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ENVIRONMENTAL CONSIDERATIONS

IN NAVAL OPERATIONS

With its historic mission clearly defined as supporting the operational fleet, the
Oceanographic Office of the U.S. Navy in recent years has expanded its offorts to
also meet the growing challenge of working within a national program of studying
the marine environment. This article summarily reviews past accomplishments of the
Hydrographic Office, outlines projects currently under way, and forecasts future
areas of research and concern for the United States in the oceans of the world.

A lecture delivered at the Naval War College

Rear Admiral William W. Behrens, Jr,, U.S, Navy
The Oceanographer of the Navy

The products and services of U.S.
Navy oceanographie cffort are vital il
the United Stales expects Lo exercise its
leadership as a major maritime power.
In addition to satisfying needed require-
menls of the fleet, our quest for knowl-
edge about the sea and the total marine
environment reveals faseinaling informa-
tion about a part of earth that is largely
unknown. Much ef this information is
being shared with a world Lbal is eager
to lecarn more aboul the total human
enyironment.

We are told that Alexander the
Greal, in his desire to learn more about
the sca, commanded that a transparent
underwater vebiele be built for his use
in exploring thal unfamiliar enyiron-
menL Legend has it that he descended
into the sea, close by the safety of

familiar shores, and wilnessed therc a
vision of underwaler life and phe-
nomena denied to most men of his time,
Whether true or nol, these aceounts
reveal something of the nature of man’s
abiding interest in the mysterics of the
sed, s0 inaceessihle unlil our time, It js
only with the assistance of the [ruits of
modern tcebnology that men have sue-
ceeded in entering this hostile cnviron-
ment, with sufficient comfort and
seeutily Lo make conclusive obscrva-
Lions about its character,

Today man cuan dive benecalh Lhe
surface of the sca in scareh of knowl-
edge aboul lhe occan depths without
supporl [rom the surtace, He has gone
to the bottem of the decpest oecan
trench and has lived safely on the oecan
floor for more than 30 days, The ability
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to remain submerged for sustained
periods has eome about largely through
the pionecring efforts of the U.S. Navy.

Modern navy oceanography i a
study of the sca that calls upon many
scientific disciplines, The diversity of its
activities is in kecping with the three-
dimensional configuration of today’s
naval opcrations above, across, and un-
der the surface of the seas. Today all of
us have a growing awarencss of the
complex interrelationships governing
the sca, its surface, and the air above it.
We recognize onc geophysical system,
supporting a delicate balance between a
liquid and a gascous sea. It is an
cnvironment of dynamic change, and
when this change is mcasured accu-
ratcly, seientigts or technicians can pre-
dict environmental events vital to opera-
tious—momeuts, hours, or cven days
ahcad.

The Navy’s occanographic program is
about 140 ycars old, dating from its
inception with our Depot of Charts and
Instruments. Lt Matthew  Fontaine
Maury was appointed officer-in-charge
of the depot in 1842, and it was
through his foresight and persistent cf-
forts during the carly days of occanog-
raphy that a broad base of usctul marine
environmental kaowledge was acquired.
Maury’s colleetion of worldwide data
led to such developments as the “Wind
and Current Charts of the North Atlan-
tic” in 1847, originally prescuted as a
gerics of six charts. By 1806 the Navy
Hydrographic Office was authorized to
carry oul surveys and to print nautical
charts and publications for the bencfit
and use of all navigators generally—a
statutory requircment which governs
the Oceanographic Office to this date.

The most significant cvents influ-
eneing the nature and origin of the
present Navy occanography organiza-
tional structure took place during the
last decade. In 1959 the National
Academy of Sciences issucd a report
which called for doubling the national
effort in oceanography during the six-
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ties. That same year the Navy developed
ite “Ten Year Program in Occanog-
raphy™ based upon the report of the
National Academy of Seiences. The
Office of the Occanographer of the
Navy was cstablished in 1966 to act as
the Naval Oceanography Program Direc-
tor for the Chicf of Naval Operations.
The Oceanographer is required to exer-
cise centralized authority, direction, and
control—including control of resonrces—
in order to insure an intcgrated and
cffective naval oceanographic program,

I"'or management purposes, the
Navy’s occanographic program s
divided into four major but closcly
interrelated ctforts:

® (Jcean Science, which conduets
rescarch into the physical, chemical,
biological, and geological factors of the
world’s oecans and their boundarics;

® Ocean Engineering and Develop-
ment, for the development of under-
water cquipment and techniques for
working in the oceans;

® Oceanographic Operations, to pro-
vide data, tcchniques, charts, publica-
tions, and other services to meet specific
fleet oceanographic needs, as well as
satisfying the Navy’s statutory require-
ments for ocean survey,

® And, Environmental Prediction
Services, to provide accurate forecasts
to thc operating flect about the con-
stantly changing nature of its operating
envitonment, the occans, and the air-
spaces above them.,

In the Ocean Science program we
supporl considerable basic rescarch
through funding of major academic,
nonprofit institutions and Navy in-
house laboratory efforts. Although the
scientific program investigates marine
environmental phenomena of all kinds
{some of which may seem pretty cxotic
to the layman), all of its work is
directed toward solving naval problems,
Nearly 90 percent of the seicnce pro-
gramn is being dirccted to antisubmarine
warfare, much in the field of under-
waler acoustics,
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Onc cxample ol the highly spe-
cialized iuvestigalions of underwater
sound that is heing conducted is a study
of Lhe deep scattering layer, an oceanic
phenomenon which al times causces lalse
bottom readings on souar. The decp
scatlering layer can send back an ceho
that looks very much like a sonar Lrace
of occan [loors at locutions where we
helieve the occan hotlom is actually
deeper. Ocean Science studics indicale
thal these readings come from masses ol
living organisms which reflecl or retract
sound waves. The layers migrate from
once depth Lo another, moving upward
during hours of darkness and deeper
intlo the sca during daylight hours,
Current speculation is that they follow
masses of plankton on which they feed.
I this can he substantiated and the
organisma aud their migraliou palterns
identificd, as well as how they interiere
wilh acouslic operations, we will be able
lo prediet their presence and make
allowanees for their clicets.

Another pheuomenon of great inter-
csl in our Ocean Science program is
long-range acouslic propagation, Belter
information about this phenomenon
will lead lo improved underwater sur-
veillance and deteclion. Long-range
sound studics have shown the cxislenee
of ocean conditions which crcate a form
of channel through which sound waves
pass with far less distortion than
through adjoining waters, Navy scien-
tists arc working Lo learn the nature of
those phenomena in cxperiments. Re-
sulls arc stll inconclusive bul work
continues. Our goal is Lo be ahle to
predict the occurrence of this phe-
nomenon and then exploit these sound
transmission qualilics with sensor arrays
wherc practicable.

Physical occanography, in the Ocean
Science program, investigates physical
and chemical processes Laking place in
the sca to cslablish a broad under-
standing of how thosc activilics aflcct
naval operations, We study occan circu-
lation, air-sca intcractions, surface and

internal  waves, and how chemical
processes and clements are distributed
iu the sea,

One ficld program, called “North
Pacilic Experiment”™ (NORPAX) is
designed Lo study sea-surlace Lempera-
lure auowaly patterns across a great
arca ol the North Pacific Occan. For
obscrving the ocean cnvironment in
cxperiments like NORPAX, instruments
such as the large “Monster Buoy™ are
uscd as fixed data slations, This huoy
ecau measure up lo 100 individual
meleorological aud oceanographic pa-
ramecters and then transmit this data
over a distance of 2,500 miles to Navy
processing centers,

The sccond major program area, the
Ocean Fngineering and Development
program, sccks lo provide cquipment
and teehniques that will permil un-
restricled travel [or man in the occans
ol the world. Hxisling programs will
move man from 200 fect to 2,000 fect
and vchicles from 2,000 fcel to 20,000
feel, with improved capabilitics [or
doing work. A scrious limitation in the
decp oeean has becu our rather poor
capabilily lor rescuing personnel aboard
disabled submarincs. We now have a
new development, still undergoing rigid
tesling, that promiscs signilicant im-
provement in onr scarch and rescuc
cllorts under water, The Deep Sub-
mergence Rescue Vehicle (DSRYV) sys-
tem will be able to rescuc personnel
from depths as great as the current hull
collapse depths of our submarines in the
ocean, The DSRV can he transported
over long distance by aircralt, loaded
onto a mother ship, and carricd to the
scene of the ecmergency where it
deseends to male with the disabled
craft. 1L is designed to opcrate in a
totally dark environment and will be
able to male al up to 45-degree angles
with the cscape hatch of the disabled
craft in a I-knot currenl. The DSRYV is
capable of transporting 24 passcngers,
and we are confident that it will provide
long-desired search and rescuc tech-
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niques in the underwaler operational
areas, Besides the personnel rescue, we
arc developing equipment for the re-
covery of sinall objects from the ocean
tloor at depths up to 7,000 fcet and
salvage of objects as large as aircrafl or
large underwater craft at depths as great
as 850 fect,

OQur Ocean Engincering and Develop-
ment program supporls the project
Deep Ocean Technology (DOT) which
has as its objective the cstablishinent of
a broad-base technology for doing work
in the deep ocean. The DOT project
investigates requirements for decp occan
cnergy sources and materials for hy-
draulics and clcctronic systems, all of
which would be capable of operation in
the deep ocean. An experiment called
SEACON inveatigates the sea floor in
detail to delermine how much weight
and the types of slructures it can
support—what might have to be done to
the sile lo make iL suitable for under-
watcr structures, as well as the kinds of
tools that might be useful for major
underwater construction. We are not
working toward any specific structure,
but to develop and test various small
component structurcs and equipment
that could be useful in understanding
construction requirements in the deep
ocean.

Our program activitics arc closely
interrelated, cven though they are
divided into speeilic objective areas for
case of management. The work thal is
accomplished in one arca is gencrally
applicable 1o all other arcas of the
overall oceanography program. Awn illus
tration of this is the devclopment and
operation of the MIZAR, a most useful
oecanographic ship whiech accom-
modates pure rcsearch in ocean charac-
teristics, but also is capable of con-
dueting scarch and recovery operations,
The MIZAR is cquipped with a center
well for lowering a varicty of instru-
ments or recovery cquipments into the
occan, without major interruplions
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[rom wave aetion that would affeet
over-the-side operations.

Recently added to the MIZAR is a
unique instrument for scarch and re-
covery operations called the I'ISH, It is
released through the well with a cable
tether to locate and examine objects on
the occan floor, To accomplish these
cbjeetives it is cquipped with side-
looking sonar, magnetie sensors, depth
scnsors, newly developed strobe light
lumination, and higb-powcred cameras,
The TISI is capable of sensing its
rclation to MIZAR at all times, even
though it ranges some distance away,
and at the same time sensing its rclative
distance from all other objecls, in-
cluding the ocean tloor. With this highly
efficient instrument, MIZAK was able
to locale and photograph the French
submarine Furydice that was lost off
the coast of France in the Mediter-
rancan. This same combination of ship
and FISH also located and verificd the
sceure condition of a scuttled hulk at
the bollom of the Atlantic Occan with
ils controversial cargo of nerve gas,

A third and major part of the ocean-
ography program is Oeceanographic
Opcrations which supplics the flect with
daily information about the changing
marine cnvironment in which the Navy
operates, This program cxploits much ol
the rescarch and development work in
its role of supporting the tactical com-
manders at sea with their operational
needs—weather reports and predictions,
navigalion aids, acoustic performance
data, ice forecasting, and bottom survey
information, to mention but a few,

Worldwide weather and  oceano-
graphic obscrvations are reported to the
Naval Wecather Service Command over
the Naval Environmental Data Network,
as well as over the U.S. Air Force
Automated Weather Network, and the
World Meteorological Organization Col-
lections System—now operated by the
National Oceanic and Atmospheric
Administration. Navy-originated data is
supplicd by reports from ships,
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submarines, merchant ships, aircraft,
and Navy buoys at sea. The Naval
Environmental Dala Nelwork extends
from the Philippine lslands aeross the
Pacific Qcean and [rom the United
States to England and to Spain. This
eomputer network provides a two-way
eommunications link which is opcrated
to colleel data and Lo disseminate simul-
tancously produets and services,

One of the widely publicized services
from weather and oceanographic predic-
tion is Optimum Track Ship Routing.
The concept of weather routing for
ships under the operational eontrol of
the Navy becamc operational in the
Naval Weather Serviee in 1958,
Optimum Track Ship Routing serviee
for all types of U.S. flect shipping and
for the Military Sealift Command is now
provided in the Atlantic by (LS. Fleet
Weather Central, Norfolk, and in the
Pacific by U.S. Fleet Weather Centrals,
Alameda and Guam. Reports of resulls
from the service show averages of 6 Lo
12 hours saved in Atlantic crossings,
with savings of more than a day for
Paeific erossings.

A valuable serviee developed by the
Naval Occanographic Office and now
operated by the Naval Weather Serviee
Command is the Anti-Submarine War-
farc Environmental Prediction Services
(ASWEPS) program, designed to assist
ASW planning and tactical operations,
The ASWEPS Tlcet Weather Central,
Norfolk, and the Flect Numerical
Weather Central, Monterey, provide
gynoptic analyses and environmental
predictions to [lect operating forecs in
the North Atlantic, the North Pacific,
and Mediterraucan theaters, Currently
ASWEPS prediclions are limited to arcas
in the Northern Iemisphere. A con-
siderable varicty of data received by the
ASWEPS Fleet Weather Centrals and
Facilitics is processed by compulers to
produce the synoplic analyses and fore-
casts al Fleet Numerical Weather Cen-
tral, These products are transmitted Lo
major nelwork cenlers where they are

IE

tailored for specific operational require-
ments and then disseminated to fleet
users by radio teletype and faesimile,
Reports come Lo the shipboard con-
sumer as readings of layer depth, below
layer gradient, sca-surflace temperature,
wave height, wind speed and direction,
gonar eifectivencss, jezchel eclfective-
ness, and Bl and sound velocity pro-
files. ASWEPS has proven to be highly
clfective, and we will continue Lo con-
ducl the research ncecssary Lo improve
futurc performance,

The Naval Oceanographic Office also
has the responsibility of surveying the
ocean bottom, and much that has been
accomplished in this area has been done
by the Sonar Array Survey System
(SAS8). This survey system is capable of
surveying a wide swath of the occan
boltom in onc pass al onc-fourth the
time required for conventional ccho
sounders. The entire complex turns oul
an accurate contour strip chart repre-
senting several miles of oecan bottom.
Three of the occan survey ships are
presently equipped with and using SASS
in a continuous, 270-day-a-ycar sched-
ule.

While the ocean survey program pro-
duces a great deal of information which
is retained by the Navy, it also provides
a great deal of useful information to
mariners everywhere. For example, the
Navy was able Lo be of assistance to the
fishing industry of lecland which was
expericncing difficulties in localing their
catch. The bulk of the annual leelandic
fishing harvest is dependent upon the
“herring run,” migrating from Norway
and stopping off at the cast coasl of
leeland when the herring reach the cold
cdge of the Greenland current. Because
the cold current changed direction last
year, the lish were diverted away [rom
their normal feeding gronnds near Iee-
land. The U.S. Navy sent an ice patrol
plane with a hcat-measuring sensor to
find the edge of the cold-watler mass and
the fish were located. Now there arc
plans to help Iceland develop its own
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capabilitics [or these scarches, as well as
lor ice forceasting. While the U.S. Navy
is nol in Lhe business of commercial
lighing, this incident is an illustration of
important nonmilitary benefits that can
be made available to the world.

Many of the LS. Navy’s occano-
graphic cfforls provide such “spin-off”
to our own Nalion’s indusiries and
national marine programs, Through the
Navy’s disscminalion of a great amount
of general knowledge about the sea and
the occan floor, our own [lishing in-
dustry and petroleum indnstrics olten
have been assisted. Thus, even though
these responsibilities are not specifically
included in the Nayy’s mission, they do
conlribule significantly Lo our national
goal of understanding and ulilizing the
full potential ol the sca.

Despite high levels of interest during
the past deeade, our national program in
oceanography  has  been  quile  frag-
meuated. Under his Federal reorganiza-
tion plan, the President in October 1970
csloblished the Nutional Oecanic and
Almospheric  Administration (NOAA)
wilhin the Department of Commeree.
NOAA combines wilhin its structure the
Environmental Science Serviees Admin-
istration and the Marine Sporl Fish
program from Lhe Department of the
[nterior; the Offiee ol Sea Grants pro-
grams, Irom the National Seicnce Foun-
dation; elements of the U.8. Lake Sur-
vey program, from the DPeparlment of
the Army; the Nalional Oceanographie
Data Center, Navy; the National Ocean-
ographic Instrumentation Center, Navy;
and the Nalional Data Buoy project,
from the Coast Guard in the Deparl-
ment of Transportation, T'o further con-
golidale all Federal aclivilics in marine
rescarch, the Congress also is ercaling a
National Advisory Commillee on the
Oceans.

Closely related Lo the President’s
establishmenl of NOAA is the crealion

of the Environmental Protection
Ageney, This ageney will establish and
enforee  environmental proleetion
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standards and provide assistance to the
Council on Environmental Quality, con-
ducling rescarch into factors of pollu-
tion. With a role to be played in
protection of the human environment,
il has become most important that the
Navy’s occanography program be con-
stantly coordinated with the clforts of
these new Vederal organizations, work-
ing closely with them to understand and
use the marine envirommenl for con-
dncling our vitally imporlant naval
opceralions,

The mission of Navy occanography
increascs in urgeney as the Sovicl Union
displays its cver-inercasing delermina-
tion lo match, or surpass, Lhe 1.8,
Navy’s long-held superiority on Lhe
world’s occans. While the Sovicts did
nol cslablish their firsl occanographic
institnte until 1921, by the mid-1950%
their cffort exceeded that of any olher
counlry, and they are conlinuing to
build ships and develop skills,

The eurrent number of ships in the
occanography fleet of the Sovicl Union
is aboul the same as the Uniled States
total; but we belicve their emphasis on
military occanography is slronger than
our own, According to obscrvations of
U.S, scicnlisls during exchange visils
with the Soviels, il appears they do nol
have the same level ol sophistication in
either instrumentalion or eertain scien-
Lific skills. However, what they lack in
sophistication they make up with sheer
numbers of personnel and scope of dala
collecclion and analyses.

An arca in which the Soviels have
made lruly greal strides in oecano-
graphic rescarch is the Arclic, and Tor
some compelling reasons, llirst of all,
much of Lhe Sovick power base is
loeated in the Arctic, with many indus-
trial cenlers and nalural resources in
thal arca. 1L is always a little surprising
lo realize thal 99.5 percent of Lhe
population of the United States and
Canada live south of 33 degrees north
latitude, while 75 pereent of Lhe Soviet
Union’s 200 million cilizens live north
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of that same latitude. As a matter of
fact, 500,000 Russians live north of the
Arctic Circle, compared to only 10,000
North Americans. There are numerous
vital Soviel seaports along the Northern
Sea Route that must be kept open to
commercial ships as well as to their
naval units. These are very important
reasons for the Soviet Union to con-
tinue developing both economic and
military capabilities for operating in the
Arctic seas and for acquiring excellent
oceanographic knowledge of that part
of the world.

By comparison, the United States has
had little more than scientific curiosity
about the Arctic until the recent dis-
covery of vast reserves of oil in the
northern part of Alaska. A billion-dollar
investment in oil leases by American oil
companies has changed the prospect for
cconomic development in these Arctic
regions. Economic development there
means increasing national responsi-
bilities and, consequently, a related
urgency for Navy oceanography to
develop a better understanding of the

Arctic environment.
Already Soviet nuclear submarines

can, and do, operate with a great degree
of freedom in the Arctic scas. They have
an appreciable advantage in the Arctic
which is derived from their experience
and research and development efforts.
This we must match and surpass. The
Soviet Navy, made up of four major
flects, bases two of those fleets close to
the outer edges of the Arctic. Opera-
tions from those bases give them the
advantage of using the Arctic icecap as a
cover for fleet movements, obviously
further complicating the U.S, Navy’s
ASW problem.

The Soviets appear to have devoted
about 70 percent of their extensive
polar regions effort to research and
development in the Arctic, while the
United States has divided efforts about
evenly between the Arctic and the
Antarctic. They have developed ice-
breakers more rapidly than we and have

progressed further in solving the prob-
lems of ice route transit. With such
extensive effort in the Arctic, they may
have developed techniques for mining
the waters of the Northern Sea Routes
and could effectively seal off those
strategically important waters, And
there s little doubt that they are
capable of using the icecap as a cover
for launch positions for strike missiles—
only 2,500 to 3,000 miles from con-
tinental United States,

All of this is not to say that the U.S,
Navy is without capabilities in the
Arctic. We have an impressive record of
accomplishments in the Arctic with
aircraft, submarines, and surface units,
including oceanographic activities.
Nevertheless, we need much more en-
vironmental information, including
better knowledge of sea ice physics;
acoustic performance studies in the
marginal sea ice zone, where acoustic
problems seem to be greater than any
place in the world; and bottom surveys
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of the Arctic basin, to mention bul a
few specifies. All of these problems
musl be dealt with in a total occano-
graphie effort that mecls the needs of a
complete and responsible strategy for
worldwide naval operations.

Nayy occanography products and scr-
vices Lo the fleet are the result of years
of cffort. Also, they arc intimately
linked to Navy-wide concepts of what
the futurc has in store for us. Although
our mission is clearly defined as sup-
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porting the operating fleet, we also have
the urgent responsibility of working
with and assisting wherever possible the
national program for understanding the
marine environment, Worldwide con-
cern for man’s rclalionship to his en-
vironment compels us Lo be alert Lo our
own nced for maintaining that environ-
ment. Our progress quickens as knowl-
cdge grows about the sca and points the
way Lo new diseoveries and greater
services usclul to the fleet,

Knowledge of the oceans is more than a matter of curiosity;
our very survival may hinge on it.
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John F. Kennedy, June 1963
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