their energy spectra. The 'Naval Arctic Researcn L JIn.f) r

A particularly challenging aspect of (NARL) located on the shure of 'hc &!rc'il
physical oceanojraphy is that many of the Ocean at the northernoost liut the
pheno.ieria of interest can only De adequately United States (abo1t four i',11e,, nurti )t
Observed uy ,iult idi;nensi ona I arrays of :drrow, Alaska) present s ?I ,je

sensors wnicn are aifficult to field in the opportunities to support drctIc rCSLdi'l
open ocean. The several difficulties that objectives. Froci NARL the Nivy ),)er,, es
confront a reliable observation program several field stations, incluii reif edr" ri
require further development, possibly d stations in ice islands. These ,roqri,i
com;iplete departure fro;i moored buoys. One have been supplemented by airnorne s'es
such alternative to ,ioored instrumentation, of the JistributiJn and 'lynd lICS Of tdCk

is Doppler sonar which can provide remote ice. An ice surveilldnce prordi', i Y
velocity inforiatlon. In one approach, high uses dirborne infrared scanners dit ldser
intensity sound is transmitted in a narrow altim;ieters to collect Sta[ti't!Cdl *Imt
oeai which scatters from the plankton and concerning the listribution of var i s ce
nekton in the upper ocean. From the Doppler features and conditions. :1 ddit e, .
shift of the back scattered reverberation, acoustic studies of the harginal se Ice

the component of velocity parallel to the zones of the Arctic Basin are t)f'Ii
sonar beami can oe deduced at many ranges. conducted using the BIROSLYL jircr-t t ,

Initial tests of tne Ooppler sondr launch sonobuoys, SUS crdrtes, '110
concept nave oeen conducted using a 7.5 kHz expenJable bathytherimiograph (XI3T) systeis.
narrow oea.ii sonar mounted on FLIP. The Underice operations have :iade i'urtmnm"
slanting sonar ueal provides a quasi contributions to knowledge of the physics of
horizontal array for observing high sea ice. The profiling of many miles of the
frequency ( 1 cph) internal wave otions. underside of the Arctic pack ice cdno)py !)y

submarines has provided invaluable ddtd
TH ARCTIC concerning distribution and size of i co

ridges and underice features. The Arctic
The Soviets have expended a very large investigations have developed many practicdl

effort and many resources to establish naval applications includingj ice forecastin(} and
supremacy in the Arctic region. To counter bathynietric charts of the Arctic Ocean.
this coinitmient the J.S. Navy maintains the Sea ice penetration/perforation
capaDilIty of operating in the Arctic, performance of air-dropped projectiles,
countering military threats in that region, particularly Tines, is assessed by
and maintaining freedom of the seas. Naval analytical, scaled models and tield studies.
Arctic environmental exploratory development Hardness, salinity, Volstire content,
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AIRRORNE PASSIVE MICROWAVE IMAGERY OF SEA ICE
SHOWING FEATURES TENTATIVELY IDENTIFIED AS
STRE'3 LINES. VARIATIONS IN TONE, REFLECTING
RADOMETRIC TEMFERATURE DIFFERENCES, DISTINGUISH
NEW, SINGLE YEAR (SY) FROM MULTIYEAR (MY) ICE.

SCIENTISTS MEASURIMG THICKNES OF THE ICE COVER AND
DEPTH OF PENETRATION OF AN-AIR DROPPED PROJECTILE.
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CHAPTER 23

PROJECTION uF POWER ASHORE

I n wart1iie, Projection of AdVdl Power All of these 1,ru )ert
Ashore implIies the ability to cdrry the Vdri dbI es ; i i ~I ri. - ~e.
fiyht to the enemy, penetrate defenses dfld d capability tK id -
subdue. Power Projection rests on the predictions of c~e

correlative ability to iclintadin supply lines anywhere in i, te oir I i,
throughout and after a speci fic engagemient. Program expendis I "- t
This function is integridl to the Sed Control trying to unrdiel '- i(
Mission. The Navy's role i n Power modify coastal n1' * . f
Projection is imnplemnented prima11ri ly by the of quant ify i fj .h'w
Fleet Ballistic Submalrine Fo rc e, by the research i nt I cies V -

tact icdl aircraft operated fromi, aircraft ileaSureilient .1'uyri .,
cdrriers and by amnphibious assault forces. inStruimentatmOn dt"v e
Previous chapters have treated the ocean attention ti re .,iT
eniironimentalI research and development to associated dtmmaI YS('e
support the first of these operations. In empirical correli, w.,,,
this cnapter the coastal ma1rine research in theory.
support of amlpibiJus operations is
presented. TIDES

AMPHIB3IOUS ASSAULT Of allI the ,r)f *

coastal zone, the 'ft...
COdstal features da processes i;ost understood. '.

important to am1phibious assauJlts are tides, shape of tnt, )L tl,. it
shore currents, surf, beach topography and interference ,;
trafficability, and the sediiment tides to assu~le ~
r1,,4rf-Prict1cs Of the seafloor.

AMPHIBIOUS ASSAULT OPERATION~
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These Coiplex, irregular patterns depend in sea network of telemetering stations that
large pdrt on the size, depth, and would enable the Navy to provide the
configurdtion of the bas inI beach, or amphibious forces with accurate tidal data
Waterway suoject to tide-producing forces. anywhere in the world.
T1idl regimes can be predicted with great The task of translating open ocean tide.
accuracy wherever a sufficient record of predictions to specific coastal locales
ti1dalI height as a function of ti me is requires numnerical hydrodynamic riiodel s--
dvdildole to compute (and subsequently preferably with sufficient flexibility to
verify) the tidal coefficients. In the encompass a range of coastal conditions.
aoselnCe Of ouserved data, however, estimadtes Research to develop such a :iode I for
of tidal height and phase can be grossly in arbitrary open coastlines as a function of
error, a situation with disasterous the deep ocean tides and the wind stress is
cunsequences for amphibious Operations, underway. An initial test site for
Ahetner landing and unloading under fire on evaluating the model was the New York Bight,
mud flatS exposed by low tide or in heavy chosen because an extensive collection of
sirf, the result can be equally calamiitous. recent pressure and current (-ieasure,;ientS are

The mocean Science Program has sponsored dVailaole for that area from a NOAA p)roject.
reSedlrCh on1 the prediction of tidal height
andO ha Se in coaStal reg i ons . In 1j74 , (% AST L CuRkl ITS
discovery of lunar diurnal tide confirmed
tne effiCdCy Ut d newly developed prediction Tidal currents Can be as impi;ortant to
ietnojDdosed -in Aravity changes measurel atll i itary operat ions in su'~ie dre35as d the

LJIStJ I stat I ills. txpandi ng on thi s ching i nj dep)t h of the water, thel n ilj ),-
,jf,,roaCh , anetwork of gravimieters were nifnderinj, le,)eiliny on ',heir- strenyrh and

,.IJ to *jmi tnie ,edtloor in an oceanic area , sel T Ad Ji f,,)r C-t, s re i1 t~f e! L It I Y
LInuL Oden ocean tidal I s t ribu ti1on s were IsJ.e Ie ilIon11 i'e" coastl ines, i)y 'her
Interred for the f irst t i v. IThe iethol c ,rren! -prodmicl1 i )rce,, which are falr s'
uti Ilizes *-ne pri1nc1Iple that tidally ired 11-t d-))e . IC5CaCrch uti cuiddl c,.rrvn',
A15,,dled adss es it Doth the )cean drnd the is )r I idr i Iy conicerned wit tI )ftin( rt- ii
,,jrtn irolice chafijinyi jrdvi tdt onal fields jtfshare (-irrent 5 CLd iSed 'v urt w
j: tedL Io ' I t f j i f tne nietwork . TC he S la s ' d wd ie l( *-i jfl . l~ '1(e ht t1t Ie
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Other studies are investigdtiny the joined forces in d field progra1 to o0tain
Stability of lonyshore currents, prediction detailed and coorJinated tilne series data ,n

of rip currents on plane and barred beaches, waves and currents along transects nor:;Idl to
and currents in the transition zone between the coastline in d variety of open ocean
areas do,.linated by inlet and neach nearshore conditions. Measurecients in sirf
processes. zones characterized by pi ri gi n , s;ill n(,

AssocIdted I yprove,,ients in ,ieasureiiient co1 lapsing, drl siryinJ i ' ejq ors and Aitd on

CdplJ I IL1eS include an innovative the interactI On it uftshore cirrents with
apdP ICatJn 1t aver-the-horizon (UTH) radar surf zone ,rocesses are )eioy exa.:ined f,)r
techniques usinj a ground wave 'ode t,) answers *L) Aest ons ot seJ' :ient exchan j
lucdte, track, and interrujdte expendaole between the ,Athore al s jrt zines and the
droue-type buoys on dei;iand. The siiial I , natire of wave, current , anJ trbulence
law-cost driques are titted with trd,) that spectra ,ider vdryiny srf conditions. It

can De adJ usted to provide real -t i i apedrs thjt when the s.Arf i s f,)rried ,)f

lIt ar ,dt I)n an c urrent vel oc it l es and :) rea k l j Wa yves , t vie rvj s1 .j 't S 'Ii rjSt or,

te, i~erat.reS as functians of depth over tne due to tylS act1o,1 "s ontf'nel ' I e
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narrow, swash zone just inshore of the are all significant properties to be
breakers. Slightly farther offshore, considered. Models being developed can be
sealinent transport is caused by the combined evaluated against actual conditior., or
action of wave orbital currents and the various combinations of t f,, siyn~t :dnlt
average currents that result Doth from winds parameters. Certain consistent principles
in the local area and those occurring have emerged that augur well for successfal
el .ewhere. modeling. When waves are of the surging o~r

Measurement programs are underway along collapsing type, for eXam1ple, it is p ossible
C41lifornia, Gulf Coast, New England, to use well-known wave theory to predict the
Florida, and some foreigai coastal sites to fluid stresses that result from wave orbital
obtain data representative of different motion. This i s not true, however, for
kinds of beaches. Exposure, coastal spil Ii ng and pl ung ing waves adnd new theory
configuration, bottom topography, beach is being formulated and evaluated for these
grdienlt, and the sedimnent characteristics cases.

'AX 14: SIV: k )N~lN', .ADI:1 T N I t, NANu rapidily as 'Idw 1 r't,

, i. rejllms, 1 I i~strdt Ink) why one of the ul tiat V 01)Jel, I lVe, Of rit' '
hi iynd1 rv' edrci , ro(IrdIi Is to De able to provide ieir rku I -* itIII'

, - I te a l re~d Ic , 1 oris % f S J Lh fdtc u r s a s I n q -,h I)re iI)IIr-d I.I vt-' w
e J O f e I r Ift.( III J1, 'nltl'.1ty, Wdve height, drd VISIWV I ,V. it, ri, I anr



Thie transformation that waves undergo dS A new approach bel rig dev, ;e , the Natur<
they oove into shallow water (before Wave Climate Calendar, reflects - nat rii
breaking) must also be considered in atoospheric calendar t h,i Aefius ne K
predictions of surf and sediment transport. beginning and end of seas,)s t. i,- r
Dissipative mecnanismns include friction, year. Distinct sunseaskrs1 Ich .
percolation, and bottom motion, as occurs in can also be defined. %Itcc ,ver
soft clays. Model concepts compared with direct result ,f tseric recesses,
experiaental results of field programs may be possible to construct wdve cli! dtL
indicdte that the dominant dissipative calendars for the vI 'I Js CuJSdl reijvns f
iiiechaniswr appears to correlate with sediment the world. Certain key ddttes are ne eii;
type: ottoi, motion is the primary agent examined for such correspondence n. K ,1 -
where soft uds and clays are abundant; the dates is October 1,,. &roni ni' ' (a
percolation, where the Dottom is coarse the North American Polar ront/ aOVes
sand. southward to its mean w iner ,siti;:.

Tne ultimate objective of this research, Since migratory extratroeDCol s*,omr s ciui v
a dynai c coastal classification and along this front, Uon mI h" nx;)ec'
prediction system, will be only as effective pronounced changes in stor;i wie cli dtes.

the maodels it employs and the methods Plots of hindcasteo .a1. a-) nI tI h
tat are used to handle the input data. date for Cape Hatteras sho nat ho ha
Pro;ising new approaches to the latter are indeed the case: the )rebai v e ,t~r.
also being studied; one of the more waves is about half again as gret t~ r 'h
interesting is recognition that there are 15 to 20 days after 16 October than a'
recurring events in the coastal climate that other time. Additionel analys , ,
appear to follow a "natural" calendar, this same behavior repeated it tie"
Coastal wave conditions, for example, appear stations along the easter! s1 ar.
to conform to such a pattern, a phenomenon
that is masked wnen wave data are averaged
on a monthly basis -- the standard practice.

Methods for Surnairng Surf Height

SM.. .. 1 ... -" N 0

.Nt STOf4M *AvIk !;4 NE.Xjjj*

*INTUR a ' S"Pc, omf cUNt4 I A6TU#N*#

Y y SE wAVES (3-4tX

Nk N'AVE%

WAVE CLIMATE CALENDAR COMPILATION FOR VIRGINIA
BEACH, VA., )ISPLAYS DISTINCT PATTERNS AND SUB-
SEASONS THAT ARE NOT REFLECTED IN THE MONTHLY
AVERAGES COMMONLY USED FOR DATA ANALYSIS.
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IN ADJITIUN TO ENERGY ATTENTUIATION, waves moving onshore over ..-Jd , - -ay 0e

drastically deformed. Although wave height would no longer be cause tur concern te

SdW-toothed character of the resultant wave train could wreak havoc w tc' s;1I croft
and surface effects vehicles meeting them head-on, the ,iarine equivlen" of "running
into a stone wall."

REMOTE SENSING APPLICATIONS

I The Ocean Science Program conducts an tremendous improvei entu ihe
dggressive program in remote sensing discrimination and iAjantiirction mf coastal
applications to coastal and shallow water variables. Researci is conducted on
proo leiels. Remote sensing offers three sensors, their use , . n ( J11 t he various
ddVdntdges--it promises a capability for aspects of handl i nq th (2 dat a. ,kellote
timely and secure reconnaissance of sensing datd must :te corrected for
enemy-held landing areas, provides a method distortion related to pro;erties (e.g.,
to obtain experimental data on dynamic atmospheric moisture ct nten., aerosols) of
processes over a wide area in real time, and the air space between the sensor and the
offers a rapid safe leans for hydrographic earth's surface, movements of the ,);atfora,
surveys of coastal areas. earth curvature, and otrer factors that can

Remote sensors are carried on cause possible ilerrat ions (and
helicopters, aircraft, and satellites or are misinterpretation) of lht, data. There is a
mounted on shore stations. Techniques and steady drive to ex;ploit the poterntial ) f
hardware are in a state of constant, rapid remote sensin.j fechrn ltoly tht in int of
evolution, and the last five years have seen the state-of-the-art. Ont, ).jret )roject

I
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is to determine whether subsurface new, refined information extraction
teoyerature and salinity in coastal zone capabilities is a major objective of remote
waters can be ,leasured by a laset technique sensing technology developm;lent.
thdt distinguishes between two forms of
liquid water that are in chemical The Ocean Science Program does not
equilibrim. In ladoratory experiments the generally distinguish between T'e
technique produces results that iiieet the requirements of amiphibious and special
accuracy requi reiients for operational warfdre forces in the i;idjority of its
dpplications; whether laboratory results can coastal area research, since so iiany dasic
be achieved in the natural environment is infordtion needs are the samve. Differences
now the question. Other research uses eierge with the applicatlon. The Tactical
satellite data to study the processes that Beacn Profiler is a case in point. Designed
control coastal variability and the for covert oedci reconnaissance oy special
radiative trdnsfer of infrared energy froi warfare experts, its purpose is to acquire a
coastal waters through the clear-sky critical ;Jini numn of essential information

atmosphere. Surveillance maintained of the prior to aihipni!ious assault.

Gulf of Mexico Florida Coast during the In dnother special warfare developlient,
wiiter of 1973 disclosed a previously scientists have learned that porpoises,
unobserved orderly progression of changes in Olindfulded with soft rubber suction cups,
-he horizontal and vertical temperature can distinguish differences in the surface

ratterns of coastal waters. Currents can be texture, composition and shape jf objects by
distinguished by the temperature gradients echo-ranging alone, an accomplishiient beyond
at their boundaries and velocities can be the present capability of conventional
derived if singular features exhibit :nan-lade sonar systems. Through study of
sufficient contrast for tracking on this ability to "see with sound," it iay oe
successive inages. The task of building possible to develop a diver sonar that will

be superior to existing systei:is.

{v :<.A~ .... . - FR

WITH THE TACTICAL BEACH PROFILER, a Navy diver can mneasure the profile of an alien
beac on a iiagnetic tape which, when later pldyed through an X-Y recorder, produces d
depth versus distance representation of the topography. Profiles ot secure beaches
can ae obtained with the instrument from shore )y carryinil the ;)ressure sensor
ot fshore.

3~i:-
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3EALI KtLCNAISSANCL AnalysiS and ketrieval Prograr, ShAR, , which

allows on- and off-line maintenance. The
Ma.pingj oottoi;i features in the benthic current inventory contains ddtd on

zone and oeteri lining beach composition to Caribbean, Canadian, and U.S. dreas.
assess trdftlCdbility using remute sensing ;)evelop,:ient is continuing with the dditloo,
technology are capabilities being pursued to of new representatiie areas an! ',del
yield oetter beach reconnai ssance improvei;ents.
inforIloation. The spectral reflectance of
b eacn samples correlates well with such SPLCIt L AARF ARE
pruperties as composition, moisture content,
and jrdin size. Most of this work is at Special warfare involves unusual types
present Still accomplished in the laboratory of naval operations such as penetrating and
and culninates in the devel p!ient of destroying the ene..iy' s coastal lefenses,
trdfficaoility/aobility algorithms for planting or retrievin' intelligence
rerotely sensed datd. gathering devices, and conducting beach

A remote sensing system designed reconnaissance. Many of these operations
specltically for tactical oeach are covert and are perforred oy specially
reconnaissance cOibi nes passive trai ned divers and other personnel. Sijch
I ,ultispectral scanner Lnd active 1 aser iperations almost without exception take
teconiques. The scanner acquires several place in the coastal zone. In southern st
Images in narrow spectral bands. These Asia, riverine interdiction (the prevention

* imjes lepict the underwater topography in of enemny movements on inland waterways) was
various shades of gray depending on the i new Navy responsibility in Special 4arfare
deptn of penetration of light dt different operations. Coastal characteristics that
wavelengths, the optical naracteristics of threaten arnphiaiaus assaults are simiilarly
water, and the bottom reflectivity. Sinc. important to Special Warfare activities; in1
the ueptn easurerent is relative, however, fact, the effects are often heightened, more
a pulsed laser is used simultaneously to severe. Currents and turbulence in t he
provide dosolute i.ieasure,;ients of depth alonj water present difficulties for swii-iers and
the aircraft pa- h. The effects of water divers; turbidity redoces visibility and
quality and outtor reflectivity can be degrades underwater photographs; if headiy,
largely reiroved by ratioing two or more of it can clog sensors or other devices and
the spectral imlages and applying a new even i ipede .tobi I i ty. water depth is a
ri;ulti-cnannel bottomi classification factor in tne safety of s'.ai iiers 2xposed to
dlgnrithiri. The resultant irages are then unerwater explosions. Teriperature not only
cal]orated by tie lar data to produce affects ttie ability to work underwater but
underwater contour idps. This system dould strong temiperature gradients can enhance the
De flown at about 30dU feet under nor~iial ddAiajing effects of explosions on swiriers.
operating conditions, but could operate frolm Conversely, some of these sa te
higher altitudes if there were no cloud conditions favor Special Warfare activities.
inteerence. Surf roise can .rask 'movemient on or across

beaches. Turbidity adds a safety factor to
6LACH INFUR,.,AIIUN SYSTEM underwater activity by iiipa i ring its

detect i onr by optical :'leans ; acoustic
A 'djor iilLestone has oeen achleved wltn detecti on is degraded oy a,.bi ent noise an(d

ddiltlun of a beach infor;ation catalog to te., perature or salinity gradients. Ieatures
the Navy's cor;iputerized planning data nanks. )f Lhe hotto.I to)pogrdphy, if known, call be
JVAIS, or University of Virjinia Information used to shield, cover, or disgrise ran-riade
bysteir (fur its designers) , not rly devices.
1 r lui es d sumdry of onserved data, but car

also oe queried for predicted vales .)f
certaIn araeters. Now on- l Iit at the (CSC
Oasid V . Tylor Naval SnI[ kesearch Lnd
level up ient Center, the systei r uses the bhip

? - i



CHAPTER~ 4

SUPPORT

The Navy perforiis a host of activities for carrier strike forces--forecasting
to provide across-the-board support to iodel s cannot treat each in a vdcuum, hit
operations and forces afloat, many requiring oust consider the interrelated whole. Thus
substantial inputs from tne ocean sciences: the emphasis on air-sea interaction
env ironmientalI forecasting, mappinj dand miechanisms and long ter-i oceanic controls on
charting, search and rescue, salvage, inarine cIiniate that characterize maj or progradoS
construction and env ironmentalI protection. like NORPAX and POLY401)E (see Chapter F;).
The Ocean Science P rogrami sponsors or Co~atnon- purpose elemoents of forecasting are
contrioutes to research and devel opmant data gathering networks, comput) er
associated with tnese activities, usually as operations, coirnunicatiois, education arid
separately identified programns, but training, and iost iioportant to Ocean
O,.caSionally as secondary objectives of Science Proyraoi objectives, thle translation
effort directed to other warfare of research results into usabI2 op)erdtiOnal
requi rem;ents. tools that supply quick responses t3

questions bearing on tactical decisions.
E V JI ATAL FORECASTIWG ~'Iost Ocean Science Progrda support to

enviromiental forecasting is at the
Tie 1 dvy requires the forecasting of the Exploratory and Advanced Develo)pm.ent levels

total mari ne ivi ron~nent. 14hilIe pri nary and involves !odel s and algorithnis that
padraile ter s of interest vary with the express complicated theoretical
particular application--sound velocity relationships in terms that naVal
structure for ASW, sea arid surf for operationil personnel can use directly.
amnphibi :us operations, wind and visibility

TIME SPANS FOR PREDICTION OF

THlE NAVY S NATURAL OPERATING ENVIRONMENT

~ OGRANGE PLANNING

TACTICAL -4COMAND AND CNOL DESIGN AND DEVELOPMENT

:11 Sill DETER MINISI IC /PR OASILISIC--CLM T OG
AtASURIEMENI MODELS CIAOOY- .

0 Ma..3dy.

TIME
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THE INTEGRATED COMMAND ASW PREDICTION SYSTEM (ICAPS) IS AN ON-SCENL ACOUSTIC
PREDICFION SYSTEM CURRENTLY INSTALLED ON SEVERAL CARRIERS AND AT ASW CONTROL JENVk .

OF AAJUR COMMANDS. [CAPS MERGES ENVIRONMENTAL FACTORS AND EQUIPMENT PARAMFT Tu
ESTI1ATE THE IN SITU CAPABILITY OF ASW DETECTION SYSTEMS. PROPAGATION LOSS n'LLTHFP
WITH NOISE DETERMINE THE PROBABILITY OF DETECTION AT VARIOUS RANGES; THIS IN IJRN
INFLUENCES SELECTION OF THE TACTIC(S) MOST ADVANTAGEOUS IN A GIVEN SITUATION. (ONi OF
THE TACTICAL PROGRAMS UTILIZED IS TASDA (TACTICAL ASW DECISION AID) WHI H , iP JTLS
OPTIMUM PLACEMENT OF A SONOBUOY FIELD IN TERMS OF DETECTION PROBABILITY, MEAN HOLDING
TIAE, NU1ER OF BUOYS, ETC., ANOTHER IS TAPS (TOWED ARRAY PREDICTION SYSTEM) WH!CH
DISPLAYS PROBABILITY OF DETECTION WITH RANGE FOR VARIOUS NOISE LEVELS AN, TOW DL.)THS.
ALL OF THE TACTICAL PROBLEMS CAN BE WORKED FROM EITHER END. TASDA WAS DEVELOPLO BY
NADC FOR AIR ASW, TAPS FOR SURFACE UNITS BY AN ONR CONTRACTOR. ICAPS' I-NVIRONMENTAL
FILLS ARE BASED ON A SUITE OF OCEANOGRAPHIC MODELS AND CLIMATOLOGICA!. STAIISrICS
DESIGNED AND ASSEIBLED BY NAVOCEANO.

The difficulty of providing real-time and many special purposes; e.g., sI p
answers to ASW tactical problems of sensor routing, ASW predictions, sedrch a.nd rescue,
depth dnd searrh pattern is d basis for the salvage, and pollution dispersal. Wave
at-sea Acoustic Perfor;nance (APP) Prediction forecasts have been greatly imprved in the
Program, wnich coimbines operational last decade throu,jh dtv(21 op-ient of
parameters of specific detection equipment directional spectral 'lodels t~hdt periit
in a Task Force with local environmental determinations of total energy in a jiven
variaoles (existing or forecasted) in a wave field, rather than aPpIrox;lat ions
suitable acoustic performance model to give derived from wave height ind period values
probabilities of detection for various that are cons i dered statistically
combinations of deployiients. representative. Continuing )rogress is

Computer models are employed at the being made to apply prediction model spectra
Fleet Numerical Weather Central to forecast to real-time iproblem:s dnd to eXI)dnd the
sea conditions for general operational use forecasting area. An insufficient density

of observations, rdt her than i nad equate
models, is now the, chief ohbstacle to

4-2 attaining worldwide coverage.
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I Current developtiental efforts are Location 1.1

relying on satellites to filI tile data void. and the probdl) I IWT t' r,-,,rg

Sensors, data validation, and translation open, are vital t: ' t .

I techniques are being investigated so that cargo. lcebredker'. ie jer y
these expectations can be realized. The ships carry heIlco t,- r.'
greater density and accelerated dat3 features,
collection rates suggested by current periodically , , I . .yjn

I satellite tecnnology should enhance the maintain j , ' ,
;Urobdbility of improving the forecasting Nonetheless, . ,. ,
,iodels as well. Though vastly superior to Arctic or Anturc. . "!I I. ;l'SI predecessor models, the need for even more even icebreaker-., r jI ' ' r'

accurate lorecasts is surfacing as the Navy damaged) by tne , . ... ,r
develops smal 1er and faster ships and The dynac ,I r-l

S.nisticated weapons that are critically under given curlun . .r
I tsponsive to sea conditions. are functions ,' ', ''

For resupply operations in polar stresses and thulv .
rejiuns, ice forecasts are a primary feature features above :t!1

t enviromenta, support. Whether airl ift Remote senslnig ''Q(-nrij! . .j :I e
0r Sealift, the areal coverage or to recognize ,e¢ ; ,
.oncentration, type, thickness, density and experii;iental worv . : , , ., 1,
rougnness of ice cover are essential operation is i.:_mrw,, Lr h( .

litforidation needed to plan and execute the real-time ,easure.;er,-
Ilissiwi. Extent of ice pack limits and the SYNRAMS, a ' yrv:)t ,
,yc'ng ano closing dates of ports are Measurement Sys t -I .'1 . *- .

I iportant for safety and scheduling--the Arctic researc.n I,
loisti:ai detail involved in staging a device that ,IeJ.. , .
resupply operation (or an experiment) in
j),.ldr areas is staggering.

•~~~ y. 
4

. ""..

• ', WWI

,e overf I ight wi th viicrowave radi ometer produces clues about tht .i .i md
he Canopy. The separation in Brightness Temperature at two I' * r', .112

reflects the dielectric properties of the ice (density, poros' ty, I "m '
.jrn indicate whether the ice is new and si;iooth, (essent 1u 0ly ,'' l,
I aIltiyear ice, which tends to be rough because of past pressures ai cauise I'i ii' kin
ird rafting.



parad;ieterS at remote locations. Equipped -
with on-deiland tel emetry, i t i s a
potentially excellent data source for -- _
imnprovlng short range ice forecasts. -

LL

4APPINU AND CHARTING

Jcean science support of hydrographic
survey functions includes improved
techniques for obtaining coastal and deep
ocean bat'iyjaetry and development of
algorith s for deep sea survey design, which -..
balances line spacing against the error
innerent in a specified level of accuracy.

'3each dnd nearshore topography--coastal -- "
curifijration, beach gradient, presence of
oars and reefs--deteriiiine navigability of
landing craft and ability to land. When
these tupographIic conditions are known,
present techniques 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 dlOrng with options suitable to the
iust proDaole conditions. THE LASER BOTTOM PROFILER SIGNAL AT THE

Coastal nydrograpnic surveys--with AIRBORAE RECEIVER CONSISTS OF THE SURFACE
ieasure;,ients obtained in closely-spaced REFLECTED PULSE (SMEARED BY RETURNS OFF
grids precisely positioned froo shore-based BIOLOGICAL SCATTERERS OR SUSPENLEJ[ SLDI ENT
navigational stations--are the optimul way IN THE WATER) FOLLOWED BY A SMALL BJT
of acquiring nearshore data. The Naval DISTINCT PEAK THAT DENOTES THE 30TT)M.
Uceanlographic Office conducts continuing WATER DEPTH IS INFERRED FROl THE TIME LAPSL
progra of such surveys for che Defense BETWEEN THE SURFACE AND BOTTOM RFTURNS.
Mappiny Agency. Using acoustic echo
suunding equipment, smal I launches run
survey lines close to shore while a large depths of twenty meters or more. The syste:,
nother ship sounds the area farther out. will be ;,ounted in Navy helicopters that are
The process is very time consuming: tracks carried onboard the hydrographic survey
nust je tightly spaced so as not to miss ships for logistical support of survey
sIdaII, potentially hazardous features and grond crews. Although intended priluarily
the launches .lust go slowly enough to avoid as a navigational survey system, HALS has
duiiage from such features or floating debris potential for beach reconnaissance as well.
so common in coastal waters. This kind of Digital cartography based on econolic grids
operation is possiole only where friendly and computer economy that allow qu.ick
governments cortrol the beaches. derivation of various maps and rapiJ answers

To expedite the survey process and to other ,napping problems is a proiiisinq
liiminate the need for launches in the future capability now being developed.

Shiallowest water, a remote sensing system,
HALS (Hydrographic Airborne Laser Sounder), MARINE FAC[. iES CONSTRUCTION
is oeing developed. HALS is an all active

SysteI tndt employs d neon laser transmitter A substantial share of the research on
and receiver and includes vertical coastal processes supports engineering
orientation and electronic positioning to requirements for facilities construction and
yield precisely fixed soundings in water maintenance. Linishore currents, sejimient



transport, beach erosion, surf (biodeterioration), and methods of
characteristics and bottom properties countering these effects are also
influence the stability of structures and engineering problems that the Ocean Science
detenrine where they should--or should not-- Program is helping to solve. Resedrch on
be placed. Designs for deep and shallow boring and fouling organisms--habitats,
water mours and anchoring systems depend on life-cycles, and various physiological
bottom currents and seabed properties. properties--is being performed by biological
Related to such considerations of marine oceanographers in order to develop effective
engineering but not part of the Ocean controls. Naturdl nonpol luting methods are
Science Program directly, is research and being stressed.
development on structural components and New and conclusive evidence on the high
techniques to overcome inevitable adverse rates of wood borer attack in the deep ocean
environmental effects. The Civil is a surprising resuIt of this research;
Engineering Laboratory (CEL) at Port until recently deet) ocean henthic
Hueneme, California, under the Naval populations were believed relatively benign.
Facilities Engineering Systems Command, is These borers attack a wide variety of
the Navy's principal research and substrates including plastics and synthetic
development activity concerned with these lines.
problems. Successful control studies are highly

In a relatively new line of dependent on the ability to follow marine' investigation, coastal oceanographers are borers through their entire life cvwles in
determining the importance of surf beat in the laboratory, a feat now possible tor
nearshore dynamics. Surf beat is a low several critical species. 13acterial and
frequency surging motion generally present fungal slime films that precondition
in the very shallow waters of the surf zone. surfaces for borer and fouling organism
Under certain combinations of beach slope colonization have been identified.
dnd wave set, resonances of considerable Cellulase enzymes from the fungi markedly
energy are generated. Laboratory test tank alter initial rates of borer attack. AHmong
studies and a recent field experiment are several non-toxic, naturally occurring
looking at this problem. compounds found to inhibit the formation of

The vulnerability of structural these slimes, tanni ns appear to be
materials to chemical constituents of the especially effective, reducing attack by
oceans, the degradation or destruction borers and fouling organisms alike.
caused by its biological inhabitants

1

1
.. WOOD BORLRS Al

WORK - PIER
I " STRUCTUR[

, - WEAKENI[{) T1, PCI{NT

OF COLLAPSI.

4-5

I



An underwater cutting tool :eing The availability of li niCotIditer-I 'd
cl Valopel for general Ocean technology microprocessors hds helped; dd,,eli
support IdS applications for b)oth underwater chemical sensors, clever instruiient; m
construction and salvage operations. caliorate themselves, collect -1 ;I es,
Efficiency iias now reached 90 inches/hour in reagents, ni x and shake , tyli Ze , re
1/4' 3lu.lirim plate. The technique employed results and process data. Font i niuoj,,
is a caiitdtiny Water jet which has real-timne iieasuremients of -he~ ICdI
ne~ligiole reaction force and no torque, constituents of sea water show th"~s
u0th of whi ch limiit cutting and drilling marked variability as phys i ciI ro pe rV
iperations under water, display, pointing up the fallaCY of Or t4nl

conclusions about c.oncentr*iC)ns rIdI
LNVI.JNILITAL PROTECTION dispersion rates of Conltd'i1In i trj

conventional single samlples.
Admjor objective of the Navy's

envi ronmienta I protecti on programl is to gain
'aeLter understading of the effects of naval
uoL!rdat ion1S on inshore and nearshore K-
cn;i'iron~ientS and ecosysteiis. Sites of heavy-
Fleet -concentration-Norfolk, San Diego, and --

PearlI Haroor , for eXample-are of special
concern .

Tne crux of protecting the oceanic
env i ronll. i s having a o)asel m e ijai nst
w-11ch to evaluate the effects of changes. -

Sinice life in the ocean, which is the real
concern , i s i nextri caaly linked with the -

sup,i ly of or-ganic nutri ents and the !)al ance
of i organi c cheiiical constituents of the
water, it is imiportant to know 4hat organic
.nI inorganic properties are 'norma IIy " FLOW-THROUGH SYSTE01 DEVELOPED) V~ ',i SC
dresenrt arid in what proportions. The ocean AUTOMATED SAMPL I G T) .qAL YS 4 F
can assiiilate a certain level of pollution, METALS IN SEAWATER.
out niow .ocjct is too :iuch? 'Ahat is the rate
of decontdaminat ion? How quickly can a
population depleted oy toxic additives or

urdigoperations restore itself? How to
control 'loxioos, lanyerous, or damagi ng
(oceonf inhabitants without creating a Y-,Of1WTLWIL
di fteremt, perhap)s worse, form, of danger or i'
Io ic'ge? These kin,.s of questions dri ve
ocetin II SC Ience support of env ironmentalI
protectionm objectives aind have h2lped kindle
vi goroos support for mrine chemi stry.__________

In fact, no0 ocean science field has been 6 EM &*" 10A

-lre pronouniced ily 1impac ted uy the interest
I ni env i rrmientd I quality than ciieomi cal
Lermography , especi all1y the onulIyticalI

ari rlch. fir many years an adj unc t ti
o)IJoljCdl , geolo3gical and physica CdI !-LUCTJATIJNS 'JF Zn CON( LNT ATI:) , i TI)AL

nLIl),jro,jpmy , cile,;iIca 1 oceanogra phiy now has PEA IU)J I N SAN *) IL(;,) BAY. " ' AIIk "L
1 nu,jendieit stature, cora auldi dnj ignifti cant ILNOTE HIGH All) L+A TIDES FAUA I IlT-I T,)
r(2, jorces to m;eet wiell defined research THE 14TH OF JUNE.

JoJI S
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kOne of the 'inadrt new Chiem'IiCd I reSedrch eftlr,
irfistruieflts IS anf d Ut (Wd t ed t rdCe Me ta d nFew techn)f 4(jC'e t

analyzer aeveloped by the Naval cedn .tj ettI ve )fh
ysteins Center. The analyzer, which Cdfl be respective

used in place or underway, eilloys aY n c ortIit oe (I
e Iec trochem Iicd I technique Cdl leOdanodJIL thdL deter he
stripping VOitdimietry (ASV) to I'edSure zinc chdrdCter )#~-~

ZLn), copper (Cu) , l edd (Pb) and C ad iii Jiscuverinj .

(wd) The slital a re af Iqllaldit ed dt constituents. l

constanlt pote~rtidl with a thin mercury f im be determimned. .ATh '

1jldted insid d graphite tube. After being place ,re o~sli(
concentrated in the film for d few minutes, phenomend inm the ~e
the oppIi ed potentIdl is decreased. the sedimremt-Sed e x C rid9,;~
metals are rapidly released, the diffuSion inorganic reactio,~'

out it the fill Causing d series of current Cowmposition A) the w~lr
PeakS to dpJpedr on a strip chart recorder. Studies of

Many known constituents of industrial forum of mufl I t if m i~ivt
pollutants were not analyzed in sea Water as known decay rdtec, f n-

d :Adtter of course until recently. A robust indicators of cmrc lij*
vertical mi xi ny near the Seml<

SiHIPBOARD SCIENTIST HANDLING RADIOACTIVE MATERIALS VOR ANALYt)I .
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Tie syste;i uses a tlying spot scanner and an Controlling the lift of a system i a
argon ion laser lignt source, and provides major proolem in salvage operations,
optical pictures of the seafloor from a particularly at great depth. An overouoyant
12'J-fuot height with a 400-foot swath width, condition is required to break an object
R')MS can De towed at speeds fromi zero to 5 free of the oOttom. Nhen the breakout
Kouts. Jther potential uses include close occurs, however, conventional systems start
rangje classification and inspection, a rapid, uncontrolled ascent to the surface,
ef tension of vision to reiote undersea work which usually spells disaster for the
systems, and salvage operations, salvage attemp.

Salvagling very 1arge objects fromi depths The LOSS pontoons have a 100-ton lift
oeyona the reach of divers poses Major capability per pontoon and use a rigid shell
proleis. The Large Object Salvage Syste..i to control the amnount of gas and water to
I L ibb, developed by the Naval Coastal iaintai n constant buoyancy ind thereby
bys'ems tenter, prov ides the Navy an el iminate uncontrol led ascent. The syste
i i~roved capability recover large objects uses ballast chain as anchors. As the
.n .1etns to iso feo The objects can have object/pontoons rise, they lift links of the
e'1, shae ina d. , lacerient, can weigh as anchor chain off the bottom until the
,a:n L 30L) tons, a weight range that suspended c hain compensates for tl, lift
1'cI jdes sJbiarines and s'b,.ersiDles, forces of the overall systeci and neutral

rt ace snips, nissiles, and aircraft. buoyancy is achieved. The LOSS pontoons anA
]Jef'd'ild I demonstration of the system nas object are then brought to the surface by
aJeen s ccessfully completed. paying out cable attached to the anchor

L. J consists of large pontoons with chain which retains control of the lift.
r'jv. She)Is that are remotely controlled
t nrugh an a;ibi I icdl cable, and a Pontoon ")THLEq

i,)! cC:ient Jehicle (PIV) that "flies" the
dontuns down to the exact location of the Technology advancerment in coiiujter
obec t. to be recovered. Once down, the science, rei ote sensi ng, deep ocean
,aJ1toU1S Can be adjusted to fit the object luorings, underwater photography aind

eirng recovered by :leans of adjustable arms, navigation support alriost every area of
fitted with dtoiiatic grappling or explosive ocean science research. The luality rf
s'td attchaients, which rigidly attach the underwater photographs today is approaching
;,tooi to the sunken object. Once the an art foriT1. The detail and scope of
pontons are attached, gas or air is used to coverage ontainaole permit very fine
trce water out of tne pontoons and provide analyses of the ocean floor that are
tne necessary lifting power to bring the providing new insight into dynamic processes
Jn ect to the surface in a controlled and theoretical concepts of seatloor
AtM it. Upon reaching the surface the formation and seli:ient distributions.
c I nrxl w11 dcal is disconnected and the Accurate navigation is essential to A

trl' ire asseialy is towed to port. rapidly growing proportion of research at
',n shal low ater, where the PIV is not sea. Electrocidgnetic positioninq first gave

needed, the pontoons can be lowered directly us accuracies of less than a mil. in linitd
fro- the alvage ship and attached to the areas by means of Loran " net s. These
n ect. All controls of the pontoons and characteristically were of Ii lited use a few
' v are execi *ed froi1 the salvage ship hundred .iles off coasts along which
tnr in control ulioi I icals. transmitting stations were operated. In a

"I Auyancy jenero , i on for the LOSS is favoraole place in a Loran A area
,r I ied by the self-contained liquid navigational accuracy exceeded one mile.
nitrogen ystel (L:4,) or air. The LN2 is Loran C extended the area over which KA
,trei In ryogenic dewars, and heat is navigation could be useJ, but essentially
ex.ract*d fro,; the ocean to vaporize the LN2  worldwide niavigation to the order of d mile
t, provide Jewatering gas. The entire or better caole only with the advent of
iontoon systeim is operated at depth near TRANSIT, a syste )f satellites frori whose
j ,iunt pressure, eli vinating the need f r signals pos t on,, At receIvers could be had
neavy pressure nl I s. ruughly every I1 0 1s. TRAN SIT lade a
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aur of .1wro Ve-ie It I s Cielntific n dv iya t'. ,rec I se Iy , c I ,. (

DUL r :caricy , say , toj the order of syste~s jru u s e
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T", it IcaInt nu,;uer of N i vy research ieters. r e
t. iese needs vi 1.1 De ft lii 1c fl U)eeN se'

ar, 0/ TAR , a systeili of satel I te Vql L h l ~r 1

lr s 11it rs cdpdbl ic f nigyher accuracy thanl 10 d S.Jdce
.AccL U tur

T ne Navy has long aern aware of aiCoustic C d, d: 71 iy, alI

d aIS 0t c o o di eiV inj highly d cc urd e triei1.r ~2 l 0erl
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4based system tha t rrr e os- pa v human
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data collection. The jU
connected by phone 'inre
Satellite Field Serv ices
Washinrqton, D.C. for neAr ~~i
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via a camera inrut ~ t
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L 6 OA AL IIAL ,.k, l Pr A -I' I V[ PROGRAMS

e I-oan St LnG C ' ' i ' I r F , ., , . F. - i .L 11 ULi t 1 t t , -

tO . . t ]ar e 1u1il I. , .. . tj- ty tIIio redict the f - r

' - by ' y yt , te u or r nd rstanding oq atrnr-
,A rIPS Or i"l 70n rioE. ~i Oh wi th ot ', srv,-io int e- at oris with oceanic heating
at r)a I or International organization,. It nt- . 7. 1 iFI t)atter,. and of the differences

is oly bv combining resources and exoe ise * ,e aat ' n n the future
oiat some I arge-s tale problems car be

at r !ced at a)l. 'he benef its of these The Nav (), earnqraphi( Fmoran .s a
,omiorams to tne ocear cc i ences are aior in vestne in o c ea roQra:h , ar-I ,r a -

eo0 Uo s: ! ar(It Iata bases or 1a r to) ogi, particul arl y in ocean Tore( astinq
d1ifferent var-ia Ic> measured concarrt-ntl, envio ai 1etal impact assessment, and ocear
in spa,,E. and tite, advanced techmlogTy for data collection. The Fleet Numerical Or ean-
rstrumnents and other potential Nlaval ography Center (iNOC) analyzes distriDutiont
tiadware, and increased knowledge and under- of weather variables and prepares synoatc
standing of complex oceanoqraphic/ analyses of wave heights and sea surface[teorol o ical rfhenmena wnich are temperatures based on ship and satellite
4ipIortant to the Navy s environmental data every day. FNOC has the capability t
,.i--uon reguirements. The pro:cr'- model simul itior for environmental forecast-
-', ibe 'ii this -'h pter are representative inq and impact assessment as well as tor

o, tri o 'ait ional aud international cooper- lynamic data base qeneratio, C, .uratinn.
ation that the ",av, Ocean Science m-ara;t
sponsors or contributes to in a st,pportin ajor research programs relevant to

role. climate problems and funded at least par--
tially by the Office of Naval Research (bN,)

'-,ted States Climate Program Plan USCPP) include the North Pacific Experim'ient -rq

The U. S. Climate Program Plan (USCPP) NORPAX; Indian Ocean Experiment, c-),

is-- designed to enable the nation to respond Joint Air-Sea Interaction Projert, IASI;
effectiveiY to climate-induced problems by ind POLYMODE, all of wu)ich are described in

anticipating climatic flctuati)ns in domes- this chapter. Such Inavy resear(h activities,

tic, national security, and international perfornted as an integral component ot tne

co ntexts, and to identify man's impact and national security mission, con-pleirent a, d

;tent ial irfl uence on regional and global support a at i onnal i mate Drnro ra.

cliiate. The plan is a guide and reference
S, developing a National Cl imate Proqram for Internat ional "Iecace of nocean <ploration
ir-eral agencies involved in various aspects (lll

cr climate and weather research and services.
The International flcade of Ocean ,lor-

The Departmcn t of Defense (DOD) Climate ation (IPOE ) was an international :oo,(,er-
rogram Plan that responds to the 1sCPP fo- ative program with the overall ob ective of

(<ues first on integrating observations in proot inq oceanoorah ic resear t f forts t nat
space, atmosphere, cryosphere, ocean and the would contribute to better understanding,

terrestrial area into timely analytical data preservation, and utilization of the aloha]
sets for an extended forecasting base. ocean for the benefit of all mankind. [POF

- oj:( (ts we-re structured to free t p rog ram
Nince 1are-sc ale oceanic processes goals in four ma ior proh Iem areas. environ-

I a v a fundanen taI rol P i n con t rolli no ment a) gUa 1 i ty , env i rmoen ta forecas ti n,
li atic fluctuaI i am , , 1 irtate rn,-arh 1se, ,ahed assessment, and living reOJ r(es .
technology requ i re the experti se of oceanic [joveloping a world monioring system,

J



ilnproving worldwide data exchange, and in- Another GWE obiective is to develoi
creasing opportunities for international methods for assimilating, vrocessinq, and
snaring of responsibilities and costs for disseminating the observational data in
ocean exploration were correlative goals. near-real time. The GWE Data ManagementIn tne United States, the IDOE was planned, Plan includes a network of worldwide,
waniqed and funded by the National Science regional and special data centers. As Iart
Foundation (NSF), which promoted substantial of the '!. S. contribution, the Fleet
interactions with other U. S. agencies, in- 'N nerical 'Iceanordphy Center (FNOC) has
cluding the Navy. Several of the large been designated the Specialized Oceano-
'lultidisciplinary projects supported by the graphic Data Center (SODC). As SODC, FINOC
"fice of Naval Research over the past sev- assumes the responsibilities of GWE Level

eral years have been joint enterprises with I-b (Global Experiment Research 5Iata Set)
'NSF (IDOE) and are described below. oceanographic data anagement.

, Global Weather Experiment (GWE) The (,WE rlay be the largest concerted
international scientific ef'rct ever

The Global Atmospheric Research Program attempted. The detailed planninq and
iAr<P) jointly sponsored by the World coordination of all proqrans involved and

,leLeorological Organization (WMO) and the prospects of accomnlishing GARP goals
International Council of Scientific Unions have stimulated activities in more than a
,ICSUI) through adopted resolutions of the dozen countries.
,eneral Assembly of the United Nations, is
d international program utilizing the newly The North Pacific Fxiveriment (IODPAA)
emerging capability of space-based observing
techniques in meteorology to imprcve weather The Nnrtn Facific Experiment (NORPAX),
forecasting worldwide. GARP's basic goal is now in its ninth /ear, has as its objective
to understand the factors and processes that to analyze and understand the interactions
control weather fluctuations. Lack of global between ocean and atmosphere on space scales
data has been a major obstacle to further of weeks to years, with the ain, of learning
progress in predictio large-scale motion of more about thu causes of low frequency
the atmosphere and long range weather fore- fluctuations of the oceon-tmosphere system.
castinn. Emphasis is placed on 1he role of the upper

ocean, and research is conducted chiefl, on
GARP is comprised of five research and/ phenomena of the Pacific Ocean. A better

or observational programs: numerical experi- understanding of the dynaics of ocean-
oentation, global, tropical, air-surface atmosphere interactins on these scales

interaction, and radiation programs. The should eventually lead to improved long
global program receives input from all other range weather and climate predictions for
G2ARP units and is designed to assemble a corn- the Northeast Pacific Ocean and North
plete data set appropriate for study of America.
large-scale motion of the atmosphere for
periods of one day to a season.

The GARP Global Weather Experiment (GWE), FIC F
also called the First GARP Global Experiment
(FodE), is the main observational part of the
program. [e pin in 1977, GW[ is ; "rt to

oeasure the large-scale state afid nf
t,io ft,rtire atmosphere over a period o,
approximately one year with two one-month
periods of intensified observations.
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Prior to 1971 the Office of Naval density field over limited time and space
Research was the sole source of support for intervals, calibration of the wind stress
NORPAX; subsequently, by formal interagency fields used by FNOC for forecasting, and
agreements, NORPAX has undergone an the computation of surface heat fluxes

3 expansion of effort under joint sponsorship from standard ships' weather reports.
,with fNSF (IDOE). At the present time,
there are about thirty co-principal investi- The ADS treats oceanic phenomena too
gotors at fifteen academic institutions and large and long lasting to be studied by
government laboratories here and abroad engaged classical observational techniques.
in NORPAX. Although the main sources Research vessels, for example, cannot cover
of support are ONR and NSF (IDOE), some broad areas in all seasons for the years
individual NORPAX investigators are necessary to adequately characterize the
subsidized by other Navy sponsors, NASA, development of anomalies. A particularly
and NOAA. Participants from Germany, successful data collection program
France, England and Japan are supported implemented for the ADS has been TRANSPAC,
mostly by their own governments, which utilizes ships-of-opportunity to

obtain about 500 XBT observations per month
Management of NORPAX resides with the along the trade routes from the U.S. to

co-principal investigators, who annually Japan. Half of these ships are of Japanese
elect representatives to an executive registration. In addition to serving the
committee which oversees the entire program, scientific needs of ADS, TRANSPAC provides
formulates plans and policy, coordinates over 50' of the synoptic XBT data radioed
various activities, and represents NORPAX into the FNOC from the Pacific region. A
to the sponsoring agencies and the outside TRANSPAC extension into the equatorial
scientific community. Members of the Pacific between 200 S - 20°N (called
executive committee select a chairman who EQUAPAC) involving French scientists from
is assisted by the program administrator, the Office de la Recherche Scientifique

et Technique Outremer (ORSTOM) in New
Most of the NORPAX activities can be Caledonia is also operative.

subdivided into three general groups: the
Anomaly Dynamics Study (ADS), the The NORPAX Equatorial Dynamics Study
Equatorial nynamics Study (EDS), and the (EDS: focuses on the banded east-west
Atmospheric Climate Study (ACS). current system that exists in the low-

latitude Pacific. Immediate goals are to
The Anomaly Dynamics Study focuses on describe the space and time variability of

the several processes responsible for the the currents and to establish the design for
development of large-scale, near-surface, a relatively inexpensive observational
thermal anomalies. Navy support is system for monitoring long-term interannual
primarily directed to this study because fluctuations. A major field experiment,
of its application to underwater sound coinciding with the period of the CARP
propagation. To test various hypotheses World Weather Experiment, is now in progress.

about these processes,a major field Although the EDS is primarily an NSF-funded
experiment is underway in the central effort, the Navy is assisting with data
mid-latitude North Pacific. Planned for a collection. For a previous experiment,

minimum of five years (1976-1981), the eight long range P-3 aircraft provided by

experiment consists of the measurement of the Naval Reserve, NAVOCEANO and NOAA,

surface currents using satellite tracked dropped AXBT's to obtain frequent tempera-

drifting buoys, measurement of the ocean ture profile sections between Hawaii and
thermal structure to the 500 meter depth Tahiti. Similar assistance is being provided

using expendable bathythermographs from for the current experiment.
ships and aircraft, measurement of the

~5-3
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A third component of NORPAX, the POLYMODE builds on two previous large-
Atmospheric Climate Study (ACS), is designed scale,intensive eddy experiments conducted
to investigate ocean/atmosphere interaction in the 1970's. The POLYGON (USSR) and
on climatic time scales. Scientists working MODE-l (US/UK) programs studied and
in this area use large historical data documented the presence of mid-ocean
bases to develop statistical/phenomeno- eddies and tentatively explored their
logical models of the response of the nature and importance. POLYMODE
atmospheric circulation to sea surface experimentation began in 1975 and concluded
temperature anomalies. Using these in 1979. The experimental program is
techniques NORPAX scientists were able to divided between statistical-geographical
forecast the general patterns of surface exploration and local dynamics. These
temperatures in the U.S. during the winters areas are complementary, and were carried
of 1976-77 and 1977-78. out simultaneously with some overlap in

space.
NORPAX has already demonstrated some

of the potential benefits to be derived for The statistical-geographical work is
terrestrial and marine weather forecasting. aimed toward determination of the
Though the research objectives are funda- geographic occurrence and variability of
mental in nature, the scientific philosophy eddies in the North Atlantic Ocean. Arrays
of the program has been pragmatic, of 6 to 12 moored stations were set by the
emphasizing quantitative results, and pacing U.S. on either side of the Mid-Atlantic
experimentation with data processing, Ridge and in the North Equatorial Current;
analysis, modeling and evaluation, by the U.S.S.R. on the Hatteras Abyssal

Plain; by Canada in the Gulf Stream
POLYMODE Extension region; and by a U.K./France

F.R.G. group in the northeastern basir
POLYMODE is an international cooperative the Atlantic. Each of these arrays we

investigation of low frequency, medium-scale in place for a year or more. Tke final
motions in the sea. The program focuses on U.S. array was recovered in Oct er 1979.
the statistics and dynamics of mesoscale
eddies, which, since the early 1970's have The local dynamics work was 'esigneo
been recognized as a dominant factor in the to examine one or more eddies closely for
medium freque ncy processes in the ocean. a shorter time in one location and tivide
Little is understood, however, about the a quantitative assessment of the pro, sses
role of eddies in the large-scale oceanic involved and the dynamics of an ddy. The
circulation or their possible influence on intensive experiment (Local Dynamics
underwater acoustics applications, meteoro- Experiment) took place in May-July 1978 on
logical phenomena, marine biology, and the the Hatteras Abyssal Plain.
distribution of chemical and physical
properties in the sea. Theoretrical efforts in POLYMODE

included modeling eddy processes and
POLYMODE participants are the U.S., comparing the results with field

U.S.S.R., U.K., France and West Germany observations. A number of theoretical
(F.R.G.). The U.S./U.S.S.R. activities are and empirical modeling efforts are in
coordinated under a bilateral agreement progress both within the U.S. and in
administered by NOAA; the Canadian and cooperation with the U.S.S.R. Exchange
European work is coordinated through UNESCO/ and interpretation of POLYMODE data will
International Oceanographic Commission's take place on several levels. All data
Scientific Committee on Oceanographic will eventually be archived in the World
Research (SCOR). U.S. efforts are funded Data Center.
by ONR and NSF (IDOE). Initial publication
of results is expected in 1980.
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I
Mixed Layer Experiment (MILE) Data analyses will be conducted over

the next several years with emphasis on
The Mixed Layer Experiment (MILE) was timely completion of the analyses and

a joint U.S.-Canadian investigation into dissemination of results to the scientific
processes governing the structure of the community.
upper ocean, with the ultimate goal to
predict the state of the upper ocean for Joint Air-Sea Interaction Project (JASIN)
any given set of atmospheric influences.
Particular attention was given to the The Joint Ai'-Sea Interaction Project
deepening of the well-mixed layer during (JASIN) was initiated by the United
the passage of storms. Kingdom by a proposal of the Royal

Meteorological Society in 1966, and is
The observational phase of the part of the Global Atmospheric Research

experiment took place about 600 miles west Program (GARP). JASIN's objectives are
of Vancouver Island in the vicinity of to observe and distinguish between the
Ocean Station P (500N, 145°W) during the physical processes causing mixing in the
late summer of 1977. Three ships and 10 atmospheric and oceanic boundary layers to
major experimental groups, supported by relate them to mean properties of the layers,
ONR (lead agency), NAVOCEANO, NOAA, NSF, and to examine and quantify aspects of the
Environment Canada, Canadian Coast Guard, momentum and heat budgets in the atmospheric
and Canadian Forces, worked together to and oceanic boundary layers as well as the
obtain detailed meteorological measurements fluxes across and between them. Approxi-
and spatial/temporal observations of mately half of the project is devoted to
currents, temperature and salinity at meteorological observations and half to
numerous depths with particular emphasis on oceanography, with many of thE proqrdns
the upper 100 meters of the water column, strongly overlapping the discilines.

Although the meteoroloqical aspects of
Most oceanic current models are two- JASIN involve both large- and small-scale

dimensional with a horizontally uniform processes, many of the oceanographic efforts
ocean assumed. Development of more are on scales smaller than some tens of
realistic models depends on understanding kilometers in the horizontal, and tiire
how the three-dimensional near-surface scales less than a day. The goals and
structure evolves under storm conditions, methods overlap those of MILE, tho
For this, measurements of vertical mixing advantage of JASIN heing a greater con-
processes as well as meteorological and centration of ships, aircraft, and people
other oceanographic data are required. during a longer and larger field experiment.

MILE brought together a coordinated Field trials in 1970, 1972, and 1977
experiment that was possible only because were devoted to preliminary exploration of
of successful instrumentation developments scientific and engineerinq aspects of the
supported in previous years by the Ocean intended major joint experiment, which
Science Program. MILE was designed to occurred in July-September 1978 northwest
achieve the next level of understanding of of Scotland in an area bounded approximately
the mixed layer and to assist in establishinq by 57-60ON and 9-14 0 W. The site was chosen
a capability for calculating from external to maximize the chances for a sequence of
parameters (surface fluxes) the future strong meteorological inputs to the upper
state of the upper ocean in terms of mean ocean, and the experiment was designed to
and statistical representations of currents, observe both the inputs and the oceanic
temperature and salinity. Such a predictive response to them. Meteorological ships and
capability of upper ocean dynamics would have buoys were stationed at the corners of a
valuable applications to supporting surveil- 200 km-nn-a-. ide trianqle embedded in a
lance and ASW systems.

f-5i
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larger area covered ty oceanographic zonal and temporal variation in the upper
moorings. Roving hydrographic ships thousand meters.
continuously surveyed the larger area, and
six to eight oceanographic ships maintained Il)EX was designed as an IDOF lirojec"
work schedules in an intensive mooring zone and is eing supported in the ,,1ted States
in the middle of the meteorological by NSF, (;HNR, A.JN bASA. Foreign participants,
triangle. comprising research groups from the United

Kingdom, West Gerlmany, Soviet Union, Italy,
The Royal Society is the lead agency; India, France and Australia, are supported

other participants are Australia, Canada, for the most part by their own governments.
Denmark, Ireland, F.R. Germany, Netherlands, Much local work is being accomplished
and the United States. Tho last four through significant cooperative efforts with
countries provided ships and aircraft for Kenya and Somalia.
the observational programs. Eleven U. S.
laboratories representing private academic Data sources include satellite, ships-
institutions, NOAA and the Naval Postgradu- of-opportunity, and military snips and air-
ate School are involved. There is also craft, inclucing Indian naval vessels, in
Liner Navy scientific participation for addition to the research platforms of
"atellite sensor validation and imaging. several participating organizations.
Major funding for the U. S. contribution is
provided by ONR and NSF. Less than a decade ago, little was

known about the Indian Ocean beyond tne
A data meeting held in 1979 will be general outlines of the circulai-r, lv'vttes.

followed by a science workshop in 1980, The large data base ;ovided by I'NiL' etorts
probably in Europe. Scientific results are contributes 'lot or',y to nderstading the
expected to appear in 1980-1981. dynamic processes in the air-ocean environ-

ment, but are nighly supportive of anti-
Indian Ocean Experiment (INDEX) submarine and environmentcl prediction in

this complex ocean area where the UInited
The Indian Ocean Experiment (INDEX) is States has growinq economic ana military

the oceanographic complement to the inter- concerns.
national meteorological Monsoon Experiment
(MONEX), both being parts of the First GARP FRAM (Arctic Research Proqrar')
Global Experiment (FGGE). INDEX is exploring
the interactive role of the ocean with the The first i ;naso of the ,-ctic
Indian summer monsoon,the strongest, large- research progra,, lRA , af1r- Vridtiof
scale, long-period variable forcing that the Nansen's notablo Arcti resear(h vessel and
atmosphere exerts on the ocean. Preliminary expedition (I ;-I-961 oi the same name,
field work was begun in 1973, with especially commenced in Iaych 197,l. Investigators from
intense observations in 1975 and 1976, in seven institutions in four countries
order to design the experimental program for (Canada, Denmark, Norway and the Ilnited
the FGGE period, 1979. The areas of princi- States) encamped on a Iriftinq ice island
pal interest during FGGE are the development approximately 20C) nin nor ,.h of Greenland.
of the structure of the upper layers in the Studies are beinq conriucted in o~eanooraphy
Arabian Sea in advance of the monsoon; the and meteorology, sea floor properties, ice
onset and structure of the Somali Current, dyna:miics, urderwaer acn'tihs and polar bear
especially the various inflows and outflows; miqration. Th, field riroqrawn ercompdssed
the time and space variability of eddies off about four weeds, servin(i a, a ,uccessful
East Africa and their relationship to other pilot project f(r FRAM I, for which experi-
circulation phenomena; and the vertical mental work is ,che,l il' to begin in MarlO
distribution of current along the Equator in 1980. Plan,, r e t( I, n ' Ii i en Iific
the western Indian Ocean, particularly the party again on a l r, d It , a(it ablot 200 nm
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farther to the north, if possible. Thickening of the lithosphere with age will
be investigated from seismicity along the

RIVERA OCEAN SEISMIC EXPERIMENT (ROSE) Rivera Fracture Zone and thickening of the
crust with age from refraction data. Other

The Rivera Ocean Seismic Experiment planned studies concern acoustic wave
(ROSE) is a multi-institutional project to propagation across the ridge crest; shear
study the structure and physical properties velocity of the crust and upper mantle;
of a young oceanic plate and its associated geometry of any magma chamber at the rise
fracture zones and ridge crest. Emphasis axis; correlation of variations in "layer 2"
is on propagation of low frequency seismic velocities with age, and anisotrophy in the
energy in oceanic crust. Early in 1979, upper mantle and variation with age. Such
approximately 60 ocean bottom seismometers Ocean Science Program research not only con-
(OBS's) were deployed on the East Pacific tributes fundamental scientific knowledge of
Rise near 120 N off the west coast of Mexico. geophysical properties of the Earth, but has
This area is a young ocean basin still being the potential of demonstrating how low fre-
formed as the continental crust drifts away quency seismic energy propagates in oceanic
from the Mexican mainland. The experimental crusts, a phenomenon with practical ranific-
plan included an active phase in which air ations for the Navy in its sea control
guns and explosives provided controllable mission.
seismic sources, and a passive phase, which
used the large number of earthquakes on the GEOSECS
active Rivera Fracture Zone as high energy,
low frequency sources. Scientists had GEOSECS (Geochemical Ocean Section
estimated no less than a ninety percent Study) is an IDOE program and the most
chance of a measurable quake occurring during extensive chemical oceanographic research
the experiment; in fact, one quake measuring project ever conducted. The objectives, to
4.5 on the Richter Scale did occur, as well establish global ocean baselines for monitor-
as several smaller disturbances. ing environmental quality and provide input

Energy levels recorded at the OBS's for quantitative analyses of oceanic mixinq
during both phases are being analyzed for and circulation modelling, require that the
seismic propagation, attenuation, and aniso- analytical methods used by all participants
trophy in the oceanic crust. Additional be standardized. Years of instrument and
experiments included digital multichannel technique development preceded the six-year
seismic profiling, ocean volume acoustics us- sampling program, which concluded in 1)7".
ing a vertical hydrophone array embedded in Nearly 400 stations were occupied in the
the OBS array, and seismological recording Atlantic, Pacific and Indian Oceans. The-
stations on Baja California and mainland stations were located along north-soLith tran-
Mexico. The field work required approxi- sects that generally coincide with the oaths
mately two mpnths. It will be a least two of bottom water movement. Samples of water
more years before all the data analysis and and suspended materials collected at ip t(
interpretation are completed. Special 44 depths are being analyzed for near-'l 40
arrangements have been developed for sharing physical and chemical constituents. By (o,-
and ultimately archiving a mass of data that paring the concentrations of these at the
will probably equal a year's output of the various levels and locations, it should be
World-Wide Seismological Network. possible to draw quite reliable (.on( lu',ions

ROSE is being jointly sponsored by ONR about the mixing and reaction processes i!
and NSF. In addition to six private U. S. the deep ocean, and inter(hanqe of material
univrsities and institutions engaging in between the deep and surfa e laycrs and the
this project, scientists from two Navy labo- exchange of water and gases with the atmos-
ratories and investigators from Mexico and phere. OFCIS[(S involves laboratories and
France also participated. scientists from seven furopean and Asian

The scientific objectives of the experi- countries,, Canada, and fourteen instil itinn ,

ment cover a wide spectrum of interests, in the 1united States. The /V', MiVIII I

C,7



and KNORR, AGORs assigned to the Scripps and investigate the temporal and spatial vari-
Woods Hole Institutions of Oceanography, ations of the high energy boundary layer and
respectively, conducted most of the field its interactions with the seabed. The
work. Although the National Science Found- 6-month phase is designed around a network
ation is the principal funding agency, the of seafloor landers, which are being devel-
Ocean Science Program contributes through oped under NASA contract by the Jet Propul-
support of research facilities and individual sion Laboratory of the California Institute
scientists. In exchange, the Navy's oceano- of Technology. A Master Lander and nearby
graphic technology base is significantly en- vertical array, surrounded by 3 or more Out-
hanced by addition of an extensive, unique station Landers several kilometers away, will
data set that will support environmental pro- be placed on the ocean bottom in the Western
tection and ocean modelling research for many Boundary Undercurrent at about 5000 meters
years. depth. Individually, the landers, holding

vertically mounted, multi-instrumented arrays,
HIGH ENERGY BENTHIC BOUNDARY LAYER will provide measurements of tne current
EXPERIMENT (HEBBLE) velocity, temperature, conductivity, in' ccifi-

(entratinn of sijlien e(; particulaAe riatter at
The High Energy Benthic Boundary Layer several deptns ,. d fon(_tion of time. Simul -

s)eriment, HEB9LE, is a series of investig- taneously, the network will provide data on
ations to determine the role of high energy the horizontal distributions and spatial
bottom current events in causing variations gradients of these variables. The Master
in the structure, composition and aroustic Lander array will also obtain shear stress
properties of deep ocean sediments. The within the Layer by means of an acoustic sen-
trobadility that this goal can be success- sor; sediment characteristics isinq a shear
fully accomplished is to a large extent con- vane; particulate '-,i:e, density jr,! tlux,
tingent on a second goal: to apply NASA's using acoustic bairscatter, holoiraphic and
system engineering expertise to oceanoqraphic optical te(hniques; and photoqraphs of toe
problems, and transfer the technology to bottom with five aneras All systems have
ocean scientists, data storage iapd Ity for up. to 6 months.

The HEBBLZ plan evolved from workshops At least a dozen OY':. ,(uitract institu-
sponsored by ONR in 1977 and 1978 to promote tions and Canadian ie', ,i> h rqanizcitions
interaction among diverse groups working on are planning partiti ,dtion il -i[B [t . the
boundary layer problems. The benthic bound- Navy's Tiratt i ifttr'i it the inthi(
ar layer is defined as extending from a few boundary layer invol ve,, )um'rui t ",'iSor
tens 'f meters above the ocean floor to a about physi(al, jeoloqll. ( ii 'cc al andl
7ew tens of centimeters below it in the biol oqical etfe t, i, i rliwardw ani r ' it It-

oieans' abyssal plains. Surprisingly strong ant implication-, ot t nrt intrv itiv( t r t-
currents occurring intermittently within this (es,*es Onl variu St ,trti e''. 'tu,

laver mark the high energy zones, which are Wf I 0[1 1! wmI1 ai1 .it Ii twi ll i]il' t v
assCciated, in qeneral, with the western of luAp iv',tf 1 ,i , ,,,,',t, til, i e'
boundary currents,. ()()I-. ill viiew i* tht' V t' ilitI'lo ti" -Itl

t nf' interf-t is lt I ol I t I i' I't I'mA
The site selected for HEBBLE is in the c',1ellk ; '. tm . i t tt' . , I,i

western North Atlantic, on the Scotian ',ho'lf or, ,,! U 't ii, , .ii' 'II,[ it id

There are several elements to the projie(t: ii, ', i' ' .ti it tO,' " if,

site surveys and physical reconnaissance, to i : , i
idletify suitable areas; laboratory ,xtocrt -
ments; modelling and simulation; several -

day deep sea experiments to determine
necessary measurement rates and pos it iorn •

and one or more 6-month experitrent', t,)



Maritime Remote Sensing Experiment Measurements of the wave-induced modulation
(MARSEN) of the atmospheric boundary layer immediately

over waves were also taken.
MARSEN, a field measurement program focussing
on coastal zone and shallow water problems, MARSEN also investigated the feasibility
took place from July to October 1979 in the of using infrared and microwave radiometers
North Sea. Over 200 investigators from the and synthetic aperture radar imagery from
United States, West Germany, France, Nether- both aircraft and satellites as an all-
lands and the United Kingdom participated. weather capability to track oceanic fronts.
U. S. sponsors were ONR, NASA and NOAA.

Other objectives involved chemical sea-
The experiment was designed around truth measurements, artificial sea slick ex-

several major research objectives, the most perimentation, and a study of aerosol
important being to investigate the inter- generation by white caps.
actions of surface wind, waves, currents and
storm surge, including in particular the The observational density achieved is
transformation of waves and currents in the probably the most intense ever attempted.
nearshore zone. This is one of the most Oceanographic and meteorological data were
difficult coastal zone oceanographic prob- collected by seven ships provided by West
lems, and its successful treatment requires Germany and the U. K., two research towers
the simultaneous measurement of many differ- and several oil platforms already in the
ent processes. The goal is a joint -torn North Sea and at 10 island and coastal
surge/wind wave prediction model that will stations. Additionally, about 25 moored
take full account of the interaction among buoys and 25 drifting buoys recorded wave
the various processes and with the variable motions. Eleven instrumented aircraft were
bottom topography. provided by the U. S. and West German Air

Forces, NASA, and participating agencies
Surface currents in the presence of from France, The Netherlands, and West

ocean waves and the ocean wave spectra were Germany. The TIROS-N and NIMBUS-G satellites
measured by means of HF- and Dual-frequency obtaineo areal data in almost real time.
microwave scattering. Wave rider buoys, NIMBUS primarily observes atmospheric phe-
pressure sensors and wave staffs provided nomena. TIROS-N, with the highest resolution
direct wave measurements; aircraft obtained infrared sensor capability of all the space-
data by synthetic aperture radar (SAR) craft, was most useful for detecting oceanic
techniques. Laser profilometer records were fronts and general mapping of sea surface
also obtained by aircraft. Currents and sea temperature in clear air.
level measurements were provided by conven-
tional meters and tide pressure gauges. MARSEN exemplifies the advantages of

multi-institutional, interdisciplinary
A second experimental objective was to research. By combining resources, a spect-

obtain sufficient data to construct new rum of scientific objectives involving inter-
models to predict the dependence of the active processes and observational techniques
modulation transfer function on ocean wave- could be approached as a continum on real-
length, microwavelength, wind speed, wave istic time and space scales, a feat never be-
and wind direction, concentration and type fore possible and one that none of the
of surface active material, and other countries participating would have been able
environmental parameters. This effort com- to accomplish independently.
)rised 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-
isnn with the remote sensing data.



NORWEGIAN SEA EXPERIMENTS (NORSEX) surpassed expectations.

The Norwegian Sea Experiments are a set Due to the global research effort
of bilateral experiments conducted by the required to prove the nev. sensors carried
Navy in cooperation with Norway and are con- aboard SEASAT, international (o,-, tion
cerned with oceanography including remote was essential in proving the satellite.
sensing, ice in the Barents Sea, and near- A significant deqree of European interest
shore oceanography west of southern Norway. has been shown in this program and several
ONR contractors and NRL scientists partici- activities are involved. The Navy Ocean
pated in the "Coastal Experiment", one of Science Program will maintain interest and
many in NOPSEX, carried out in March 1979 possible cooperation with the international
within a rectangle of 5 degrees longitude by SEASAT research activities. SEASAT Users
one degree latitude near Bergen, Norway. Research Group of Europe (SURGE) -- a working
The scientific goals of that experiment were group of the European Association Remote
te obtain data or; internal waves and to Sensing Laboratories (EARSEL) affiliated
investigate fi tal processes and their with the European Space Agency (ESA) --
relationships to waves, eddies and biological has been formed to coordinate the applic-
variations; mixing processes, in particular ation of data from SEASAT in European
tne mixing of fjord water with coastal and oceanographic research. The first nriority
Atlantic water; and the time and space interest of SURGE is the validation pro,:;ram
variability of surface currents and surface which is being coordinated by NASA fro
waves under the influence of meteorological proof-of-concept of the SEASAT sensors in
processes, upwellings and fjord inflow. The detecting ocean phenomena quantitatively.
U. S. participants, using an NRL aircraft Areas selected on the basis of "m:, it' ! i
(P3) and U. S. satellites collected microwave quality of usable sea truth are '. ,,rth
and dropsoide data for atmospheric and aero- Sea and the JASIN area.
sol investigations. The Norwegians are pro-
viding an extensive program for surface
measurements using five special research
vessels plus ships of opportunity, six moored
buoys, several drifting buoys, and thirteen
oil platforms.

SEASAT-A

Developed specifically as an oceano-
(Iraphic observational platform, SEASAT-A
failed in orbit after 99 days owing to
electrical system malfunction. Despite a
disappointingly short life, the satellite
nonetneless achieved its primary objective:
to demonstrate the utility of microwave
sensors for nearly all -weather remote sens-
ing of tht ocean-. SLASA covered 95 of
the (jloba i oceans every 36 hours, trans-
mitting information on ;ea surface winds,
sea surface temperature, wave heiqhts,
internal waves, atmospheric wNater, sea ice
features, ocean topoqraphy and the marine SEASAT-A COVERAGE FOP A hP-nAY PER]I) WHEN COPE
(eoid . The wealth of unique data obtained IS EXTRACTED EVERY THIRE v.
is without precedent in the ocean sciences,
ari, the evaluations thus far compi eted
indicate that, in most cases, the measure-
ment resolution obtained either met or

F - I P1
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Oceanography is more than a benich scientce. 1(
The character and quaIi ty of oc eanocqraph i
research, and the achievement-, atloined in T
understanding oceanic processes, are directly d-p
related to the platforms, instruments and addd~t
other special equipment that ocean scientists
hive available to thenm.

SH IPS

The ROBERT D. CONRAD (AGOR-3) delivered riieateilri o1 I V (e
in 1962 was the first new construction ship grpi t'
bill: by the Navy especially for ocean re- tion of If",ni Ci I' (I itk

search, and only the fourth U.S. ship built rnrov ide a liecrid0,,!'I-or loni rIII.'
for that purpose a lone. When the Navy embarked at i rr the it ~ M nor
on a vigorous oceanographic ship building facilitiec Tilt o(a'lt Ulj t~

program in 1960, it culminated ten years of Fisheries 'i'rv-JL I-
effort by the Office of Naval Research to and it ,j"i td
generate support for a modern U.S. ocean Atmos oner i c '. Tinr ~ ' ,r
research fleet. Through the 1960's the Navy v ide sn. i ( S.-r 1
funded some twenty new vessels for oceano- I-e ,e a r,~ ( M f
graphic research and exploration. The AGO? -

Auxiliary General Ocean Research - class ships SJ'Pt B >iV
underwent several design changes in the course Urea: It. Kil ,mit
ofl the construction period. MELVILLE (de- dir-ect. o1(r,(t-0, ul 1
1ivered 196 ) has cycloidal pronel lers fore verity suract, t ~ r 'c
and aft that enable her to maintain a fixed ft-ori Alex,\dedeK, t~i 1', 1 1-- Le

geographic position (station) in currents of timies, as _,ceanl ii K).-,
I knot and 40-knot winds. HAYES (dl 1971) is fl1edg ed ,,- en~~ i u Cu "C Tli e ! 1d!1 & 1P-)(,A 1g
a catamaran. The last AGEIR, MOANA WAVE (dl desire for a 'eies !,'e, t er'v,! i
1975) and her sister ship, GYRE, are configured particularly,. i,( I nnr
after the supply boats used in the oil industry, Ort beejthic- j)( ci ' , K 'wt

They have long, open a~terdecks ideally sui ted St te ec 1. e( s2) ihle ie 61(
Vot' easy installation and removal of heavy with theI ca20 'iv 1

K1u~ ~a
equipmtent, and for handling large instrument bath )caphf IT I L , d (I d~'"~iTl I * VOf
arrays . Some of these ships were provided to manned submersihU]es hacI emergjed, rang 1r-
It-R s princ ipal contractors; others were sal 1 , one -man submar i nes, or texlp oral a' i!
assigned to various of the Navy laboratories, the con ti rie eta 1 oelI f ti veh)ir lIes cjd 1 e) t)I

extended ();'e at(t ion a. cr..! dept h,,cm a n der-
The high cost of ship operation, however, the Arcti( 1ta. In !he (ontiniliq develop-

hIas reduced the number of AGORs still in ment of1 deer, ,(ac h,-r veahii *ehe tteal
service to 12. and has led to a searc;h i - prt taydp:'i' ' aeil

for more efficient way-, of managing the limited are beinq falI , dtied Ai~i testri; tcep
dasse t . of 1 1- f f ,j ppt :. , 1i ti 1 1 omnilul, ii( dt 111

*The Naval Oceanography Command now andtto- mpit i ;'a're':'tapdrill .a P 1g ha1ve

operates a ''pool'' of three, ACLORs for- use by ben al If -,i j I ri( ,irt aft lel hi i:'v e

the Navy Laboratories,. At MRN (lontr1.11t labor- vehclt P i ( o I '1 ,, %! - it d rf ri id inq
a tni ips, university and ie-,titiitionally owned power r '1) itm tIrIA ilfevr It oreat

research vessels, are often usdin addi t lion dep)ths, airt (i It- ir~fet iqa! 1fti
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THE NUCLEAR RESEARCH SUBMARINE NR-1.

" I.

A

SELF PROPELLED UNDERWATER RESEARCH VEHICLE (PIJRV) 1, Ar 'rAV- Vilrt
WITH A DEPTH CAPABILITY OF 3600 M. (12,000 FT.). THF Vf-,ICL. I- C ,R.fTI V
BEING USED IN THE STUDY OF MICROVARIATIONS IN THli O C (TPITT!Pf.

..,o I II FI' II '''' - 'l l I I ..... I , , ' .... .. . I



Fl GATING INSTRUMENT PLATFORM (FLIP),
A SI REEARH PATFRMBEING ERECTED
(FLPPE) T A ERTCALPOSITION FOR

X.-STATION OCEAN ACOUSTIC DATA COLLECTION.

VERSATILITY OF THE DEEP TOP
INSTRUMENTATION SYSTEM, DE-
VELOPMENT OF WfHICH BEGA'N IN
1960 BY THE MARINE PHYSICAL
LARORATORY (SIO), IS INDI-

cl CA TED PY 0PTIONAL ADDITIO' C
SUCH AS THE REMOTELY CN
TROLLED PLANKTOnp '[T F,'P'
DEEP OCEAN BIOLOGICAL %'

LING, AND REMOTELY COlJTP)LLF:)
- WATER SAMPLE BOTTLES .

ALV I'N PREIIAP INr FOP LA!ThICH.
THE BABY S1iBMAPINF IS
-'fPFPPTFD-[ BY THE H]OOPS HOLE
CFnrjnppHIC INSTITUTIOIN 4b

5Flr THF I.S. PFSEAPCH ,
KW~jN I TY. COSTS AREf ..- 2

SHPDBY NAVY (ONP), NOV A
N[) N SF



A I CRAF T A\EJ SATFLLITFS5

Several ai rcrat t ,pec i fi cnl ly dr-s cid
a and equ pped for oceanogra phi ~.researc(h
1 1p)po r t 1 nn r ou s s tud ies, i n t' %da; W
Research Program. The Nava 1 Researcsh
Laboratory technically controls and operates
four aircraft: an IC-l?1, two P-3As and
an S-I?. The Naval Oceanographic Office7
technically controls and operates three
a ircra f t: two P-S'As and a P-3D. e rv ies,
of otner aircraft owneG by the P avy and/or

o~rgovernmenct agencies are util1ized fre-
fct? or scientific investigatiors
special arrangemients. These highly
icdaircraft are equipped with an

*e'-ive array of oceanographic, acoustic, RP-,A OPO AIRCRAFT J11") LD
cip ri. eorologicail instruments ; integrated, [FRHLOATP Fy
o;--iter-operated navigation systems
:o)si r ing of inertial, satellite, and
orn A-C navigation capabilities; and The global nature of oceanogr,,,, am r, a

Aopoi~ficated, computer-controlled data meteorological monitoring problems of ,o ni avy
- (or rg/processing systems. The basic make satellites uniquely suited tr coil rf

icaorphi c/meteorol ogi cal1 sensors include requi red olbservations, antjan, ii , i oe s e
ai infraren radiation thermomieter, a ar e alr ea rj :rT i a' nOi
hel i um- neon l aser for pro f iIi ng i ce satellIi tes, are LenefH r at
ridges and ocean surface waves; expendabi- sea, so much of whi~i i' il *.rid rl Gr v,,r,
telei:otering bathythermographs for vertical accurate positioning. , r c- ,s Iro rt

*sea temperature profiles; an infrared speed obtained from an a e 11
sanrfor mapping surface thermal features; in gotion, have been iml~e 'acira-

*-eteorological instruments for measuring positionino, wihich neri-iW Jef~rriinrtier -)
*Flig;ht-level air temperature, humidity, rate of drift. dse of .111 I-,_ fro

Pressure, and dew point; mapping camera and metering oceanopra;rhii Ila fro'- re'cf t,' cv

rip arnera . In addition, the aircraft systems nas h)c~ p05 /~iv T5

ire canable of accurately placing sonobuoys era I reseacs- r1 1 c ', ( .
and AJ5 (Sound Underwater Signal) charges
for acoustical measurements, and charting Sa tel Ii t e imcasL'u n' o f te 1 ( i tr ae
toe earth's magnetic field with magneto- temperature ( ' ,T' hav, oe rcfired I c no:
ieters and gradiometers. Low light level extent that NOA, s %atonal Fnvlrco: coital
snlevision (LLLTV) systems and photo- Satellite Service (WS reconflY in i .( ,
:r eters have also been used experimentally an operational SS prnducl ri! , a~ ac ,-ral-y of
to obtain measurements of bioluminescence. +1.5 to +?-?.PC absolutc ,Ir rel,' ~i vye ) j

New applications of these aircraft in the %')AA Scanninrg R<cdi oreter Herlor P .f1i noc,-
cengahcresearch and surveys are mont s of the da ta pro(f5' innrg the-nc ci

added each year. Their employment for corrections of itmospheric attenuation H'
,,iecking-out and demonstrating the humidity ant! cirrus cld aind 10, o'fi''
val idity of different satellite sensor surface truth informlation fi or oin '' civdi
systems, was (and is) an imiportant step ti ons . Beginning in 19,-7, more preHi e measure-
toward using satellites to obtain near- rents (+ 0 C absolute, +0.5'(I relative,) ivre
synnnptice oceanographic observc tiens obtai ned from the flefens e Meteerolnle; Pal
gIlohal11y. S)atell1ite Programn (D ,P ste.lite and the



TIROS-N Advanced Very High Resolution Radio-
A meter and Operational Ver t icalI Sounder 'Ant nod fu 'rdti au iv(I ni a~ it

Scanning Multichannel Microwave Radioc'ieter are being developed at a rlc'iLer of labornt.-i;
(SMMR) data from NIMBUS-G and S[ASAT-A should for a wide range of applications.
-rYrv ide all -weather SST measurements with an
3ccuracy of approximately +l10C. !l)Y 'Irhi a CtlviT 1(1

ti~9r vdP i avloet nd rna
SEASAT-A, the only satellite designed tiondl pr ljed an dri r l have been r~tain(,:

solely for ocean monitoring, produced proof of from tIle K K* M 3 CM
a satellite's potential for quantitative LAKODSAT , KYI L4B13 1"7 and 4PCILLT
research purposes, as well as for synoptic satel I Itt2 tc fi , i I i t i e- hav e
environmental observations. SEASAT-A was b e dev - ir,, o e, i r lonrI ,e aboard -ahips
jointly sponsored by Navy, NASA and NOAA to and at vnnre Std'' H frStKIto

inivestigate the feasibility of microwave cessinq center a,- trie r 1n~t .r -ar
senc,-s for obtaining near all-weather obser- Center oenan rruhs1 -.. aij'§d'K

vi - ion s. A wealth of data was transmnitted of -eCei ving and 'rnaar ata r~J<
rCe an elIec ti1calI fa ilIure occu rred a fter GiiK CL I- Seea K j rl Ii

'9days in orbit. SEASAT's suite of f or p roc e s sng , il I z n(, andI enliarrig
r, o i nclIuded a rada r alIt imeter , mllicrowave sat e I te carll pro c er, pro ec t sj;n)r

!,auai catterometer, synthetic aperture imaging sensor, -oiTTLMlwrl .ton,,- technic,,' vc00
rdarl "SAR) , miicrowave radiometer ard a visible Ilierl n t- ed sc wI"11 T, I r-, *d

ana_ infrared radiometer (VIRR) . The altimeter
measures wave height to within a meter, and SPEC,' ALIK
the ocean geoid (as departures from a perfect
spher'oid) to within 10 centimeters. Repeated t cc e.* sc
measurements of the surface topography sponsorec: by cm r 'rif

permlit detection of changes caused by gravity allI be met 0by shi iuo ihe sa lte5
variations, deep ocean tides, surges and and aircracc. LrCMr ]ur -

currents . the scatterometer measures fine water phenovrena ttir, c 1 11 '1) '., ol
scale surface roughness to obtain wind speed f ixed ocean p! a tt -1% a '' wr 1 S

and direction; the SAR provides imagery of forms , or- cowers, at,- ts- i ItH t,- 1r '

ocean waves, ice roughness and concentration, the rIaval Ocean t:,t rn. . re

and coastal conditions to a resolution of 25ml San Diego and two %aV, " rCsal ys'is l-I f'rr
over a 100 kmlr swath. The radiomleters measure (NC)C ) towers niear d l i'I
the temperature of the sea surface and image Sensor stabi 1 i ty d r c1'nd

ocean, cnictal and ice features. The mnicro- ocean acoustic05 r antl iann - -

wave sensor also obtains a measure of foamT with ships. K P IOa lrin Q tI l

brightness, from which wind speed can be form) was Ileve1ll (1 hy Yrr~ ar no
derived, and can 'see" through clouds. The Physical Laboratioryv unu' IlK t-'uV"cn,

visible and infrared radiometer can only image resolve this probl(a' 11 ,I lt- VCi -rv

cue earth's surface in clear weather; otherwise, high sea states- it l~OVE', vo'rtir I tflar

cloud cover patterns are produced, one foot in waves "J tttm iiiH1

longj, canl ne towie r 'Ill r i I'

Al though Navy env ironimenta lists al1ready t 1 ca ci rig nor izortil I ' ''HI. i I

mTa e fa irl Iy neavy use of sa tel Ii te da ta far to a Iart- Ica Ir ;)- r j,,!( 1i

orediction and research, the potential has al low"t arn~ntc' 'Ii -'' l 1 :,r. -

barel / been tapped. Satell1ites already -- or ill I L ej Sri~I it ti ' I 0"i 1 , I t h-
,oon to be -- in orbit have been variously vertica i 1 'i

(If-Jigned and instrumented for particular with fic i 1 t iwS inntn at'i i-. ai h ' t Wa ter -
pturprises, but the spin-off benefits for ocean l ine. 11),V a n'I

science can be great, even so, and the Ocean v iil (I H ti I[''

Science Program supports efforts to ensure tn nligJht '

that these possibilities are not overlooked.



DISCUS BUOYS 12 M. IN DIAMETER, ARE BEING DEPLOYED BY THE NOAA DATA tuOY
OFFICE (NDBOi TO SELECTED SITES IN THE DEEP OCFAN TO OBTAIN SYNOPT;:_ ,ATA
FOR WEATHER FORECASTING AND RESEARCH. THESE LARGE BUOYS, WFlrHINr, O TONS
WITH MASTS EXTENDING 10 M. ABOVE MEAN SEA LEVEL, CARRY INTRUMFNT- FOR
MONITORING METEOROLOGICAL VARIABLES (AIR TEMPERATURE, BAROM[TPIC PRESSIJRF,
WIND SPEED AND DIRECTION, AND RELATIVE HUMIDITY), WAVE HEIGHTS, AN[) SEA
SURFACE TEMPERATURE, AS WELL AS ON-BOARD DATA HANDLING/f)ROCFSSING CAPA-
BILITIES WITH 1UHF AND HF RADIO/SATELLITE COMMUNICATION SYSTFM.

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

2
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Yet another special type of platform is chambers and a large wet chamber capable .
the Oceanographic Research Buoy, ORB. ORB is simulating water depths to 2250 ft. The
a large square barge used to handle heavy principal purpose of this facility is to
objects at sea; a big center well protects support development, testing and certificition
instruments being lowered from the effects of manned and unmanned diving systems.
of wind and waves. ORB is not self-propelled
and must be towed to its work site at sea. INSTRUMENTATION

The requirement for long term measurements Within the last five years, there have
at selected deep sea sites has led to use of been significant new thrusts in oceanographic
platforms moored to the ocean floor to support instrumentation development, driven by require-
instruments at desired depths. The largest of ments for long term data from remote areas,
these are the "Monster" buoys, 40 feet in and survey measurements of greater precision
diameter, with sensors that measure and record and resolution. Oceanography is benefitting
100 channels of scientific data and telemeter from advances in electronics, cable and solid
these to shore stations thousands of miles state technology; measurements which could
away on command. Both short and long (up to not be made a few years ago are now not only
a year) memory devices store collected data. technically possible but economically feasible.
tie first Monster buoy deployed in 1975 served

as a master in an array of smaller buoys moored Major advantages for ocean research will
between Hawaii and Alaska for NORPAX. Synoptic, be the ability to measure ocean phenomena such
simultaneous measurements of atmospheric and as current shear directly and en maae and to
ocean variables were obtained for air-sea obtain measures of certain properties, sound
interface studies. The family of deep sea velocity, for example, directly rather than
buoys were developed by NOAA's Data Buoy Office, by computation.
which is chartered to service interagency buoy
requirements; much of the early technology The Expendable Current Profiler (XCP),
behind such developments derived from research which completed successful testing in October
supported by ONR. 1979, typifies the new generation of sensors.

The XCP measures the variation in horizontal
OTHER FACILITIES current velocity, or shear, between the sea

surface and a depth of 800 meters. The
The Navy Laboratories have unique, measurement technique relies on geolagnetic

specialized facilities which, although not part induction principles: the interaction of
of the Ocean Science Program, benefit it greatly. layers of sea water moving horizontally
Such facilities are also used by other federal through the earth's magnetic field sets up
agencies. The arctic research pool at the weak electric currents in the water propor-
Naval Ocean Systems Center is also used by the tional to the rate of movement. By measuring
Coast Guard, for example. Operational test the voltages between horizontally spaced
facilities such as the model basin and the electrodes in a free falling body, it is then
pressure facility of the Naval Ship Research possible to obtain a vertical profile of
and Development Center are used by many current shear from a moving ship. Several
agencies. The Civil Engineering Laboratory hundred units have been fabricated for
operates a deep ocean simulation laboratory, research programs in 1980 and effort is now
polar environmental laboratory, shallow water directed toward achieving an efficient pro-
ocean simulation facility, diving locker and duction design that will enable survey ships
seafloor soils laboratory. The Naval Air and ships-of-opportunity to obtain vertical
Development Center maintains a ship motion shear measurements as easily as temperature
simulation facility and an inertial navigation profiles are obtained now. The original work
facility which are utilized in system inte- through proof-of-concept was funded by the
gration and technical direction of the oceano- Ocean Science Program as a tool for basic
graphic survey vessels, including the Naviga- research in physical oceanoqraphy; further
tion and Sonarray Subsystems. Navy Coastal development was supported under an advanced
Systems Center's Ocean Simulation Facility is a development task.
unique hyperbaric tank housed in a three
story building and consists of five dry



DRIFTING BUOY CONFIGURATONS (TYPICAL)

a QP' I NLJ w L 0 M I

0 INI L AT AJL A

VANESPLATI BU()

1, 1 I 

FVR 1 
T

.26 T

MEAN DROGUE

DE~PTH -60FT -

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 (NDBO) BUOY 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-OPERATED MOTION SENSING PACKAGES
HAVE SIX SENSOR CHANNELS AND RECORD DIGITAL DATA ON INTERNAL
TAPE CASSETTES. THE DATA RECORDED INCLUDE ACCELERATION,
AZIMUTH REFERENCE, AND PRESSURE OR TENSION. THE FVRs SAMPLE
EACH SENSOR CHANNEL APPROXIMATELY TWICE PER SECOND. BIUOY
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 RAIHER THAN
WATER MOTIONS.
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The Remote Environmental Data System series of cable tethers arid floats with ar,
(REDS), Cyclesonde, and Moored Vertical Profiler instrumented package that varie'- buoyancy ,ia
(MVP) are examples of programmable, self- electronic command and measures water ter 1nra-
contained sensor packages that can be implanted ture, conductivity and pressure s it "f:,;s
and left unattended for periods of weeks to vertically through the water column at
several months. REDS is designed for coastal programmed intervals. Te Rf)fS ard MVP, wK l:f
research and is placed on the bottom by under- operationally usable, are still one-of-a-kind
water swimmers. The Cyclesonde and Moored instruments, but the Cyclesonde is now avail-
Vertical Profiler are deployed from a ship by able commercially although tit a mass pro-
the anchor last technique and comprise a duction unit.

I. FIRST LEG OF THE JOURNEY-- ONE OF THF LOSS
PONTOONS IS LOWERED INTO THE WATER WHILE THE
OTHER PESTS AT DOCKSIDE AT THL NAVAL CEAST'AL
SYSTEMS CENTER. EACH OF THE 50-FOOT LONG,
80-TON PONTOONS IS AN INTRICATE SYSTEM OF
ELECTRONIC CONTROLS, HIGH PRESSURE VALVES,
AND GAS GENERATING EQUIPMENT

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
SYSTEM FOR SALVAGING LARGE OBJECTS FROM

DEPTHS OF 850 FEET. I ,

PONTOONS BEING READIED FOR TOW-- NAVAL
COASTAL SYSTEMS CENTER DIVERS COME TO GRIP~I

- WITH THE TASK OF PREPARINIG THE LOSS PONTO0ONS
FOR THE TRIP TO PORT AFTER LIFTING lHE IST
OBJECT, WHICH IS SUSPFNDFD UEHOW. IACH OF
THE PONTOONS HAS A LIFTING CAPABILITY OF

-- .- 100 TONS FROM A DEPTH oFr5 FEET.
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NIADC'S INERTIAL NAVIGATION FACILITIES

NADC'S SHIP MOTION SIML'LATIu', FAFIT, T~

NORDA'S WA'- Af 11 TY

~FLSDEEP OCEAN SIMULATION LABORATORY.
F "TS INVOLVING IMPLOSIONS AND EXPLOSIONS E

C;AN BE CONDUCTED IN ADDITION TO PRESSURE
[I T IV ITY.
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APPENOIX A

GLOSSARY OF OCE AN(fRAV' 1 PI [

Abyssal plains -Flat areas Ot tre a, ' 11r ) i ,r vi Ch
slope less that I [,d " in 1(,f -f f nund

at the base of the (, 'n,,) n tz

ACODAC -ACC0usLic OAta (Catsul U t1 - nrtffed,

mid-water system ror' obta d nr1r v'r' j t I

measurements of dmbiert itn,.

A(OR -A Navy ship desiqnlti( rin, r ,' r,

Auxiliary, Genero 1 r- fari, : i, f f -'d r ,
class.

AIS -Acoustic Imaginq -

Ambient noise -The noise produced 1 'n tf , ,. " ,IE
animals, ship and inJ a1 . ,

terrestrial moverient,, r 'ar I, ifi!

and other under-wdtet , -r t ik v
outside the measurivq ,,t ttiri iy: tt.
equipment.

ASROC -Antisubmarine ro( et ar, .I ,
ships.

,*,SW -Anti submarine W artar. ' , j . ., i
conducted against onio, t, r ;,. . t ,i
support 1 0( force". dO,10~ ~ r AE

Attenuation -The reduction in elas ii( ,,t tri, .Irrti
wave intensi0ty aaou,d, l, h t ,. .iO ,
absorption, and sfattnri'q , on,. in air,
water, sediments. inock arid ttiet ,a ' ii .

AXBT -Airborne Fxpendahlthvhe,,, :rah. A
device launche(d ftni, i,' l ,a' t tf' ot[t ir

ocean water te'!ueratfro , a, a trif) f n i ()rd a
depth. Data ate t ' tan i ltE, ti Ile air raft

by radio link.



Benthic -All submarine bottom terrain regardless
of water depth.

Benthic Boundary Layer (BBL) -The vertical layer extending from teveral
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 lO00m 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 Navai Research.

CTD -Conductivity/Temperature/Depth sensor

CURV -Controlled Underwater Recovery Vehicle.

DCNM -Deputy Chief of Naval Material.

DMA -Defense Mapping Aqency.

DMSP -Defense Meteorological Satellite Program.

DNL -Director of Navy Laboratories.

DOD -Department of Defense.

DOWS -Deep Ocean Work System.

Echo Sounder -A device for determininq the depth of water
by measuring the time interval between emission
of a sonic or Jltrasonic signal near the
surface and the return of its echo from
the bottom.

ED -Exploratory Development.
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EPA -Environmental Protection Agency.

FGGE -First GARP Global Experiment, also called
Global Weather Experiment (GWf"

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

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

Fouling -The mass of marine organisms that attach to

submerged objects.

GARP -Global Atmospheric Research Program.

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

GOBI -Geophysical Ocean B,,ttom Instrument.

HALS -Hydrographic Airborne Laser Sounder.

HEBBLE -High Energy Benthic bounddry Layer Experiment.

Hertz (abbreviated Hz) -A unit of wave frequency equal to one cycle
per second.

Hydrophone -An electro-acousti, lra r-,.-er tuiat resionds
to waterborne sourtil waves and qenerates a
correspondinq electric wave.

Hydrothermal vents -Tubular openings in the ocean floor near
tectonically active areas from which watei
warmer than the suiroundinq hottom water
emerges.

ICAS -Interdepari al ',;mittee for Atmospheric
Scienr

ICSU -International Cou ocil of Sientific nions.
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IDOE -International Decade of Ocean Exploration,
1960 - 1970, in which American partiilpation
was sponsored by the National Science Foundati ,.

IDSIPS -Interactive Digital Satellite Image Pro-

cessing System.

INDEX -Indian Ocean Exneriment.

lZa t1 -In the natural or original position. (L.

JASIN -Joint Air-Sea Interaction Proje.

Laser -Light Amplification by Simulated mEi ssion
of Radiation. Laser beams are concentrated
light which can be converted to intense
heat.

LLLTV -Low Light Level Television.

LOSS -Large Object Salvage System.

Mantle -The shell of the eartn , believed to - ienrse,
ultrabasic rock that is neat"; v !i0) kilorlI~fr1
thick and lies just beneath the thin (55(, kmj,
crust of the earth.

MILE -Mixed Layer Experiment.

MILOC -MILitary OCeanoqraphic fieldl rrocram conducted
periodically by NA,()members to, im;prove ASW
capabilities.

Monster Buoy -A large (40-foot diameter oisc buoy which
can be moored in deep water and instrumented
to obtain and transmit leteoroloqical and
near-surface oceano(lra4hi( data,

MPL -Marine Physical Laboratory of the cr',ops
Institution of Oceanoqrap hy.

NARL -Naval Arctic Researcn labora to'.

NAS -National Academy of , ien e

NASA -National Aer,, , - icc T dminit irm.

NATO -North Atla ti( , Itn ,'c i m
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NAV EL EX -aiv al F 1 ectroni c ~( teiis 'r~i!a :

NAVOCEANO -Naval Or eanooraphi c !'t iP e.

N CSC -N aval C oast al S') *( , r*

NDBO -NOAA nata Buoy Offi ,

NESS -National Environmental~i] lt~ ')eT'4ico

NOAA -National (,eanic inaj "twosheric
Admini st ration.

NOIC -National Oc(ienoqcr- P 1nstruienta t'Jnn
Center, NOAA.

NORDA -Naval Ocean Research ina2 Pevelopment
Activity.

NORPAX -NORth Pkific CfKperi-*r- "I ar , onc-

term experiment to exa!!ine thie relatiriship
between prevailinq weather Idatterns in the,
North Pacific and oceanoqravhi: n-henomiena.

NOS C -Naval Ocean Systems Center.

NRL -Naval Research Laboratory.

NSAP -Navy Science Assistanrfe Y rno_())a

NSF -National Science Foundation.

NSRDC -NIaval Ship Research ano Development Cen nic

OBS -Ocean Bottoii Seismometers,.

OCEAN AV -kcron~pn f or the Navd Oceanoqir phv Cinmind
wh ic h was eta bIis";hed i n 19 70 and ewtwracet
aill c omponent-, of the former N~avf 1 Wpa toer
Serv ice, the F leet Y kr ia ,aiiw;raihv
Center , and the Na v alT ao h Olf ice,
The same acronym pervous)l y ipielied In tho
Off ice of the 0Fkeano;t'avon(r r4 the tlavy.



OMAT -Ocean Measurement Array Tecnniolnciy.

ONR -Office of Naval Pesearch.

ORB -Oceanoqjraphic Oceanclh Buoy.

OS P -Ocean Science Porc

0TH -Over- the-her i co.i

PAR -Programmable Acoustic Rc :liiwater
vertical mieasurement sy~foii, '<r recocdirr,
such acoustic variables as" d"Ibiert nie
propagation loss and bottom os

PIV -Pontoon Implacement ei.

POLYMODE -A large scale, intprniatire xre!iiert,
conducted in the mid-lat:!:d -penion) -,
the North Atlantic to6 stijd, ocean dclvrr 1cc.

Propagation -The transiission of ~n'vthrcs,_h d~ c

RDT&E -Research, Devllopeot, '., - -!!,,4n
The Navy RDT&F approor aii in is anrreoved by
the Conqresc atnuall/.

REDS -Remote Env ironmen tal Data D$ cr

Reverberation -Sound scattered towara, tn' ar r~n 4i pal
from the 'icean -.ircace rfc reroatin
or bottol. (nottoll reverl)eoa I 'nd frrq'

smal11 scatteie I o..rcw- .n t'E t m 1ii

such as air b~hhles ond so Ivfcced sol I
matter (vo VOIe reverrera 11on

RON S -Real time On~t i cal r% on ' e

ROSE -Rivera Ocean Oei siP Fi p ir

ROWS -Remote Unmainnnc ,J06~ /'ter,

SACLANT- S LI ) p reIm( Al, I n - t,, (. -' W11 1)aJ
NATO Coinror n.

Scattering -The random 1ies 1 vn mryiftr
t is, (I * e tI pr fh r (I Cn C C~r

sea hot toil mil /'r W~ the r'' i n s(lP1
1 i qu i d o r il sea (I i C) 1 0. 1Y1(1i

wa ten.
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SCOR -Scientific Committee on Oceanographic
Research, organized under UNES CO.

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

Seismic profiler -A continuous deep-sea reflection system
used to study the structure beneath the

ocean floor to depths of 10,000 feet or
more, The reflections are recorded on a
graphic recorder whose stylus is synchronized
with the initial soun6 pulse.

SHARPS III -Ships, Helicopter Acoustic Range Prediction
System, a technique used at the Fleet rumerical
Oceanography Center to estimate the performance
of Fleet ASW sonars.

SIO -Scripps Institution of Oceanography.

SLUC -Sea Lines of Communication.

SMMR -Scanning Multichannel .icrowave Padiu.eter.

SODC -Specialized Oceanographic Data (enter.

SOFAR -SOund Fixing And Ranging. The i'iethod (,f

determining the location of obiects it ita

by utilizing the acoustic transission
characteristics of the permanent dee'
sound channel in the ocean.

Sonar -SOund Navigation And Ranging. Refers tc
both the method and equi pment for deterir 01it
the presence, location, or nature )f (ihpcOt

at sea by underwater sound Lechni(iues.

Sonobuoy -A free floatinq or anchored device that
includes a buoy with radio telemeterinq

equipment and a hydrophone suspended heneath

SPURV -Self Propelled Underwater Vehiclr.

SRB -Solid Rocket Rooster.

SSBN -Submarine Ballistic Nuclear. uclear
powered submarine carrvino hallisti. i i is 1l,
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SSP -Stable Semisubmersible Platforw.

SST -Sea Surface Temperature.

Submersible -A general tern desiqnatinq the family of
small submarines capable of useful work
on the seafloor.

SURGE -SEASAT Users Research Group of Eur ope.

SUS -Sound Underwater Siqnal.

SYNRAMS -Synoptic Random Acces, Measurement Systems.

Thermocline -A layer of water in which temperature
generally increases fairly rapidly with
depth.

Transducer -A device that converts one form of enerqy
to another, as from electrical to acoustic,
or conversely.

Transponder -A device that emits upon interrogation an
acoustic siqnal for naviqation or location
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 ,ceanocraphic Laboratory

System. An orqanization to coordinate
research ship schedulrs and other facility
use.

USCPP -U.S. Climate Proqram Plan.

WHOI -Woods Hole Oceano(iraphic Institution.

WMO -World Meteorological )r,,anization, an
element of UNESCO.

XRT -EXpendable BathyThermoqraph. A device
dropped from a movinq ship to measure
water temperature as a function of depth.

XCP -EXpendable Current Profiler. A probe
dropped from , movinq chip that measures
current vel octy as a function of water
depth.
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I Appendix B

DIRECTORY OF NAVAL ACTIVITIES5 PARTICIPATING IN THE OCEAN SCIENCE I)ROGRAM

Laboratories Reporting to the Chief of Naval Research

ILABORATORY 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 Re~eai-ch I.ab,,ratory accom-
plishes specific tasks as may be assigned yv tle (h1ief of
Naval Research in support of other Naval t itivities in the
Arctic Region.

Naval Biomedical Research To conduct research in micrebiology anid eni~ronmental
Laboratory biology.
Naval Supply Center
Oakland, California 94625

Naval Ocean Research and To carry out a broadly based Research, Dcvc lpreiiit, Test
Development Activity and Evaluation Program in Ocean Scien(e 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
Washington, D.C. 20375 scientific research and advanced technological devel-

opment diiected toward new and improved materials,
equipment, techniques, systems, and relat(d operational
procedures for the Navy.

NRL's Underwater Sound Reference Detachment (11SRD) in Orlando. Horida,
is the Navy's "Bureau of Standards" for underwater sound meaurements,

B-1



Laboratories Reporting to the Chief of Naval Material

LABORATORY MISSION

Naval Air Development Center To be the principal Navy irch, Developrment, Tst and
Warminster, Evaluation Center for Naval aircraft systems less aircraft
Pennsylvania 18974 launched weapons systems.

Civil Engineering Laboratory To be the principal Navy Research, Development, Test and
Port Hueneme, Evaluation Center for shore and fixed surface ocean facil-
California 93043 ities and for the Navy and Marine Corps construction

forces. Re!-ov,+ throua.; : .

Naval Coastal Systems Center To be the principal Navy activity for conducting Re-search,
Panama City, Florida 32407 Development, Test and lvaluiation in stupport 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.

Naval Environmental Pre- To conduct research and development directed towards
diction Research Facility providing objective local, regional and global environ-
Monterey, California 93940 mental analysis and prediction techniques; and provide

planning, modeling and evaluation services for de-
termining the effect of environmental elements on Naval
weapons systems. r.oy 3 hr,:: <7.'..

Naval Ocean Systems Center To be the principal Navy Research, Devolopment, Tet aind

:>an Diego, California 92152 Evaluation Center for command control, comm"l1c;1ti(.n,
ocean surveillance, surface and air launched undersea
weapons systems, and supporting technologies.

Navy Personnel Research and To be the principal Navy activity for conducting h!uman

Development Center resources Research, Development, Test and lvaluation in

San Diego, California 92152 the areas of manpower, perbonnel, education and training,
and to serve as the coordinating activity For all - ,n

resources Research, Development, Tst and Evalunatiut
support and services to the Systems Commands and to tie
CNM laboratories as necessary to aa .me.nt t, (1 s',inmd a
humanf -tors efforts in the design, developmentand eval-
uation ot new systems for operational use.

David W. Taylor Naval Ship To be the principal Navy Research, D)evelopment, Test and
Research and Development Evaluation Center for Naval vehicles and logistics and to
Center provide Research, Development, Test and Evaluation
Bethesda, Maryland 20084 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 (cant)

LABORATORY MISSION

Naval Surface Weapons Center To be the principal Navy Research, I)evelopment, Test and
Dahigren, Virginia 22448 Evaluation Center for surface ship weap'r ;O ill..~s, Or~l

nance, mines and strategic systemns sopljort.

Naval Underwater Systems To be the Navy's principal Research, Dcvelopment, TVest
Center and Evaluation Center for submarine warfare and sub-gNewport, Rhode Island 02840 marine weapons systems.

ACTIVITIES REPORTING TO THE COMMtANDER NAVAL OCEANOGRAP HY COMMAND

Fleet Numerical To command assigned activities; to administer assigned
Oceanography Central oceanographic/meteorological programs reliating to colerIMonterey, California 93940 tion, analysis, prediction and dissei nation of oceano-

graphic/meteorological informationi reqoisite toNaval air,
surface, and subsurface operations; to provide tcchnical
guidance in assigned oceanographic/me-tu-orological in;t-
ters throughout the Navail Service: to insure fulfillmcr~ n f
other DOD requirements for oceanographic prrdi ti11ei'
services; and to coordinate, as directed, rsri de" clop-
ment, test and evaluation related to, andl Loring, the in
tegrated Naval Oceanographic/Meteor-olog ,ieai P)rogram.

Naval Oceanographic Office To enhance the performance of ohw Navyv !,\
NSTLStatoncollecting, analyzing, and displaying oceano-

Nissisip Station graphic data (including hydrograph ic, geophiv-
Missssipi 3529sical and acoustic data) to support Hleot

operations and Shore Establ ishment commands;
to improve ocean predictions methods, data
collection and analysis, and perform other
related RDT&E; and to assis;t othier Del) and
U.S. activities and allied counitries in
training and otherwise meeting their oceano-
graphic requirements.

FLEET

OCEANOGRAPHY
CENT RAL
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Appendix C
PRINCIPAL ACADEMIC INSTITUTIONS I N TH~E

NAVY OCEAN SCIENCE PRIOGRAM

NAM
LUniversity of Alaska Research in physical and che-mical ocaoriyin
1Barrow, Alaska 99723 iland waters of Southeast Alaiska a.id the (ulf of9 ~Alaska. Air-sea interface studies. Be> rch in Imei

deposition as it affects long range inr; il.

I 'n iversity of B~ritish Columbia Fundlamental Studlies anad 1. ii I - -! Thy.
Vancouver, British Columbia Studie 's of microstructure, air>,a.i ~i t l,)i 'h v.ij ad

speeds, temporal and spaitial ofeuann ; i), ,jle
ofeatures furthered by partici pat't n in 0,e Mi'.t~ f ,,(.r
Exper-iment in the Pacific and I (iA. in K ia i ' ', :h

I S cripps Institution of Reseairch covering occanic clir(;ii~oii arid 2lty
O(canography ciistributioni of physical anrd (1, hii. i 1,njw~c cit .-, U'! .ir

University of Cnlifornia s>ea interaction; theoretical st(is Ilgic.iI 1, U -4u!I ~La Jolla, (Dl ina92037 of deep research vehicles. Pevt lopuinert of (ccanogip!jllic
instrumentation, including radiological i nstru MI. t at ii f.

D~evelopmnent of buoy tech nology, Stud ie o f (.leit frimag-
netic fields, wave interactions ;iad tkarh lea ce, ph ys ical
and acoustic prope(rties ofsedimeints, '1tLad i('Sof t1he . n-
graphy of thieocean ibottom as ,it a 'ffcct 'L! 'eAn r >,ti.I Reseairh ini data collectioll, r( dlii hanj))jt , tiln-d

mainly inl (Icelli aIll.sties.
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NANMIE A CIl VITIi E S

T ainotit-Dob erty Geloicl sea rch onar a adebtsis in gophys .ir-S withi
y Geolgical mphisi on co)u:t ic propt-rties (if I i-dimnts, grilvity

('olo mnhi'i n ivr.;ity fields ovLer the oceans as they ,iffe~ct inc;-tial 0 a vig itif)fl
Pa hisa'ie New% York 10964 development of gravity mneasu ring i n,,t aments, g a g

nutisin as it affects magnetie c. cl~ tionf, trmnji-rat tore

StruLctUreC of the occan floor and its effect oin lung rim age

acoustic propagation, physiography )f Oihe ocn-an kittnl11

and ~thie systematic colic-ct ion of sod iii lit outhrlgnt
the oceans, and Arctic topoqraphy measurements.

DIuII-e Univers.ity Researchi concentrated in miari ne biology, 1 ;,r: lie

Durhiam, Northi Carolina 27706 geophysics and oceanographiy in thie Northi and Sooth
Atlantic and in the NMditerrane:in.

Urivtri-ty it' H awaii Recsearch in physical oceaniography aind (''wIl a a (.:i f
H onolulu, Ilii963S22 flawaiiian Islamds ; aldill 0111 u-lie g.ii-' v .plY Iftl - t

PaCi f i..

John Hopkins University iReseaa re onl ocealn (ly im nflics inl the co4;i-till .. I,(- 't h

jChesapeake Bay Institute) emnphaisis onl to rbulence amid jot in a! %;ivcs Oilbmy ;i ft (I

Baltimore, Maryland 21218 detcet ion systems. Stud ies of the gr atic ;io ~ fdIt
wVind waves and their Scattrling effts(t i 'l( *aa ra

Development of mlixed layer foreca:-hjg ft i i~i-S "(t)fi

ASW planning. StudIyof clienis:al holid )tlral 11 inn-& t ; f

sea water as they affect optical ort high fri qjo fly
undur-water systems.

1.'Ilisimrni Stateu University Overall Cealplla:;is is givefl to the cit.'ll ni~g m

Baiton Pot:;;P, T. a~aa70803 1,ractical application of knlowledge coicB-tiring the
p'iysical, chewmcal, bio)logica, 14t oltgic inid m r

i:Ius of ini-Ilorc votttiols ind( kvh1!' rw waf ptm '

,tf T:a-itItt of 1?-t h i ology, g(-ttjly.'ics , i.mitry,:11
h-cu~~~~~ ,114t'''i~ 'I g l)CVVebpllInlt of OCC:i 2' 11.til tic frt

('mi fil)r, 1(l c jIwci;illy gi-i-vity 'iNi1lil % i S i h if

-,;tmrexul t!,;'a 1i,2ts-1ttrII:rr'39 t ~i ilt

siihtimrface ctlrrm;1j5 imi t lmlliml! f t illiilt.s.

I ri ivers ity (if NWH mi Oceanographic investigaition of tropi cali nim m- Iii t roplnal

'.~~ ,I-I lli!: 33124 regitons. Emphasis onl structulral g, ilttgy, thr I-Im idla

st-dimi-yits, and( air ,,vi inlmteviti prl-st's P)t( Qlin

of i int r metat io~n.



NAME ACTIVIT'FIES

Naval Post.-raduate School Research covering a broad spectrum of military (primarily
MJonterey, Ca!ifornia 93940 Navy) problcems perforined by faculty and students. Navy

Commands sponsor thesis and other research in~ oceanlog-
raphy, meteorology, air-ocean science, operations research,
antisubmarine warfare, underwvater acoustics and tiv
additional advanced academic programs.

NAVAL POSTGRADUATE SCHOOLro

A14t

Nova Univei-ity Studies in physical oceanography and ock-an s( I(,],(
Fort Lauderdale, Florida 33314 Emphasis is on modern theories of the cirt ulation oif thle

oceans and experimental work at sea to stud~y tlicee inrid
related problems.

Oregon State University Systematic investigation of the voiaries and ftsbIov
Corvallis, Ortegon 97331 waters of the Northeast Pacific. Study of tm npe ,it :re

distribution, geology and geoprhysics, 10(01 air C a
interaction, chemical properties anrd procces,-s in t I i eonl.
Gravity, geom agnetic anid ch eiical Ntliditus oIf thle
Northeast Pacific. Computer mnodeling of selfn, .i e in)
acoustic arrays. Development of oIn line computer
te~chniques for sonar systemn perform a lie preudict ion.

I ennsylvaniai St ate University Fundamental studies of t railni ssmon~ I, "s,ritn' n
(A\pplied Re., oi rh Laboratory) soismic subbottwn in both Olinllmy;m 01, d1-1 r
S t~e Colle ge, R~search facilities iinclude a large 4.i lo.,oJ % iatcr tunii I to
Pe-nnsylvaniia I (N~01 perform hydrodynamnic studies such as flow ni, 'e iind

cavitation and acoii stic studies in so pp rt of %% u.qi on
deLvelopment.

I Tiiversity of Rl',e Tsland Research on hakrand ater i i, s of IAI i I,:in.
insoRoeIsland 02881 Study of ocean cimnvu~tion, grophmy -Wil ,i to C0 0k f .1

basins, and jg(ocli(enlrtny of 11111illt t IlVii'mnon it,
ll oW,-ticall ,-fildirs of d1) o~oi fol "s v. liIn 11 11 e

s.ounmd (-;hi~f i . tnld 4 i- f of t tilill0 ii d -I r i

tI.i I~ I- I kiI It c InuIc I I t I . i -. h i: (mt I I t i1 1 1 f
st-dillirm 'ititj n as it 14 laitus to i 14 ~l d t I h(-1 1:-4 'If
sonar systemns.
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NAMIE ClilIS

WOODS HOLE

OCEANOGRAPHIC

INSTITUTION

University of Texas Full-spectrum research alld development with effoDrt
Aistin, Texas 78;M2 :for the Naevy heavi'ly concentrated in the areas of

sejsmics, underwater acoustics, transducers, and
underwater systems.

l'(xas A&M Iiini-v(rsity Rcse 'rch in the Gulf of Nlv.\ico wit) 11 ia tsis on~f
(College Stat 4,, TVexas 77840 circulation, geology and gophiysIcs, hia c Io'miy~rtitS

air-si a interaction, and in strume ntaiii LL' y nt
Dev elopinlent of forccasting teehlnqat".stl'dtadn; of
sedimlent as it affects acoustic rpiiir.I' 1 r'ln

of remote sensing techiniques.

University of WNashington Research on irishore, coastal, and ija-rI sea i sv.;'111
Sicattfe, W as hin gtofl 98195 emphasis on physical and chemical oc0t(10iapliv a aid

model studies. Physicaltandbli nlugical caaq ~~yo thte
Arctic Ocean. Geoinagti-tism as it a ff, (ts iiii ic virfitre.

Studlis ofoiutriettatd trace (t'lipntntdi ,trrlriiiis AI h
Physics Laboratory conitiii-tt rtr cat Iiw nd, \i t. tit ili

underwater acoustics, iuitc-roa waives itri li it ff, , t oil
sounu propagation, tran!sdact' ts, ltol 11, 't. 7t'liul
required for guidance and coiit td , - tka in; V ffnr
underwater ranges. tu ink i 1i 1 1a1f. fl, ;Iad

propagation under ice.

,%tood~s Ilole n, !nogrnphic 111,A anid extclnsive l'- tl h 0lui'' ';h ill1 fl1 at-

Institution graphilic disci pflnes-. Studl ' o(f (t , in liuit ti~iti fttr
WVoods floIC rol"c( '!tillg, predAictions (if c tmic "t) -.flItM ftur - ta~r

Massauhuseotts; (12543 de,-ign, variability stuii, firt iiiii- d'., ii iu~~iie

rCfl iu tic pr,,tfi-ti(s iis tli y ;ifftr( t : aiir tj a t n d

V.-ag rirui sttutil systt iws (II t' ity' 0 1,1. ft'lY)1 W~ttitn.
i I) -I I ;' t ttf tjI i , I .r- % a f l tut k N114- , 1 III'

1 '. t ~ "' : I !)k
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