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FORTWORD

Thei -Fed~eral Council fur Soierice abid Technology -a created by the Prewia'ent
to "consider problems and deve:lopments in the field of science and tech-
nology ... affecting more than one Federal agency or concerning the

*overall advancement of the nation's science and technology . . . 1 To
facilitate the review and coordination of gove-rnmnent-sponisored work in
the marine sciences, the Federal Council formed -the Interagency Committee
on Oceanography. Since f~iscal year 1960, the Interagency Committee on
Oceanography has been responsible for preparing a coordinated national
plan for work in oceanography, Thi~s plan has beenl Published each year
as the National Oceanographic Program.

Tn accomplishing its planning and coordinating functions, the Interagency
Committee employs the services of panels of speciali.sts in the various
areas which make up t~he, natiLonal program: research, surveys, ship con-
struction, instrumentation arid fac-ilities, -international cooperation, and
manpower and training. In prepari.ng the fiscal year 1263 National Oceanio-
graphic Plan, the Interagency Committee asked its Panel on Reseaarch to
prepare a summary of oceaniographic research accomplished by government
agencies in FY 1962 or planned for FY 1963.

The Panel provides a forum in which propotned research projects are di~scussed
and evaluated on a government-wide bas~is,. 'Ihi,- exchange of research infor-
mation is a valuable conitribution t.o the advancementL of oceanography, arid
through Uthis deviocu oach government agency maay beniefi1t, fromr research
performed by all others. The iniformatioun Lacluded in Oceanographic Research
in thre Federal GIovernment was compiled by Vie Paniel frýTecontribultions
of member agencie~s, and by conhlaclitig nionmember agencies for, descriptions
of their programs. Members of tihe Paniel responsible for this report are:

Dr. V, E. Maxwell, Chairman OllA.ice of Naval Research
Mr. B. Ef,, Olson U., S,, Navy Hydrographiic office
Mr. Vý hroc ký Bureau of Commercial Fi~sheries
Dr. 1i. ,, B. Uowari,, jr. U. S.. Coaot ýý, (k-eodr~e tic irve.,
D~r. It. (U Badecr National Scljeioe, louridatiom:
Dr.. L E, Wallei-' A torr: Viloyn rv ommiii r

Dr. F,, A, Chaco, Jr, ';1lAi1,;01!1~aU iuuut~iltbion
D~r I) D. Ray, Wbov aliorial Auadumy or ,,c 1.nlce,-

Comi tneon oceanumugaph~y

Ihoe ECO i,:, al :;o i adobl~ed [(- r'(proSci la Lve. of agr awho( are~ not members
of the Rlesearch loude ror i nforina 1,1on C01100 Illi L og~ tihe. 0pi ogalso heir own
inst~itutoion,



The Federal Council for Science and Technology believes that oceanographic
research is vital to the defense of the United States, and to the welfare
of its people. This report has been published to facilitate the exchange
of research information among government agencies, and to provide infor-
mation to private users about existing research programs in the Federal
Government. It is hoped that it will.be useful in assessing the quality
and extent of present day research and in providing a basis for future
planning.
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INTRODUCTION

In 100 Report No. 3, The National oceanographic Program for FY .963,
representing activities of eight Federal departments or agencies, is
set forth in broad functional areas of research, instrumentation, ship
construction, surveys, facilities and support of the International
Indian Ocean Expedition. This current report contains details of the
research program itself. It has been prepared primarily as a medium
for exchanging information on current as well as planned research,
to implement coordination between different agencies engaged either in
the sponsorship or active conduct of this program, and as a compendium
of on-going activity, to serve as a guide to participating scientists.

The report has been organized around six major research objectives, or
fundamental questions about the sea. Within each category, projects
have been grouped by sponsoring Federal agency, with budget data for
FY 1962 and FY 1963. Needless to say, many research programs may
simultaneously attack more than one scientific objective. In this
event, the project description has been repeated, but funding has been
split so that amounts listed are mutually exclusive. In those cases
where an agency lends personnel or equipment in support of research,
but without specific budget allocation, the funding amount is simply
shown as zero. Totals, delineated by objective and by agency, are
tabulated at the end of the report.

Because the missions and roles of individual agencies do not coincide
identically with the various scientific objectives, more than one
agency may be obliged to engage in the same type of research. The
problem of describing and determining the factors governing oceanic
circulation is an example. Currents govern the distribution of.
salinity, temperature, and other characteristics affecting underwater
sound transmission - a principal concern of the Office of Naval Research.
Currents are important in Bureau of Commercial Fisheries studies of the
distribution of larval fish, commercial fish populations, and nutrient
materials involved in marine food cycles. Information about the
velocitieb and directions of currents is important to the Coast and
Geodetic Survey for use in navigational studies. As a consequence,
the Office of Naval Research, the National Science Foundation, the
Bureau of Commercial Fisheries, the Navy Hydrographic Office, the

Coast and Geodetic Survey, and several other agencies are all
involved in research concerning ocean currents.

Through programs of mutual support by these different agencies, an
understanding of the sea may be achieved far morc swiftly than with
only a single agency's efforts, focused on a more limited set of
objectives. In fact, only by such cooperation can this program
advance at a satisfactory pace, and without duplication.
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Although this report deals with the National Oceanographic Program, wnicn
is largely financed with Federal funds, much of the research itself is
conducted at private oceanographic institutions and universities. These
have been identified wherever feasible in the report. The accomplishments
of scientists at these private laboratories have in great measure con-
tributed to the success of the United States in advancing its research
program in oceanography.
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OBJECTIVE ONE - TO DESCRIBE THE DISTRIBUTION OF PHYSICAL AND CHEMICAL
PROPERTIES OF THE OCEANS AND TO UNDERSTAND THE DYNAMIC PROCESSES WHICH
AFFEOT THIS DISTRIBUTION

No portion of the oceanographic research program is so fundamental to the
understanding of the ocean as is the study of its motion. Whether it be
small scale turbulence or general circulation patterns, these movements
determine the distribution of the physical, chemical and biological
properties within the sea. In a like manner, the air-sea interactions
and geological characteristics of the sea bottom are either affected by
or affect the ocean circulation. It is the study of the water's charac-

.teristics and dynamics that pervades all of oceanography, Since before
the time of the Challenger Expedition in 1872, which is usually ac-
knowledged as the "beginning of oceanography", man has striven to describe
the ocean movements and to determine the dynamic forces which drive them.
Through field studies much has been learned about the surface circulation,
its westward intensification and the meandering nature of its major
currents. Similarly, theoretical and model studies have produced sig-
nificant advances in the understanding of the ocean movement. Yet less
than ten years ago, a new ocean current was discovered in the Equatorial
Pacific which is second only to the Kuroshio. Neither the origin nor
terminus of this Equatorial Undercurrent has been fully described, nor
have the dynamics been successfully determined. This one example only

•serves to illustrate the immensity and complexity of research tasks
devoted toward achieving objective one.

DEPARTMENT OF DEFENSE

DEPARTMENT OF THE NAVY

Office of Naval Research FY-62 $5,23h,000
FY-63 $6,397,000

Every seagoing research ship supported by this office contributes contin-
uously to the stockpile of descriptive information about the oceans.
Soundings, bathythermographs, hydrographic stations, biological trawls and
sediment cores are routine procedures on research expeditions. Data of
this nature will be collected in nearly every geographic area of the world,
including the Norwegian, North, Baltic, Mediterranean, Bering, Chukchi,
Caribbean and South China Seas, as well as the Atlantic, Pacific, Indian,
Arctic and Antarctic Oceans. Much of this work is done in areas of strategic
interest to the Navy.

Within objective one, problems of general and detailed circulation of the
oceans are receiving the most attention. Theoretical approaches to determine
the ocean circulation are pursued actively at the Woods Hole Oceanographic
Institution, New York University, Chesapeake Bay Institute, University of
Stockholm and the Scripps Institution of Oceanography. Recently, a series
of equations was derived that described the entire mass transoort of the
Atlantic Ocean. To improve these equations future work will be directed



toward seyeral parameters such as wind stress over the water, coastal
With the ~ tb~ efeet of bottom topography o ~rns

With the rapid accumulation of current observations it is becoming possible
to verify and modify the theoretical work.

In order to test theoretical studies, work is being carried out with
several experimental models, some of which use rotating basins. While
earlier work attempted to model the real oceans, the present trend is
to reach agreement between theory and experiment by using simple boundary
conditions. The Woods Hole Oceanographic Institution and the University
of Stockholm have strong and well-coordinated model investigations which
are being accelerated. Results of theoretical and model work are proving
to be extremely valuable in planning field investigations.

Gross field measurements of the large scale circulation systems will
be continued in FY-63, and detailed investigations of individual
current systems and of circulation in the deep ocean will receive
increased attention.

The Arctic Research Laboratory of the Universi'y uf Alaska has developed
techniques enabling it to maintain small research stations upon pack ice.
This technique permits the establishment of several floating stations
throughout the Arctic Basin which should greatly add to our understanding
of Arctic circulation. Thu newly diiovtiid Irce island, ARLIS II, will
continue to be occupied as long as it remains in an area of interest.
Ice island T-3, now in a favorable position, will be occupied. In the
Arctic, Lamont's standard oceanographic measurements and geochemical
observations are closely coordinated with those of the Arctic Research
Laboratory and other groups making geophysical investigations. Also in
the Antarctic, Lament will emphasize the refion proximate to the Antarctic
convergence.

Much of the work will be concentrated in the equatorial regions. New York
University, Texas A & M College, Johns Hopkins University, University
of Miami, Woods Hole Oceanographic Institution and the Narragansett Marine
Laboratory will participate in the investigation of the Equatorial Atlantic.
and the region off the west coast of Africa in cooperation with the efforts
of the Bureau of Commercial Fisheries and Coast & Geodetic Survey. Deep
current work will be carried out in the Atlantic arid Pacific Oceans by
scientists from the Narragansett Marine Laboratory, Woods Hole Oceanographic
Institution and Scripps Institution of Oceanography using new techniques
and equipment. Anchored buoys and Swallow floats will play an important
role in these measurements. It is anticipated that radio telemetering
will be installed on tLhe line of buoys measuring currents between Cape Cod
and Bermuda.

FY-63 will also see the first major effort to observe Lhe Indian Ocean
current structure and changes in it caused by shifting monsoon winds.
Operating on Office of Naval Research funds, ships from the Scripps
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Institution of Oceanography, Lamont Geological Observatory, aad.Woods HoleSOceanogfaphic Institution will participate in these investigations. The
Navy's support in this area constitutes a substantial portion of the
U. S. part of the International Indian Ocean Expedition.

Other oceanographic institutions have extensive current programs in
waters adjacent to their laboratories. For example, the Chesapeake Bay
Institute has a program to trace the movement of a fluorescent dye,
Rhodamine B, in Chesapeake Bay. This dye can be followed over a
10-20 day period permitting the determination of weak current patterns
not readily detectable from direct current measurements. Similarly,
regional programs will be continued and expanded dhere possible.

Numerous programs are underway within institution and industry labora-
tories to develop new and better equipment for the measurement of
currents and other parameters associated with the physical and chemi-
cal variables in the sea. These efforts will be accelerated and the
resu*tingc ihronrAmpntf of techniques made available to other labora-
tory and agency programs.

An understanding of turbulent processes is a necessary prerequisite
to the development of objective forncasting systems for any of the
internal oceanic parameters. The use of Rhodamine B in tracing water
particles will be further developed by the Chenaoeicke Bay Institute
primarily to study the estuarine diffusion problems. Lament Geological
Observatory will apply this dame technique to deep sea diffusion
problems. At the University of Miami and New York University, surface
measurements of diffusion will be expanded to include subsurface
measurements.

In addition to the foregoing programs that are c5ncerned primarily
with acquiring more basic knowledge about the oceans, Lhere are many
programs in the Office of Naval Research devoted to applying this
knowledge to Naval problems. These programs, which provide infor-
mation for anti-submarine warfare, are also very productive in gaining
a further understanding of the oceans, and they will continue in
FY-63 with greater emphasis on the effects of the environment. The
applied programs are concentrated at the Marine Physical Laboratory
and the Applied Oceanographic Group at Scripps Institution of Oceanography,
Hudson Laboratories of Columbia University and the Woods Hole Oceanographic
Institution.

llydrographic Office 1"Y-62 $I80,000
FY-63 $80,000

Hhydrographic Office rcscarch in physical and chemical properties of the
oceans is directed toward the solution oif military problems. Oceano-
graphic data are particularly valuable for military planning and for
utilization in forecasting. Emphasis will be placed on three activities:
refinement of data collection, especially instrumentation; research into
dynamic oceanic principles; and utilization of data for specific military
applications.
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Data from synoptic observations have becolae increasingly important in
developing prdiction techniques and in supplying.iformatien neoesa'ry
for climatic presentations. Increased use of fixed stations - Texas
towers, ocean station vessels, and shore facilities - has given rise
to changing instrumentation requirements. Ocean survey and research
vessels also need more sophisticated instrumentation. Design work is
proceeding on a package system for these vessels. Data presentation
techniques will be reviewed to produce more refined and usable environ-
mental data. Emphasis will be directed toward presentation of data in
terms of operational problems..

Bureau of Ships FY-62 $334,000
FY-63 $570,000

Through programs at the Navy Electronics Laboratory and Lamont Geological
Observatory, the Bureau maintains an active interest in the distribution
of the physical and chemical properties of the ocean with emphasis on
the effect of distribution on sonar conditions. Emphasis is placed
on the spacial and.temporal changes of these properties with con-
siderable effort being-directed to the Arctic region. A program of
near-shore oceanography is pursued by the MIne Defense Laboratory.
Again, this program has the application to military problems - mine
warfare - as the primary goal.

DEPARTMENT OF THE ARMY

"Office of the Chief of Engineers FY-62 $30,000
FY-63 $50,000

The provision of navigation channels into the seacoast ports requires
studies of tides, salinity intrusion into bays and estuaries, and the
mixing of the saline waters with the fresh water. Studies of tidal
theory (including currents) as applied to coastal water and estuaries
and the methods of applying theso theoretical studies to field
conditions will be continued as an important part of the research
program.

The mixing of the saline waters with the fresh water has created problems
of silting by flocculation, and research on the nature of mixing and
flocculation is a continuing project in the field and laboratory. The
chemical and physical properties of estuarine waters to a considerable
extent determine the degree (and location) of shoaling. Work to define
these properties, and the basic meu)anisms of their interactions, is
continuing.

Beach Erosion Board FY-62 $ 22,000
FY-63 $134,000

Tidal currents at inlets and estuaries are important in beach erosion
processes near inlets. Studies of the nature of these tidal currents
are part of the Board's FY-1963 research project for the study of the
effect of inlets on adjacent beaches.
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DEPARTMENT OF INTERIOR

Bureau of Commercial Fisheries FY-62 $ 850,000
FY-63 $1,219,000

Surface currents, upwelling, temperature, salinity, oxygen and phosphate
content and many other oceanographic parameters greatly influence the
biological productivity of the sea. Divergent and convergent currents
may create areas of enrichment and they often concentrate the food
of important fishes such as herring, mackerel, salmon, sardines and
tuna. Time and rate of seasonal warming of coastal and offshore waters
influence distribution and migrations of fishes; for example, the
northward movement of Atlantic menhaden in the spring of the year and
the appearance of large skipjack tuna in the summer fishery of the
Hawaiian Islands can now be predicted on the basis of time of spring
warming, The peak spawning time of Pacific sardines is known to vary
from one year to the next by as much as two months in response to
oceanic temperature changes no greater than 10C. Unfavorable currents
in some years may carry haddock larvae away from the usual nursery areas
and a large part of the young are lost. Fishery scientists believe that
the pattern of ocean currents at the time of spawning is an important
factor in the survival of year broods in many importarit fisheries.

Oceanography of the central and eastern Pacific is currently being
studied from several Bureau laboratories located in Hawaii, Alaska
and along the Pacific coast of the United States, Some principal
contributions are: (1) monitoring the seasonal north-south drift of the
California current extension from stations near Hawaii where trends in
sea surface temperatures, salinity and sea levels are determined; (2)
definition of physical and chemical features of Pacific subarctic waters
as part of an extensive program to explain factors controlling high-seas
distribution of salmon; (3) detailed analysis of North Pacific sea-
surface temperature data by months from 1935 to the present along with
related meteorological processes which may cause variations in water
transport, heat gain or loss and sea levels; (4) cooperative studies
with California agencies on the California current system and physical
oceanographic features of the eastern, subi tropical and tropical Pacific.
Prevailing sea-surface temperatures for the North Pacific east of 1800
longitude are charted and published monthly for use in fishing and
research operations.

Much of the Bureau's research in the Gulf of Mexico and along tue
Atlantic coast is directed towards coastal and inshore oceanography to
describe the environment and to determine productivity of coastal
resources. Circulation and neb current flow through bays and inland
passages are under study as a significant contribution to research on
shrimp, oysters and menhaden. Through a small contract with Woods Hole
Oceanographic Institution, temperature and salinity conditions are
monitored routinely at numerous Atlantic coastal stations and from
lightships and Texas towers. Circulation patterns over the New England
offshore banks and in t1he Gulf of Maine are studied by use of drift
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bottles and transponding, free-floating buoys. The Bureaus laboratory

in Washington, D. 0., is preparing monthly Atlantic coastal and offshore
sea-surface temperature charts for the perio'd of 1953 to the ptesent.
Research presently underway will be continued by the Bureau during
FY-63 and in addition new programs will be commenced which will contribute
significantly to knowledge of physical and chemical properties of the
oceans. A biological and physical oceanographic investigation of the
tropical, equatorial Atlantic and West African coastal and offshore
waters will commence in the spring of 1963. Objectives of this program
are to describe the extent of fishery resources in the equatorial Atlantic,
to relate distributions of fish populations to environmental conditions
and Lu contribute knowledge on physical attributes of Atlantic waters.
It is planned that this program be a cooperative effort with the Navy,
Coast & Geodetic Survey, Bureau of Commercial Fisheries and several
private oceanographic institutions.

Oceanographic research in the eastern tropical Pacific is to be increased
to define zones of high biological productivity. Areas of nutrient
enrichment through upwelling and mixing along current boundaries will
be sought. Thermocline topography and changes within the mixed layer
will be studied. Monthly charts of sea-surface temperatures which the
Bureau is now preparing for more northerly waters will be extended to
at least JJO°So latitude and offshore to 1000 or 1100 W. longitude,
depending upon availability of data from merchant ship6 and f1i1i'Lng
vessels.

Since many of the marine research programs of the Bureau require data
over a series of years before results are meaningful, much of its
research on physical and chemical properties of the oceans during FY-62
will be continued into 1963. A follow-up expedition into the equatorial
Atlantic is planned for the latter part of calendar year 1963, and
oceanographic studies in the eastern tropical Pacific will be continued.

In addition to these programs of research, it is realized that there is
a need for greater.amounts of biological, chemical and physical oceano-
graphic data collected in time series over wide expanses of the oceans.
Such data will provide clues to changes in the ocean climate to which
fish respond. Therefore, an expansion of research is proposed which
will monitor environmental conditions. Quarterly biological and
oceanographic surveys are to be started in New England waters of the
Atlantic.

The Bureau proposes to investigate the trade wtiids zone of the central
Pacific to determine principles and parameters of climatic oceanography
in this area which are of great interest for fisheries, weather,
navigation and national defense. The objective is to be attained by
determination of the seasonal rates of change of surface temperature,
salinity, depths of the mixed layer and currents as they are related
to the physical processes of heat exchange across the sea surface.
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Geological Survey FY-62 $106,000
F1-63 MAW_~

Current and proposed studies of the Geological Survey axe concerned with

the hydrologic cycle through the marine and near-shore environments.
The principal effort is in shallow ocean areas where the sea is in direct
or indirect communication with fresh surface water and ground water.
Included in the studies that will be pursued in FY-63 are: geological
history of river estuaries and lagoon areas; movement of ground and
surface water to the ocean; salt water incursion into fresh water
supplies; occurrence and origin of fresh and salt water bodies in
coastal areas; circulation and dispersion of dissolved and suspended
solids in coastal areas; dynamics of tidal and contiguous ground waters;
and the development of techniques and methods for measuring processes
and ebtaining.data. Among other things, these studies will provide
knowledge about the sources, the circulation, and the fate of radio-
active, organic, and industrial waste pollutants; as well as the products
of natural weathering and erosion in ground water and rivers that drain
into the sea.

Determination of significant physical and chemical properties and patterns
will of necessity be undertaken in connection with local and regional
studies of general environments of sedimentary systems.

DEPARTMENT OF THE TREASURY

Coast Guard FY-62 $ 0
FY-63 $ 0

Within the Coast Guard, the principal field of research into nhysical
and chemical properties and the interrelated dynamic processes lies
in the International Ice Patrol. The principal area of interest is
the Northwest Atlantic Ocean, chiefly the Grand Banks and the Labrador
Sea. These waters have been under continuing study since 1914 for the
purpose of better understanding the factors which affect the origin,
drift, transporh and deterioration of icebergs. Toward this end,
Ice Patrol research includes water mass analysis, surface and sub-
surface currents, volumetric transport and heat budget studies of
the area,

In FY-63, the Ice Patrol oceanographic vessel CGO EVERGREEN will occupy
approximately 400 oceanographic stations during the period March-August.
In addition, a network of buoys will be established acrons the Labrador
Current to study short Lerm-fluctuations in that flow. Results of the
surveys will be analyzed at the Ice Patrol Oceanographic Unit Offices
located at the Woods Hole Oceanographic Institution.

In other fields of oceanographic research, Coast Guard activities are
principally those of data collection in cooperation with other agencies.
These include operations of ocean stations, Bering Sea Patrol, polar
operations, lightships, and offshore light towers.
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Thease programs aire not, funded as part of the Coast Guard researoh
program, but through the budgets of the lee Patrol and Ocean Station

NAT IONAL SCIENCE FOUNDlAT ION

FY-62 $2,1l5O,O0O
F'Y-63 $2,450,000

The Earth Sc 'encies Program of the Division,ý of Physical, Mathematical and
Engineering Seciences supports a variety of research aimed at developing
a better understanding of the dy 'namic processes associated with the
physical and chemical properties of the ouean. Oceanography is support~ed
at some 30 universities, colleges and other -institutions; the investigat~ion;:..
include the coastal and riear-~shore waters as well as the deeper areas of
the Atlanlt c Ocean, Pacif'i.c Ocean, Indian Ocean, Caribbean Sea and thei
(',)'If of Mexdco.

Theoretical investigation.3 and model utudiesi on general circulation arid
exchange rates are being undertaken by scientists at New York University,
Harvard University, the Johns Hopkins University and the University of
Washington, Suchl work wA 11 advance our understanding of oceani~c current
development and estuarine arid coastal circulation.

Major field st-udies a-.med at, eluicidat~ing the cliaracter of both deep and
shallow wauter c~rculati.on are being u!derLakeiL by Scripps institut~ion of'
Oceanograply, Woods Hole Oceanographic lirst.ýLatd~on, Oregon State Un11.-
vers-Ay, the Univers.1ty of Miam~i, the University of' Wasnhington, Tlexas AM~'
College and Rhode Island StatUe UiklversýDy.

L-Ikew;,se t.he chermistry of oea water J%, beiing riv'estigated byj var*C~us,
means. For example, mans -,pectr'ograpiilc arralyso'; of dirunulved gi;
are being acc~omplishiod at ridiericrt IUrrAverrrtAy, OScrippo, and t'e Uritver.t
of Washington. Thuse- ef~ortns aro- corrce~itraLed on quarit ltio.; sicel a.;
oxygen-IB, niitrogenrvi;, carl'in d oxi~dc, ckv' Ler` ,m, arýcr; . .(71111 k'I

purposo of rinde -ita! id rig C(.. hitý oi y of* ,ea wqaI,e, anid th1e xca
proce.-c:;e:; lc Iwec''i I.t, ,ea .v rfacc ax 11I E!aiiniu' iraco- cleme. i.

chm ty U hot.!) $2c tLab~lu and d iar oopear ogIv.'an
at, Sni'~ppu, Wood;; ifolji awn [I am*

Vire t! 1; 'art.J;e al, oi- it I e 1, .e-!aL ou 1 i Jdat onc(a, del;.c
berg:-ppu-! cc it pa~rt.,. , e 1iar. iiial -u 'our 1a .01..c pp:;l

Wooc':i Iole, ,atronl a . 1 Mc,,o I;larrd w'l 11 or .0 ci, p; L; .al anýd 6c m cal
1(eoeRMyg~a' progu--am.. 1 (1 wii aid cr 'h U w 1.1 opo ca Le-

-a ana .ýcw(a 1:V(-1.

gal]e w;;i Ac~.eari, aýý m~ll ao all oCcf i ,.eaiiajgrap; -( rosearchl p-,q'Cain;



QJOW TVE ¶WO TO PFTJR1iN• T-E INTEIRAT;ENSHIPS OF THE OCEAN AND

The muituaJ. 6ffovs of atmogpbre aind Oatan a-re so _tntez're_1:kted ad
complex that study of the oceanic environment cannot be conducted without
simultaneous consideration of the atmospheric environment. Conversely,
the study of marine meteorology cannot neglect oceanographic factors.

-Sea swell and storm surges, all products of the surface winds, con-
tinually modify the air-sea boundary. Although the exchange of matter
and energy occurs at the air-sea interface, to understand fully the
impact of these exchange; studies must extend to some depth in both ocean
and atmosphere. Turbulent mixing and convective processes distribute
heat energy within a thick layer at the ocean's surface. The ocean,
thereby, becomes a tremendous storehouse of energy. This layer at the
ocean's surface is of prime concern in this research. It shows annual,
seasonal and diurnal changes in thickness, heat content, and other
characteristics. Similarly, the lower atmosphere over the ocean is
laden with moisture and salt nuclei received from the oceans.and its
stability is determined in a large measure by the temperature of the
water body over which it has traveled.

DEPARTMENT OF DEFENSE

.Office of Naval Research FY-62 $1,291,000
FY-63 $1,365,000

Measurements of surface roughness, surface water temperatures, lapse
rate in the air, incoming and outgoing radiation, wind velocities and
turbulence in the water and air are providing new insights into the
interrelationship of the ocean and atmosphere. These investigations
are being carried out intensively in the Atlantic by Woods Hole
'Oceanographic Institution and New York University, and by Texas
Agricultural & Mechanical College in the Gulf of Mexico.

Investigators at Woodu Hole Oceanographic Institution are critically
examining both sides of the ocean-atmosphere interface and the exchange
of energy, water vapor and chemicals. For example, they will thoroughly
study the effect of bubbles on transmission of sound in the water and
the introduction of salt nuclei into the air through bursting of the
bubbles, a phenomenon which appears to be an important factor in
producing rainfall. Acquisition of a four engine aircraft, especially
modified for meteorological measurements, will greatly extend the
geographical coverage of this program during FY-63,

During the International Geophysical Year, the Navy initiated research
to investigate the abundance of carbon dioxide in the oceans and the
atmosphere. During FY-63 this work will continue at a modest level at
Woods Hole Oceanographic Institution, Scripps Institution of Oceanography,
University of Stockholm, and Texas Agricultural & Mechanical College.
Research is now concentrating in areas of high latitude in order to
obtain a more complete global picture of the distribution of C02 in
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.the atmosphere and to dcetermine the amount being absorbed by the sea.
The e-studies wJIll attempt to dtejine if man is. significantly
modifying the world' s climate through the introduction 6f large
quantities of CO2 into the air from the burning of fossil fuels.

* The extensive program on air-sea interaction at New York University will
be accelerated by enlarging the staff and replacing the present ship
with a larger and more efficient vessel. NYU will continue to direct
their interest toward prediction capabilities by integrating computer
techniques into their investigations.

In the Gulf uf Mexico, Texas Agricultural & Mechanical College has a
moored buoy recording ocean temperatures at intervals to 1000 feet in
depth in addition to measuring several surface meteorological phenomena,
These results, coupled with the towed thermistor chain in the sur-
rounding area, will provide data on spacial and temporal exchanges far
exceeding that now available. In FY-63 it is planned to expand the
program of buoy, tower and ship instrumentation,

Work on energy exchanges between the water, ice and atmosphere is being
conducted in the Arctic by the UniLversity of Washington. It is being
carried out in close cooperation with the Arctic Research Laboratory
at Point Barrow.

Fundamental research ;it; conducted on the whole spectrum of wave enerh;ies.
New York Univerýi;iy will continuc to expand i Is theoretical work on
non-linear aspects using the La Grangian system.. This work is proving
to be very successful, and it is intimately related to non-linear
problems of ship motion. Chesapeake Bay Institute, having explored tie
field of waves generated in limited fetches, will shift its emphasis to
directional spectra and the problem of the skewed distribution of' wave
energy over the spectrum. The theoretical work w~ill he followed bh
experimental verification. Scrippn Institution of Oceanograplh 1ýas
concentrated its effort, in wave re.:earcth on di. Jtal h!echrihqcec. TP!ese
have proven to he very effectivc for di.rucl,ional snoct,rkmo ana ,,'ss., Use
of high speed computers wi l.h new cchmique!; to remove errors and tIe tse
of mathematical f'lter; w.11, con tinuc to reenijve a geat, deal of atA. hen i n
from SIG.

Ilydrograph-ic Off.co FY"-6? 41U.00,000
FY-6" !'.299,000

Both high density trme uories data in a loca.L area of Lhe oceanl alid
the atmosphere, arid synoptic :information over 'road areas (ft tLe
ocean are imnortarnt in Lihe study of ocean-atmosptmere relattoiis.
Inve3tigation:s of the sea surface by the lkydrographic Office will, be
in cluse cooperation with the hasic research program oF. tihe o)lice
of Naval Research, but will bh directed spci.fically to problemiL
requiring aim ab.-iloy to predict, ocearnic characteristLcs,
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lDetailed investigations of the energy exchange processes between at-
mosphere and ocean have already been carried out on Texas Towers.
Advahced instrumentation developed from nthese-ztudiea will be used
on Argus Island, the research tower located off Bermuda. This station
will provide the data required to establish new empirical relation-
ships and to test theoretical relationships between the ocean and
atmosphere, In FY-63 an oceanographic research ship will be instru-
mented to provide a deep-water research operation of the Argus Island
type.

An oceanographic aircraft is now being outfitted and will be available
for long-range survey. It will be capable of providing data such as
sea surface temperature, bathythermographs, occan wave records and
supporting meteorological data,

A synthesized mathematical model of equations suitable for short-range
sea water temperature strucLure forecasting have been reduced for
tabular, nomogram and computer usage. Short-range forecasting tech-
nique research will be further developed and extended to longer range
and seasonal outlooks,

Changes in thickness of the irsolthermal layer cannot always be related
to meteorological and oceanographic activity at that location. Large-
scale movement of surface and subsurface water appears to show direct
relationship to atmoipheric circulationi, The problem will be ap-
proached from both the synoptic arid the loner term climatological
p)oint'3 of view. Additionally, a purely statistical approach to the
'nioblem will be conducted on an ocean-wide basis A grid of predicted
neLuorologLeal and oceanographic factors and extrapolation in time
and -space Special reýiearch Lnt,o this phenomenion will be conducted
aboard ocean oLatio ves!5el.s, lHydro survey ships and other ships as
practicable Riadio teler.enteerini oceatiographic buoys will provide
addit.ional ocean coverage( wLt.h repeat.ed okserva,'ionis from fixed loca-
Lionss,

R(,e!earch will coni. icue toward a hele, , (*dcr:3taiiding, of s.rface waves
arid wave- induced s(!a floor pressure flue !,uat._oris This effort wil1
include di.rect-ional specLirum aiialy!,;i.; and corrtelation of surface and
boLtom presO:ure records, as well as work on pred.iction teclniques.
Cont~inued importance w.il boe olacod oii spc(;tral analysis of many
physical paramel,ter- lImpiri.cal and eaumi-empirical wave models will
be studied which will include exami-ation or varied wiind conditions
(velociLies, durations aid fueches).

Within arctic regions the physical processes covering the behavior of
the envirouimunt become increasingly complex. Here three distinct
layers '- atmosphere, cryo sphere aid hydrosphere - interact. Frictional
forces at, the air-ice and ice-.water inturfaceis are the primary influences
in producing ice movemertLs A majo' sl,udy effort will be directed at



the. relationship of wind velocity and direction to ice, drift -velocity
S. wel" .th elopment of open water areas, ridges and ther pressure-

distribution caused deformations. Ice reconnaissance -froI airdraft and
by satellites will provide valuable relief data0  Bottom roughness data
will come from under-ice submarines operating fathometers and other
devices0 Arctic ice drift stations will assist in development of
specialized stress equipment.

Bureau of Ships FY-62 $h00,000
FY-63 $715,000

require ahdetavysiceaed knoledeafrteneeondiationsi the BAreatillOea
Because the Navy's increased submarine operations in the Arctic Ocean
continue to dncrease ito efforts to understand the fundamental physics
of ice formation ard break up. Both laboratory and fiueld work in
ice physics will be undertaken by the Navy Electronics Laboratorya
Field work will concentrate on energy exchange processes and will be
carried out on temporary ice stations occupied from light aircraftn
The Office of Naval Researche Hydrographic Office, and Bureau of

Ships programs in the Arct[ic represent an integrated attack on this
large and difficult-to- study area0

Studies at the Navy Electronics Laboratory's offshore tower w]ll,beaccelerated to gain further insight into tire hydrodynamics of surface
waves and their relation to internal waves. AL thre Universiy of
Miami investigation will contiLnue into the high frequency spectrum of
surface waves and the ambient nofie in the ocean caused therefrom, In
addition, the Navy Radiological Defense aboratory will invest Igate

the role of waves in the d-i.trrbuttion of radioactivity,

DI':PARi'I'M;NT OF TElE ARMY

Office of the Chief of' .nrrgneers F'Y-6'? $100,000
FY- 63 $iW0,000

Wave generationl by wind:,, the d'cay and mediod ation of thee, waves
as they travel to wnhe shore, and the mecharircu of breakning waves are
part of the Corps' reshearch programi 'ihe ec waves are the major de-
structioe forces on jetie.p arid seawalla , bualt for navigation

improvement or for proteciior of the .hore from hurricarre attack.

Beach Eros-ion Board FY-62 $179,000

F'Y-63 $81,000
• ~Measurements of ocean waves ho determrrrlr( t~he t•at;, stical wave climateiean selecteds coatal area'; w part of <he r imard s research program.

Thu improvement of wave generation thoery shli be pursued arc part of
this program becaue wavesg are the mot importantll fact-or in shore
erotion procesam es ashi will involve doL ripotona. of the, wave spectrum

and wave variability an] indea uroment, of wave propert tee (as veloc2tles,
form, pressures, particle mot~ion etc. ).. At present, the Board hat,
thirteen automatic recording stations nri corast.al waters and plan,; to
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add at least four new stations in FY-63. Some of these stations are
o. p~erated entire with Beach Erosion Board funds. and aome on a

-with -other public or private -Work will be
continued on the development of an economical wave-directic.n indicator
to be installed as a component of the wave-recording stations. Some
of these newer stations will utilize Coast Guard light towers as
installation platforms.

Research will be continued on the construction of wave refraction and
diffraction diagrams and on the reforming of waves after breaking over
submerged bars.

DEPARTMENT OF COMM1RCE

Weather Bureau FY-62 $123,000
FY-63 $173,000

The Weather Bureau's primary interest falls within the realm of
determining the interrelationship of the ocean and atmosphere. The
interplay between the atmosphere and the ocean is so intimate that they
can be consLdered as one medium separated by a discontinuity in density
and velocity. The exchange of heat, moisture, momentum, gases (such as
carbon dioxide and oxygen), and certain chemical elements (such as
sodium, chlorine, potassium, calcium and magnesium) has profound
influence on the subsequent behavlor of the atmosphere and ocean. In
supp'Lying the atmosphere, the oceans serve as a warehouse of nearly
infinite capacity for heat, moisture, and other properties. In turn,
the faster moving atmosphere supplies the oceans, Darticularly the
top layers, with'much of their momentum. Various salts and elements
released by the ocean to the atmosphere serve as important condensation
nuclei, which are necessary for cloud formation and ensuing precipitation.
Studies of these important properties, which are necessary to a better
understanding of the characterintics of both the oceans and the atmos-
phere, will be continued in .Y-6-3,.

long period chantges: in cmo i(p , 1 i-cllat on and in weather patterns
way be Eenre,jt. ve to Ihe exeariges; oi heat and moi sture between the
ocean and tho atmospher.,, 'or example, an unusual pattern of wind
and weather may alter the ci rculalion of a large area of an ocean,
bringing warmer temperatures to ope part and colder temperatures to
another,. This new sea-surface temporature patLern, in turn, influences
the overlying air, thus pT)OSibly pIolo•irling the unusual atmospheric
circulation pattern. Oceans are ;uggi.ýlh and once a pattern is
e6tablished, it tends to persi;st, thereby introducing a long range
effect on the overlying atmosphere Pn the subsequent weather patterns.
Thu bureau wIll continue to study the "feedback" mechanism whereby unusual
weather oundiLtions produce unusual sea conditions, particularly temperature
changes, and the manner in which these, in turn subsequently introduce
atmospheric changes, such as variations ini paths and intensities of
storms.



An important practical aspect of the Bureau as meteorological .oceanography
proar4m.41).. b koA onoernsd wlth -storom zrgasl'g 11 toti"p due
by hurricanes and other severe wind storms, and which cause moat of the
loss of life and property. Studies of these effects will involve, not
only an extensive investigation of the records of abnormal tides and long-
period changes in sea level supplied by the Coast & Geodetic Survey, but
also basic investigations of the effects of wind force and atmospheric
pressure on the height of the sea.

Coastal weather is subject to both continental and oceanic influences,
and is notoriously variable. The problem assumes new importance with
millions of recreational boats plying coastal waters, and tho use of
nuclear-powered vessels arid the associated contamination problems that
may arise. Particular emphasis will be placed en harbor and estuarine
forecasting.

Coast & Geodetic Survey FY-62 $ 0
FY-63 $ 0

This agency contributes to this research objective primarily by collecting
and processing the data used for the research of otherso The Coast Survey,
for example, works closely with the Weather Bureau in providing tidal
data for storm surge studies and with the Bureau of Commercial Fisheries
in providing sea level data for use in studies during 1962 of the effect
of atmospheric pressure on sea level, Similarly, the physical oceano-
graphic observatjons of the Coast Survey (currents, temperature, and
salinity) are used in stIudies of tIhe air-sea interaction. Meteorologists
from the Weather Bureau carried out a significant program from the
PIONEER in FY-62.. This program effort is beang doubled in FY-63 although
it, will be budgeted under the, ourvey program.

Maritime Admenistralion FY-62 $50,000
FY-63 $50,$000

The interest of the Maritime Admini.tration is largely in the inter-
relationship of the ocean and atmosphere. In con junction with other
agencies, factors influencing weather, iceberg movements, arid wave
formation will be studied w.ith increasing emphasis. Wave spectra will
be recorded on ocean vesel•,, buoys, Texarl tower.., and shallow water
statLions. Concurrent, programs in model basins equipped with wave-
makers will attempt. to reproduce irregular seas into which ship models
can be rin at varuie, headings. The ultimate objective i.s to find
means of calculating ship motion-, from model tests with greater
accuracy than is poj:.ible today,

I)IPAI RMHENT OF INTEIR 101

Bureau of Commercial Fisheries FY-62 $,25,000

FY-63 $j6,000
The Bureau. of Commercial F.irheric.s studies processes which may affect
the distribution of surface properties in the Pacific. An "Atlas of
the Oceanographic Climate of the Hawaiian 1slandb Region', nrepared



- y -he BureaIu's Biological Laberatory in Honolulu i be-ng readied forSpUbliQai. This dntaln disous-Aono n heat eche-P anAethQ
sea surface, and considers the- oean- atmosphmre feedback system in an
area where trade winds are a major driving force in ocean circulation.

v Wind induced advection is being examined at the Bureaut s Stanford,
California laboratory in an effort to deduce a sea-surface temperature
forecasting system.

The Bureau will not make a major contribution to an understanding of
ocean-atmosphere interrelationships as part of future programs. The
oceanographic investigation in the Central North Pacific, described under
Objective One, will, however, examine heat exchange processes as part
of the total study on the marine climate of the trade wind zone.

Geological Survey FY-62 $10,000
FY-63 $3h,000

Research by the Water Resources Division of the Geological Survey con-
tributes Lo nnderftanding the interrelationship between the sea ard
atmosphere through studies of the exchange of chemical substances in
the hydrologic cycle, the physics and chemistry of atmospheric and
surface water8 near land-sea margins; and the atmospheric transfer of
ions and solid particles. These investigations, which are a part *-f
a program to study the complete hydrologic cycle, will be expanded
wherever possible., in addition, during FY-63, an analysis arid inter-
pretation of waters collected on three cruises of the International
Indian Ocean Expedition will be undertaken.

DEPARTPMENT 01 THE 'I-RE!AVUJRY

Coast, (uard $Y-62 0
FY-63 , 0

Coast. Guard activities will inclhde marine meteorological and ocean
wave observat.ions from six ocean stationus and approximately Lhree off-
shore light, towers. In addiLion, studies cf the International Iee
P1at.rol will include the effects of' short term meteorological fact.ors
on surface currents, ice transport and ice deterioration. These
actvil.'ies. are budgeted under non research programs of the Coast Guard.

NATI ONA1 L SCIENGO, FOUNDATION

IOY-62 :1' '5o,O00
FY-63 $1,2 00,000

Air-sea interaction studies are being supported by Lhe Atmospheric
Sciences Program, Earth Sciences Program asid the Office of Antarctic
Program3 of the Nat-ional Science Foundation. These investigations,
combined with those conducted oi supported. by other agencies will
greatly enhance the knowledge in this area so vital to our understanding
of climatic sh:i.fts, wave generation, Lhe carbon dioxide budget, and the
transfer of heat, water vapor and momentum, in addition it should
improve our prediction capabilities with respect Lo sea state.
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A major item of the air-sea relationship supported by the Foundation will
-be done _ionnJio+tion with the International Indin On.Exped.tion,
primarily by scientists from the University of Havaii, the University
of Michigan and the Woods Hole Oceanographic Institution. Antarctic
research will be conducted aboard the R/V ELTANIN and from the shore
stations. Investigations in the North Pacific Ocean and North Atlantic
Ocean are underway at Scripps Institution of Oceanography, the University
of California at Berkeley, the University of Washington and Oregon
State University.
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OBJEOTIVE TH3E - TO DETERMINE THE DISTRIBUTION, KIND AND ADAPTATION
OF TER LIVIO FOPURIAMONS OF TU SEA, AND. TO UNDERSTAND THE INTE9-
RELATIONSHIPS OF.TIU A MARINE ORGANISMS TO THE PHYSICAL AND 0HEMICAL 79
PROPERTIES OF THE SBqA

DEPARTMENT OF DElENSE

DEPARTMENT OF THE NAVY

Off~ice o.17 Naval Research FY-62 $1,232,000
FY-63 $1,803,0

Marine bluýlog;I.cal inJerference witL lhe propagation of acoustic signals
underwater represeriLs a serious problem to Lhe Navy. This problem
encompasses the recognition of false targets represented by whales,
large fish, etc., and the reverberation and attenuation of energies
resulting from the presence of concenLrations of biological narticalates
in the water. Active sound production by marine animals is a corollary
problem since many biological sounds closely resemble operational noises
and seismic disturbances, Analyses of biological sounds will continue
to be made to determine their purpose and their acoustic characteristics
so that they can be predicLed or recognized. Also, accurate emulation
of biological sounds underwater will be investigated and may result in
improved transmission systems for specialized uses.

Investigations will be made of hydrodynamic characteristics and the
propulsion of marine animals. These may give insight into mechanisms
to control turbulence arid to manipulate boundary layers. Additional
knowledge of these mechanisms would be useful in hull design for
surface ships, snbmarines and underwater ordnance, Of interest also are
the orientation oapahiliL:,es of marine arniinals which allow them to
identify t-argets, select l,iiem aiid navigate to them.

Much additional information w111 he sought on the control of marine
deterioration and foul'ing of' ship bolt.oms, cables, moored and bottom
mines, underwaluer sound equipmctil, and hivdrofoils. Since the biological
organrnsm; icponuji t. for del,erioral ion and foulinjg o;'eri affect the
configour l,-on!; of' (,ai.o P'u .ly planined sihapes arnd coat i,,is adversel.,;
causing t1hem Wo lo:e thecir Utreamlining,, or aneclioic properties, studies
will continue of life cycles of the animals and their rdaction to
chemical substrata under various environmental conditions, An expansion
in scope Jin 1Y-63 will emphasize investigations of deep ocean conditions
since so little is known about, the envlironmenl, of abyssal waters and
the range of adaptability of mariiie orlpar.ims.

Another area of interest will include investigations of biochemical and
biophycical properties of i ndividual organisms and populations, since
such properties may affect ItJie bottom sediments, the surrounding water
or the surface, borne organisms are capable of modifying bottom sediments
by affecting their hardness, compactn|ess aid motilit,. Also of interest
are the products thieoe organisms pu, intL the wat.cr as a result. of' normal
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ll metabolic activities which modify viscosity, temperature, and other
* physical characteristics of'the water,

Considerable effort will continue to be directed to the problem of
marine biological particulates which may interfere with submarine
and anti-submarine warfare.. Marine organisms have been shown to be
extraordinarily sensitive *to changes in the ambient chemistry or
physical conditions of their environment. As more is learned about
these phenomena, there will be corresponding increases in the level
of effort. Programs of research on poisonous and venomous fishes,
on the biology of sharks and shark repellents and on biologically
active substances from marine organisms have been underway for several
years and will be accelerated during FY-63. Of concern, is the
chemical identification and pharmacological action of these substances,
some of which are extremely pobent and very different structurally
from related substances commonly used in drugs and medicines.

Hydrographic Office FY-62 $ 0
FY-63 $ 0

While the marine biology program of ONR is directed toward an under-
standing of the behavior, the physical and chemical characteristics
and the reaction to -the environment of marine organisms, the Hydro..
graphic Office is directing its biological endeavors toward the
solution of operational problems. For example, fouling of ships and
underwater equipment; damage to wood and other materials by shipworms
and other borers; bioluminescence, which can disclose the location
of ships and submarines at night,; scati 'r-' g and attenuation of
underwater sound by plankton and nekton; a.d active interference with
sonar operations by conic ani.mals arc problems that will be attacked.

Using Lest pane] : and rack:;, tLe effects of Couling organisms and
marine borers on wood and urtdeivater equipment will be studied. The

eWst equipment. arrays will bn located in shallow-water coastal areas
and at selected sl.e•s in deep ocean areatn. Relationships between
abundance and distrihut ion ol" plarnklton orgatl:rsms and the in torisaty
of fouling will be sltudied,

Biolumniriescont pheriom•snr aro of inc yeasing importance to Ule Nav
Intensity of overall bi.olum-iniGo'ccnce will he measured by rhotocella.
Direct enumeration of biolum inrosent organisms will be accomplished
by using counters,. Plankton F'rom net collections and organisms
filtered from waler samples wlll be analyzed,

Primary productivity for various ocean, areas will be estimated arid
attempts will be made t.o develop direct methods of predicting marine
biological phenomena of importance to tie Navy,.

Sounds produced by mar-ine animals will be recorded arid analyzed, and
the causative animals will be identified. This work will supplement
previous work arid will speed the eventrnal collection of a reference
library of souids produced by all sonic marine animals,
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... ttring and attenuation. o£ undergater sound by marine- life will beSstudied by- two method. An attempt will .be ma& to aodrifatb
scattering and attenuation measurements with an analysis of the plankton
collected in the area. A second study will be based on collection of
plankton and nekton from within the deep scattering layer as located
by echo sounders and from concurrent photographs and television
observations.

This research program in biology at the Hydrographic Office is funded
entirely with non-research funds.

Bureau of Ships FY-62 $166,000
FY-63 $198,000

The Bureau will expand the Navy Electronics Laboratory' s program of
identification and classification of noises originating from marine
organisms. The expanded program will include analysis of ambient
noise recordings from San Clemente Island and Cape Prince of Wales
to determine seasonal and other characteristics. In addition, the
research program of the bathyscaph TRIESTE, also carried out by scien-
tists at NEL, will include studies of the population of the sea and the
correlation of the population with the physical and chemical properties
of the sea at various depths.

DEPARTMENT OF THE ARMY

Office of the Chief of Engineers FY-62 $ 0
FY-63 $10,000

Information on marine borers which infest waters of the United States
will be analyzed in order to deLermine the expected useful life of
wood and concrete structures in coastal waters. This analysis will
also serve to indicate the economic Justification of various methods
of protecting against these borers. Biological studies of borers
ave not planned; rather the project is an analysis of the findings
of others for application to the needs of the Corps.

Beach Erosion Board FY-62 $ 3,000
i'Y-63 $10,000

The interests of the Board in this research objective are similar to
that of the Office of the Chief of Engineers, as described in the
preceding paragraph,, These studies, which concern marine borer
activity, will be pursued jointlly by the Office of the Chief of
Engineers and the Board.

DEPART'•EN'T OF COMMERCE

The Woather Bureau and the Coast & Geodetic Survey do not budget funds
specifically for research on the living populations of the sea.
Ik1wever, the Coast Survey contributes indirectly In two ways. First,
it encourages other agencies and private institutions to place biolog-
ical oceanographers aboard its ships, and it does on request collect
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I!i i
bio!e•ical samples at •ea for speqific researeh problems. FY-1962, •l

using plankton :%•%san[i :m!d.-,water •a•Wls •fP••: tI•;Pi1X)•ER %e •ect
Ssamples for research projects on which they are engaged, and hhe -•i•_)
SUniversity of Hawaii had personnel aboard carrying out phytoplankton ,
Sproductivity investigablonSo Secondly, the Coast Survey, through its •i
i oceanographic survey operations, provides environmental data used by •:
i • the biological oceanographer in determining the interrelationships

between marine organisms and their environment°

DEPARTMENT OF TH• INTERIOR

•rreau of Commercial F:t•herie• FY-62 $5,598,000
FY-63 $6,136• 000

Present research• although primarily ecological studie.• of marine
communibies• is oriented towards important commercial species° For
these, the Bureau of Commercial Fisheries seeks an understanding of
their interrelations with the physical and biological environment
and studies life histories, rates of growth, recruitment, mortality,
productive po5ential and behavior patterns which are important for
efficient, harvest•n•o 3tat'lst•ical research on caLch and fishLng
effort is conducted 5o define abundance levels. This• •n turn, allows
examtnat.i.on of prlnciples which govern abundance fluctua|,ionso

In the north Pacific part]cula• attent]on will be given •o several
spec ie:• of salmon where the] r di :; !,ribu t] on and high seas migrat,.tens
are being sLud•ed in relation 5o chm*ging oceanographic cond.Ltions,,
Explorati.on:.• for new resource,•, such a• sh.r•mps:• crabs and bottom
fishes w111 eonl;•nue to be carried out along w•th ecological studies
which have been undertaken on crabs and herring°

Migrations, behav.•or, food hab.ibs• life h•sto•y and developmenL will
con1,•nue Io be Investigated for Lhe yellow fin, skipjack and albacore
t, una•o [i•:expl•]ied stock•, of ]..argo tuna haw.. been d•,scevered ';n

•ubsurface layer:: of the; central equaLortal Paciflc.. f'orecast, s of
seasonal abundance of }-{awa: •an '•k•p.iack a• shown by thelr response
to shifls •r• bhe, Ca].lfo[•,•]a current. ¢xtenq]on have been remarkably
successful.

Pac.lfic sardir,(• •, which once supported a v•.rv large f•d]ery• have been
lh•, subject of coop•-ors•,iw- h•olog]ca.l.-oceanograph•c investiga•,•or,,• for
several year•o 'l'h•s program ha,:• .•hown that survival of yon•g from
spawnln[, is highly variable from yea.{' [,o ,ycar'• and tha,• changing
ocea•;ographic cond•.tftons cau,•e substantial changes u] the center> of
sard;,•e abundance° [•tud]•s w.L[l continue I•o be conducted on behavior•
physielol,• and g,•mcl.ic COm[Dosltiol] Of stocl[.q,

Studio., ir• the Oul.f o1' Mex;co w•.Ll coul, inu,• bo be concerned with oysters•
shrimp, menhaden and other cos.•tal l'ishea which are u:•ed for reduct.ion

-.21.



or for pet food . Large un±ished stocks of sardine-like fishes have been
d• e oy•r .- hro•h��. ~ _e• yrator surveys.

In the Atlantic Ocean, the major fishery resources are harvested from
coastal waters or from offshore banks. The principal invertebrates
and marine fishes requiring continued studies are oysters, clams,
scallops, crabs, menhaden, flounder, herring, haddock, red fish and
whiting.

Research on living populations is to be augmented in three principal
areas: the equatorial Atlantic eastward to the coast of Africa; the
Gulf of Mexico; and on the offshore New England banks.

The principal goals of the proposed equatorial Atlantic and West African
biological investigation are definition of the geographic extent of
fishery resources and research which will reveal the productive potential
of these relatively poorly known waters. While there have been a number
of oceanographic expeditions in the equatorial area of the Atlantic,
there havie not been systematic cruises across the equatorial belt from
South America to Africa which have sampled biological populations and
related them to current systems which may control thpir location and
productivity. The first effort will be exploratory to show what additional
work beyond an initial cruise will be needed to understand fully the
physical and biological characteristics of the equatorial Atlantic.

A new research ship, the ALBATROSS IV, will be placed in service in
New England waters in Ochober 1962. New investigations into seasonal
abundance, distribution and behavior of groundfish species will be
undertakeno Principal areas of investigation will be the Gulf of Maine
and Georges Bank.

While there is a need to increase knowledge about economically important
speciei, the greateit progress in fishery research probably will be made
through basic research riot, necessarily related to a particular species.
Some lesrser known marine animalý are adapLable to experimental conditions
and may be used to uncover principles which can be explored with respect
to imporl,ant food species Lthat are more difficull to hold in the
labora Lory.

Iz, FY-63, the Bureau',; program on living populations will fall into two
categories: cont-inuation of substantial marine research effort now
underway; and -the launchintg of a new banic research effort to increase
knowledge on biology of marinie organ istrin. The principal new studies
will be on:

(a) Disease and parasite infections;
(b) Doterminakion of factors which control

survival of critical young stages;
(c) Taxonomic relaioný•hip;-
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Attetio w~J. kegiven to. imnprovemients Lax ýPhniqyes ar~d instrau-
Smentation to ineroee the rate of presen-t renearah_ý aI 'b'19
new undertakings which cannot be aocomplished with existing methods,

Bureau of Spprt Fisheries and Wildlife FY-62 $100,000
FY-63 $147,000

Continuing studies will be undertaken of migratory marine fishes which
are of interest to recreational fishermen. Through support received
in 1960, a center of game fish research was established at Sandy Hook,
New Jersey, Major activities in this center are:

1) conducting a National Survey of catches
and an inventory of fishing facilities;

P) establivhing a compendium of all
available information on game fishes
and fishing and research in progress;

3) developing facilities for basic re-,
search in both experimental and
envi ronmental f i.e.di;

4) irnvesoiga'..in ir•lo game fi~ih problems
through conftact. wiLh appropriate persons
and agcincice around lhe country;

5) drawing up a program for research and
servii-e, to be establi.shed during the
peri od 1961-1965,

Research will be accomplatnhced through fellowshipn, grants and contracts
to state conservation organization; and uri:veraitoes, in addition to
the Bureaus s own undertakizg,.

A program of coa!,tal environmental research -.: planned for the Pacific
Coast in the area between Cape Flat.tery and PninL Conception and from
long Island to So,0I.hcrn Florida in the Atlantic The role of estuaries
in the liver: of game fi;hes i.- ý.e be studied. Collectj.ons of larvae
and young fi.8hen, will be made in a niumbcr of estuaries. Basic life
history informat~ioLi for game fin;h 'ipeiri will be sought.

Provision i- being made for physiological studies and research on methods
of rearing marine game finhe,6 in orde.r -to learn their physical and
biological requ.itoruerrv. for early survival and growth. This research
will commenre "in FY..? arid will continue in 1963, A deactivated
Naval Base at Ti.buron, Califernia ha,,: been obtained for future West Coast
operations.



P
Sogic4"4r, §,7;.000

'Research on a number of marine biological and biochemioal-problemsx
H involving the geologic history of ocean basIns; the origins of marine

sedimentary rooks, ores, and fuels; and isotopic and other chemical
processes of present.-day relevance is now being carried out in various
Geological Survey laboratories. A significant expansion of such work
is planned for FY-63. Typical subjects of this research include: the
analysis of modern planktonic skeletal materials; the role of organisms
in the origin of carbonate sed~iments and petroleum; the recently-..
dicovered fractionation of hydrogen isotopes by marine bacteria;
paleontological %n•'eatigatior.n of past land and ocean-current config-
uration�• ithe use of mar.ine fo.,esils for deI,ernjnation of ancient
climatic cond.i tLcns and the dating of marine sediments; shoal-water
ecology and paleoecol.gy a;. applied to stratigraphi~c interpretation;
and the .Inveutigal .Ic'. and possible development of a fuel cell basically
powered by marine bacterial oxidation,, Results of such work will
apply over a very broad rangn of problems relating to earth history,
animal physiology., mineral xp.lorat, icn, climatology and energy
SonI roe s.,

DEPARTMENT OF HEALTH, EDUCATiON & WELFARE

Office of FYuent,;en FY62 $59,000
FY-63 $59,000

The-.ý Oft.ce of Education award.i a number of graduate fellowsh.pl for
new an•d exparcl,'d prog.ram: ri ocearnography thah contribute to this
objrctt'eve a,.; well a., objective one,

DEPARTMENT OF THE TRIASIJRY

,oasit, Guard FY-.62 $ 0
FY-63 $ o

Under Gbjýect.ive Them,., fhf, (,(na.lt Guard ha: no direct research activities
othe'r than thI! cn]ied...or of' data in cooperation with other research
agr.:nca.rs. This anjud•. ; p)ankton hauls and samplang from ocean station
vew.-eis, lghLhip5, and Qlt B11r;rg sea patrol. Thi.sz w.ll continue

1 196'3.

NAT.1H'AL SCIENCE FOUNDATION

FY-62 $1"2,600,000
Ml -63 $3,100,000

The Div. nnn of Is:olog-cal and Medicea.. Sciences supports a wide variety
of studtes that .ihow promiL,.r! nf Leading Io a greater understand:ing of
li.fe arid livi.vg proce,-,ef In the marine and cstuarne environments.
Mitch of 'hhi, work i.• dlone aýt ma,'ne laboratories either on a continuing
or a seasonal. ba .,, aid much morc j.i carr.i•ed on iTI other laboratories
in which marine organ::.;mv are being used as experimental maberi.als3 in



y 6iety of research problems ranging from physiology to pharmacology,
from ~eei~Ar b~h&ViOMr1 otg.im t hjb& hy 1. 2 tnd63

individual research projeets that aim to contribute to thi knwwledge of
marine organisms will be supported in essentially all (some 20) non-

governmental marine laboratories in the country where such work is
conducted, and in some 70 additional universities, colleges, and other
research institutions. Such work will include, for example, systematic
studies on the classification, relationships, variation and evolution
of marine invertebrates, fishes, algae, plankton and parasitic forms;
studies on the distribution, migration, life histories and growth of
such forms; their physiology, reproduction, climatic adaptations,
locomotion, tolerances, behavior and functions. Work will be supported,
also, dealing with the productivity of the sea, the nitrogen cycle, the
effects of chemical constituents on the biota, and shallow water and
deep sea communities. Support is also provided for ship time for
biological oceanography and for the expansion and improvement of marine
laboratories and their graduate training programs.

During FY-63, major ship facilities will be significantly advanced,
with a biological research vessel being built for Duke University on the
East Coast, and two made ready on the West Coast, one for Hopkins Marine
Laboratory of Stanford University that is to have unique training
features as a floating classroom and laboratory combined, and another
at Scripps Institution of Oceanography. Other types of facilities that
will be supported or that are now becoming operational include a new
laboratory building at Friday Harbor Laboratories of the University
of Washington; a controlled-environment faallity, called a marinostat,
at Hopkins Marine Station, Pacific Grove; a new laboratory building to
house biological and chemical research at Woods Hole Oceanographic
Institution; and a laboratory at Lament Geological Observatory. Facility-
type support is also being given to the construction of a boat basin for
marine research in Texas, building expansion at the Bermuda Biological
Station, the marine biological laboratory at the University of California,
Santa Barbara, and the Cape Haze Marine Laboratory, and the establishment
and support of the Vermillion Sea Field Station.

The biological portion of the United States participation in the
International Indian Ocean Expedition will be entirely supported by NSF
through Woods Hole Oceanographic Institution. Logistic support has been
given by NSF to the development of the biological research program, and
the USS WILLIAMSBURG is now being taken over from the Navy and undergoing
reactivation in order to serve as the U. So biological research vessel
in that activity during FY-63 to 65. Some 250 American biologists responded
to the invitation to submit plans for participation in this expedition,
and it is foreseen that sufficient data will be gathered in Indian Ocean
waters to require continuing logistic support for its assimilation for
several years beyond the official termination of ,I.O.E.
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~ 21uia- b100141 stud:'e~s in Anta-rctic wat~ers w.LU. al~oco.Cmprý,e an-Part O.f the -•e eh adtivity of the UJRN& EA-N•N and shore

stations in the Antarctic.

SMITHSONIAN INSTITUTION

FY-62 $ 0
FY-63 $250,000

An obvious need in any oceanographic program is for adequate description
of the animals and plants of the sea, any one of which may become the
basis for an intens:ive study now or at some future date. The study of
ecology of those organisms naturally comes after the precise identi-
ficatlon and descri.ption of species are available. The development of
ecological biology, the foundation of all national appraisal and control
of our living resources, depends to a great degree on the rapid, accurate
and specific identification of organisms encountered. Accurate identi-
f.1cation of species of organisms is a bavic requirement for the elucidation
of marine biological phenomena and for an understanding of the complexion
of the resources of the sea.,

In order to provide basic ±dentLificationo of marine organisms to other
scientists engaged ýn this nat:,onral effort, and to prepare revisions
and monographs of biological groups about which 11 Ltle is yet known,
the Museum of Natural H.is;tory staff will be i1ncreased from its present
?l to *0 over a ter) year prn.od.. FY-63 will. see the initial effort of
this expanu.-lon. Until arn adequate staff iH achlieved, some of the
early work must be carried out. by contract to other in•,tltutions.
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OBJECTIVE FOUR - TO DESCRIBE THE SEA FLOOR AND TO UNDERSTAND ITS LONG-
TERM AND SHORT-TERM EVOLUTION; INCLUDING THE TOPOGRAPHY, GEOPHYSICAL
NATURE AND SUBSURFACE STRUCTURE WITH PARTICULAR INTEREST IN THE SEA
FLOOR'S RELATION TO THE SURROUNDING LAND MASSES

Some of the most marked advances in understanding the ocean basins have
come about through geological and geophysical investigations of the sea
floor. Less than fifteen years ago, little was known about the ocean
bottom and its structure. There were few reliable soundings, no seismic
refraction results, and very little magnetic or gravity data.. Geothermal
measurements were unknown. Within the past decade precision depth
recorders and seismic refraction techniques have evolved, gravity meters
have been developed that can operate on surface ships, highly sensitive
magnetometers have been towed routinely by research ships and geothermal
measurements have been carried out over large areas of the ocean. A
large part of the significant advances in this field can be attributed
to the massive effort that has been undertaken, but, in addition, some
of the success can be traced to the fact that once a marine geophysical
technique has been developed, it. ha:; almo:st. nrivarlably proved simpler
and quicker to collect data at sea rather than on the continer:ts,

Results of geological and jeophy.;ical r'c~irch at sea during" the east
decade may be divided int~o three,. cat.gor.ics.. The first is the iden•.-
fication and chart:ng of th, rr.aý,;ive featuret, that, characterize the
ocean bottom - the trencheL;, mounta:ri range., nrid sea mounts. Even today
these feature: are known only in the meo-,, grr.•;ý detail Secondly,
the nature and comoositien of the vaoL b.i-a,.ket of sediments have been
investigated and de.-cribed - aga',n only ;n a cursory manner. Third,
and more recently, the structure of the cru:,u beneath the sediments has
been examined, aria atterripts are being made to determine the orogenic
processes that. are c.:ntlnually modifying f.t Reoultz from all three
of these categorie:- are nprcvidýdng the fundamental knowledge required
to understand basic problem': -uch a-; the origin of the earth and other
planets.

DlEPAR'MENT C'F J)2 IENSE

DEPARTMEFNI OF THE NAVY

Oficee of Naval Research FY-62 $6,160;000
FY-63 $7,380,000

The geological arid geepfhysical research program of the Offi.ce of Na,.;ai
Research has, for the mo:-t part, been directed at a fundaniental compre-
hension of the sea floor, it,; substructure and history.

One of the prime objectiveý: in the program is to describe the sea floor,
delaneatir.g the majcr feat[ure:; 3uch a.; trenches, ridges and sea mountb
and to understand their or'.g-n. Th'1s effort .s carricd out by all sea-
going vessels supported by ONR. Precision doeth recorders will be
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ýAqo aord all -ships not now having. this, capabilitý. New teohn-iques4

shpsi~~ibe pmud j ointly- With other. ý Q it74 -tha1jr t

addition, research into new and better navigation techniques will con-
tinue in order that positioning does not become a limiting factor in
these investigations. Coring and dredging will be done in close har-
mony with the bathymetric program to provide information on the nature
of sedimentation and its physical and chemical properties and to under-
stand the processes taking place that continually modify the sediments.
Most of the sedimentation studies will be carried out by oceanographic
laboratories such as Lamont Geological Observatory, Woods Hole Oceano-
graphic Institution, University of Miami, Texas A & M, Scripps Insti-
tution of Oceanography and Cambridge University, England. Every
oceanic area will receive attention in this program, with major em-
phasis in the areas of good navigational control. These studies will
be conducted in to the shore line in many places to devel.op an under-
standing of the relation of the sea bottom to the continents. For
example, the continental borderland off Southern California and the
South China Sea will bo investigated by the University of Southern
California. Similarly, coastal geography studies will be made along
the East and Gulf Coast of the United States. Applied programs con-
cerning the acoustical properties of the sediments and the reflectivity
and reverberation of the topography will be accelerated in FY-63. The
Hudson Laboratories of Columbia University, the Marine Physical Labora-
tory of Scripps Institution and the Woods Hole Oceanographic Institution
will undertake the bulk of the applied research,.

Other geophysical. investigations of the sea floor and its substructure
will be made in cooperation with the aforementioned studies. While
underway, the research ships will continually measure gravity and the
magnetic properties of the bottom,. These results will be correlated
with topography., On station, the ships will make seismic reflection
and refraction measurements and will measure heat flow when possible.
None of these measurements by itself can provide definitive knowledge
of the earth's substructure, but the combination of all provides the
only effective manner in which the crustal properties can be studied.
In the past, the major features such as the mid-Atlantic Ridge and the
East Pacific Rise have received the primary attention of the geoph.isical
investigations. Studies of these areas, in particular the geophysically
anomalous area of the East Pacific Rise, will continue during FY-63.
Additionally, the topographic features of the Indian and Antarctic
Oceans will be examined to determine what relation, if any, they have
with the predominant features of the Atlantic and Pacific Oceans.. As
most of this work requires the use of two ships, both national and
international cooperation will be fostered. In the Atlantic, the
Woods Hole group will continue to work with the group at Cambridge.,
Lament will cooperate with the South American countries - Argentina,
Chile and Peru - and will also participate in the Indian Ocean Expedition.
Texas A & M will be encouraged to expand its geophysical work.. Scripps
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will have three large ehipa c490Pai of doing geophysical invest igations
in any oceanio area wi1th the ermeptien of the A-retioc The Soatt-Yadifio.-
and Indian Oceans will be the 'areas of concentration by the Scripps
Institution. The Universities of Wisconsin and Michigan will cooperatCe

p with the Lament Geological Observatory and the A~rctic Research Laboratory
in the geophysical investigation of the Arctic basin. Ioe islands and
sea flee statiene w.,ll be utilized, It is hoped that a ship can also
be "frozen inel an; a semipermanent l.aboratory..

A concerted effo,(t will ho made to improve geophysiAcal teehnrque5. Ne-w
methods of 3ub-bot'.om oxplo~ratic'n wti~l be e-xamined, Magnetic arnl gravity
inrtrument.;s ,vll !I. irmprove~dby mak~lng thorn, more sen.Ata~ve arid morew
reliýable.. At. attempt, wti be madt: Lo unte grate. the output of many of7
thes-e sensors- on puinched or magnet~ic- tape-, for d~gftal use along w~ithl
providing the converbtvmal analog display.. Computer tech~niJque:;, for
analyzing seinMic, recc~rd.;, w-,11 be inve.,:t:ga'.ed..

Non-routino I-dea.s. for Etplcr-iiig the cocea: bottom will be supported..
The~se wall incluide scetfcinvesti.gation made by th-e PTF2TIFE and
AIIUIINAUT. In addi t ;r't the Navy roll contorýruc- to support, ai~cog waili[
the Na:tional 1Science k'uttothe progrpm of deep oceai Jul ug i~n
ProjectL MOH2LL'I.E

Ilydrograpitc o ffi ce Fl-62 $.00, 000
FIT 63 VljUOoo)

The Hyrg'shc(ff.-cc prograrr fcir FYoý. :tncludes rresearch ieaij 'ng
t'o improvemerts in -:urve~y oqtnpnior.t ai~d t.e~iirqui,:- for app'l;cat~icli
on, above sod hers's th the, 51 risce i- tl' 'li ..oL.. , arid tV tht. deveiopmorut
of' now ard. .nupr'vod me! hcd~t of dat~a 'ariaiys, programmed to the' irax-
i mum po.; 31 ib:ie' i.j,;On f dc ~'rccoropo cr. beulinology. Tfhe
c~onve no . or of n 'as 'goVAi' .1PraU tor' itoV -mppnc'pria to trw. tary
tLera's and thie pe. o of' envi'roromcit,3- mo.t Do' bolt tm and

arko .t,' a crs el obji'': I.ýv- ye pro ted ia~psh).1 two,- for naval
operYa tI toni it jrough t moneyed krmovifhedge ol' thQw es',o- of uhin,
sern or Cv. ;':rirrie;.t wA~ , Lb o- y let.-; W~iik be par4d

in ItFhY-0.j prograrc- tic thy .rograpni- .0 ff ýcc wiiili- Vie vo conn -lo arab'U.
researc~h effort' to0 tin' (16c, p~ ard unfe titeai i' i sta floor
and as.ociat~ed genpnys~cait aril greologroiua phoriomerta. A nuimbs" of' UL; 1•..
wit.l be' ;on~cc.'rzK d wi. 1lii lvigce r angc c~bjcc I1'; tený lead) rig to I le soitcri -
tifi c extrapolat.:j (i .f gcc'phyr sc H.1A gE~otog cal enrid;. ai-d klii

'snvrsilor, arid d ply .7te¶:i: pr(d;: ed tcond: t.' cii: lt forc-cas-t.,
of military St" ilIO.

'rho oiz,(.c of datla coneF-rning! Silo fl-or' arid rn s rd iirometia depends to
a large oxtki.rit on theý abiilty 1,o po,.A!'0 ion auccuratecly at se~a. Anal-,.;t1
of presentl nata.I"; y;,tm aphl.te.,accurac.te,,a oud lamitaUrcn
will be undertaqken, sing with1 ot~hcr Nava'] aotivo t.ies-, aro lith dat~a
obtalined w-Lid be oj-'rI to pr'ovardf guidance for i'mprovinig pect'ert caps-,.
bjlritre:: arid iii cesiuxt-ing new nyoln~m.i, Capnbi' ties, for rap-i 'a sd



. . .accurate topographic and physiographic descriptions of the sea floor
W. i~ibe developed-th~ough advanes in bathymetu measuiqg techniques.
Improvements in mcro-b tbymet-ric te6hniqyes will be attempted by

towing a transducer close to the ocean bottom. This may allow for
more detailed study of the floor than is at present possible. Con-.
currently, reflectivity measurements of' the ocean floor will be
taken for use in future reflectivity prediction studies. Specialized
photogrammetric instruments are to be developed to allow rapid
and accurate compilation of bathymetric features with the use of under-
water photography,.

Observations of gravity data will provide information on the sea floor
and the underlying mass as manifested in density conLraLst. Develop-
ment, testing and evaluation of an airborne gravity measuring system
will be undertaken., This system must be compatible with the types
of naval aircraft and navigational systems available for collecting
other geophysical data.

Analyses will be made of the frequency and lower spectrum of magnetic
signals as monitored from aircraft, This project requires geomagnetic
data of high qnality obtained under controlled conditions. Magnetic
tape recordings of geomagnetic information will be used during analysis
of procedures..

Bureau of Ships PY-62 *575,000
-FY-61 $802,000

Within the Bureau, geological-geophysical research will be supported
at the Navy Electronics Laboratory and the Lament Geological Observatory.
Both programs contain elements of basic research although emphasis is
on problems of sound propagation, Sea floor studiets at NEL will
consist of sound tranjmission characteristics in sediments, identifiable
properties correlated with acoustic properties, sediment types and
formation affecting mine hunting; and mine burial, shear strength of
sedimenlts, theory of deep water sediments (lithificatL.on, ctc..), deep
photographic studies of ripples, sediment transport and canyon flushing..
The TRIESTE will be used in connection with these studies wherever i.Ls
unique operational characteri•s•Ics permit. Acoustic investigation of
the sub-bottom will be pursued using sonoprobe techniques. Likewise,
the program at Lament is directed toward understanding the charac-
teristics of ocean sediments arid the earth's crust beneath them as they
affect sound transmission. This will include detailed bathymetric
work, analysis of core samples, seismic studies and the development of
special instruments for use in marine geophysics.

Establishment of an acoustic data center, where the mass of unassessed
and uncorrelated information from various laboratories can be drawn
together, evaluated and placed in a fast data-retrieval system, is
being considered at the Underwater Sound Laboratory.
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DEPARTMENT OF THE ARMY

Off ice of the Obtef of Enginieers liY-.62 $ 6-3,000 -FY6 $100,0o00
Topographic changes in coastal waters will be studied with relation to
navigation channels, the silting of jetties and breakwaters and the
Scontrol of shoaling. These changes represent a complex interaction
of tidal currents, wave action and littoral drift. The projects
involve field studies, laboratory tests, and data analyses., Use will
be made of research institutions as well as government laboratories
in this work,.

The meeting of tidal currents and storm waves at inlet bars represents
probably the most. violent aspect of oceanography, and the study of this
action i.s costly and diffi]cult, A research study is underway to improve
the ability to analyze these actions in small-scale laboratory wave
and tidal basins.

The mechanics of tsunamas (earthquake generated waves) will be studied
with particular reference to the increase in height in shallow water
and the run-up of hes.e waves on the shore.

Startling changes in ihe oceanic environment have occurred i.n the coastal
zone where the tidal baysý, lagoons and estuaries are subjec.ted to s1hoal;ng
processes from silting and to ero,,zon by internal waves and tidal cur-
rents. Here, the interplay has resulted in the silting up, wlthin his-
Loric limes, of large bays Ke g. - the nou.v.siana marshes) and, conversely,
the erosion of great area, by wave attack (e... -. banks of Ches;apeake Bay),
Studies of the shoaling atod the oreosin in thne:e tidal wal,ers will bc

arr].ed cut as part, of this reearch program.

Bach Ero-,ten Board FY-62 $,h9,00C
!,,- 6.3 $152,000

Every wind movement over the ocean generates a wave train,, The accumil-
lated enerlV in these wave tra~ns :.t constantly bei.ng dlsspated on tYec
shores arid beaches of the land mass;es. The Board's research program
conk,a:ns a series; of studies to determine the relati.onship between
the character of the waves- and the changes (croe. :or or accretaon, of
the shore.. Studies will continue to be made to determine seasonal
beach changes from wave act:ion, a- well as more abrupt changes, from
a single violenil ,;torm,

The formation a,,d disappearance of offchore bars and beach cusps, berm
creation and de.-' ruceton, equilibrium pronPlet7, arn the rate of ittoral
transport, of sand along the shore are ether projects that w-ll be
continued or begun in 'Y.-63, Studies on basic mechanisms of transport
by waves and currents will be continued, through both university con.
tract and laboratory work.. The amount of sand in suspensiori under wave
action is under stludy, as is the proportionate relation of thi:s sus-
pended material to littoral transport rate., ti.ýe of various, flunrescent



and radioaetive trager materials in 'beadh studies is contemprlated in
fed studites in FX-6 Better -es"pt~ion_ of-s= and morsbsire

iateti.&14 bong sought, parti cularly through statisti6al means
utilizing computeraq and studies are underway on the sorting and redis-
tribution of materials under wave action.

DEPARTMN OF COMMERCE

Weather Bureau FY-62 $ o
Fy.Q $ 0

.The Weather Bureau~a interest in the sea floor topography and its
relation to surrounding land masses is restricted to the deflection,
blocking, or channeling of major ocean currents and the resulting
climatic effects. The potential of areal weather and climatic modifi-
cation could conceivably include the physical change in the flow pattern
of ocean currents.

The Weathkr Bureau is interested in studies relating current, topo-
graphy and climatic change, but does not plan to fund for such research
in FY-.63.

Coast & Geodetic Survey FY.62 $206,000
IFY-.63 $301,000

The hydrographic surveys and marine geophysical (magnetic and gravity)
operations of the Coast Survey contribute directly to this research
Objective. Although most of the funds for these operations are
listed under "surveys", there is no sharp dividing line'between sur-
veys and research. Recent research projects have been reported in
professional publications and include the geological interpretation
of bathymetry along the continental slope off southwest Florida
and a similar study of the Florida Straits south of the Keys., Other
research projects include the geology of a newly-discovered bank
rising from deep water in the Caribbean, a study of migrating sand
waves on Georges Bank, a study of the area of bottom erosion and
sedimentation in Chesapeake Bay., the geology of the sea floor in the
Gulf of Alaska, changes in Lituya Bay, Alaska, resulting from recent
earthquakes, and a study of the rising land mass in southeast Alaska.
invesotigations of this nature will be considerably expanded in FY-1963o

Working with the Geological Survey, geophysicists of the Coast Survey
are studying the distribution of magnetic anomalies in the Arctic'.
Marine Geophysical work is currently being carried out in the Chukchi
Sea, in the North Pacific and off the northeast Atlantip Coaut'
Acquisition of additional magnetometers and another shipboard gravity
meter planned for FY-1963 will increase the capabilities of the
Coast Survey in this field.

Equipment has been purchased which will provide information on the
thickness of rec'ent sediments and structure of the subsurface layers.
A new deep-sea camera to be used jointly by Coa4t.Survey photo-
grammetrists and oceanographers will be used for research on,the bea floor.,
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00 ftem the- Flor-ide, Straý and~th1e=4a~t F.oz-ida SheW...

* ii ..-.. been .... .zed by the S.i on a,
cooperative basis, and marine geophysicists from that agency and from
the qcripps Institution of Oceanography have and will continue to work
with the Coast Survey on cooperative research projects.

During FY-1962, the extensive ocean-wide survey operations in the North
Pacific provided for the first time accurately controlled data from
which the Coast Survey is constructing charts which will show for the
same area the total magnetic field, the gravity anomalies, and the
bottom topography. These are valuable research tools for studies
of the geologic history of the ocean basin.

During FY-1962, the Coast Survey made its first research grant for
marine geological research. This was to a graduate student at Johns
Hopkins working on the problem of underwater sand ridges. This
grant will probably continue in FY-1963, and it is planned that others
will be made when the funds become available.

DEPARTMENT OF THE INTERIOR

Bureau of Commercial Fisheries FY-62 $11,000
FY-63 $ 9,000

The Bureau's program does not contribute significantly to this Objective,
although an increasing awareness of the relation of fisheries to topo-
graphic features is being followed closely. in cooperation with
Scripps Institution of Oceanography, a series of topographic charts
showing locations of sea mounts in the eastern Pacific is being
produced. These are for use primarily by tuna fishermen, as past
research has shown that tuna concentrate near sea mounts..

Geological Survey FY-62 $205,000
FY-63 $230,000

The Geological Survey program contributing to knowledge of the sea floor
and marine sedimentary processes can best be illustrated by the
following tabulation of long-range programs to begin or to be extended
in FY-63.

1) Structure, geologic evolution, and sedimentation
of the Pacific continental margin, Western United
StateSo

2) Geologic history, substructure, and sedimentary
regime of the Alaskan epicontinental seas and
the Aleutian Island arc,

3) Petrogenic provinces and boundary structures of
the Pacific Basin.
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5) Substructure of the Atlantic continental shelf.

6) Sedimentary and diagenetic processes and provinces
of the Floridian shelf seas and adjacent water
areas,

7) Syntheses of existing knowledge of world conti-
nental shelves.

8) Ecology and biogeography of living and extinct
marine faunas important in interpreting the
geologic record.

Moat of these programs have the threefold objective of: (1) determining
the geologic history, subsurface structure, petrography, and evolution
of the sea floor (mainly continental shelves and borderlands), (2)
identifying the sedimentary, geochemic4l, diagenetic, structural and
geologically important biological processes operating at, above, and
below the sea floor, and (3) delineating and evaluating mineral and
mineral fuel occurrences.

The following investigation will be carried out relative to the above:

1) Analytical laboratories.

Studies of diagenetic processes with special
reference to glauconite, zeolites and clays.

Spectrochemical analysis of aquatic sediments
and relaLed waters.

2) Isotope geology,

Continuous gamma radiation profiles of bottom
sediments,

Investigation of physical properties with in
situ measuring and sampling devices.

Marine geochronological and paleotemperature

research.

3) Geochemical exploration and minor elements,

Studies of materials and minor elements in
marine sediments,
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- hipbeard and -shore side use.

Special roearch on minor element distribution

in the aquatic realm6

4) Experimental geochemistry and mineralogy.

Studies of mineralogy of marine sediments.

Marine geochemical research.

5) Paleontology and stratigraphy.

Marine geochronological and ecological research.

6) Theoretical geophysics.

Measurements and instrumentation for special
physical properties in connection with Project
MOHOLE.

Research with marine surface gravimeter and
magnetometer.

Extension of seismic investigations to the sea off
southern California,

The aim of the FY-63 program is to develop new concepts and improved
techniques that will be useful in (1) understanding and describing the
distribution and variations in abundance of the elements and their
compounds in space and time, (2) determining the composition, structure
and history of the earth, and (3) delineating and evaluating mineral
deposits, fuel deposits and water resources.

Bureau of Mines FY-62 $ 0
FY-63 $ 0

The investigation of the Bureau of Mines that leads toward this Objective
is described under Objective Five.

DEPARTMENT OF THE TREASURY

Coast Guard FY-62 $ 0
FY-63 $ 0

Coast Guard activity in Objective Four is limited to bathymetric sounding
tracks in conjunction with oether Coast Guard functions. This is in
cooperation with the U. S. Navy hydrographic Office. In FY-63 it is
estimated that 365,000 miles of echo sounding tracks will be compiled,
This activity is not funded with research money.
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FY-62 $1,55o0,o00
FY-63 $2,130,000

The geological, geochemical and geophysical oceanographic investigations
supported by the Earth Sciences Program of the National Science Foundation
are directed toward obtaining a basic understanding of the sea floor and
its structure. Among others, research in these areas is supported at
the Universities of Miami, California, Washington, Michigan, Southern
California, Missouri, and Georgia, as well as Florida State, Columbia,
Yale, and Rice University.

The geological and geochemical research covers a wide range of problems
requiring both laboratory and field efforts. Some of the general topics
receiving support are:

(a) the stratigraphy of deep-sea cores in the Atlantic
Ocean, Pacific Ocean, Indian Ocean, and the
Caribbean Sea;

(b) X-ray diffraction and spectrographic studies
of oceanic and coastal marine sediments;

(c) micropaleontological studies of Atlantic
and Pacific Ocean cores;

(d) paleotemperatures as determined by the oxygen 16-18
ratios of the calcium carbonate fractions of
deep-sea sediments;

(e) rates of sedimentation principally by
Carbon-l11 analysis;

(f) the dynamics of sediment transportation;

(g) thc geochemistry of radioactive and sthle
isotopes;

(h) the exchange phenomenon between the sediments
and the sea; 4

(i) sediment petrology and the development of
minerals; and

(j) lithofacie and biofacie surveys of marine
sediments.

The principal aim of geophysical investigations at sea is to advance
our knowledge of the surface and subsurface of the sea floor. Bathymetric,
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mod:.-l-icatioti and operation. -Dur-ring the- nrumerous craises aind expdi-tions
sponsored by thae National Science Foundation, many geophysical measure-
ments are taken. An example of this is the geophysics progra;M, suppotted
by the Foundation and conducted by Scripps, Lamont and Woods Hole.
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IAll, oceanographic investigations are pointed toward the ultimate goal
of maximum utilization of the world ocean for the betterment of man-.
kind. Much of the present and planned. research is immediately
pertinent to this goal. In most oases, however, we cannot immnediately
evaluate the ultimate use of basic oceanographic research, However,
all, the hopes for ultimate utilization of the oceanis are dependent
upon basic research., For example, if we hope eventually to be able
to modify and control the weather the physical oceanographers and
meteorologisgts must have a better understanding of the processes
now in operatLion at the, air-sea interface. Such control is pure
speculation wi.thout -this under.,stand-irg., Tlie same holds true for
increasing ou~r food supply fr'om the sea, arid obtaining more minerals.
We must understand what, is going orl in tho sea before we can exploit
it. once we have the facts -and only then - will we have the potential
tco understand thc ocean to ut1ilize it,ý fullest potential..

DEPA RTMENT OF DE;FENSE'

DEP'ARTMIENT OF I'Jll], ARMY

OffiLce Of Lime Cluef orfn~ nr fYY-62 $21,000
t1'Y.-63 $120,000

Flood con trol worktt of man frequently diverl. large quantities of fresh
watear from one e.OmaIuay Go another. These diverrlons may produce great
chiarieb in the bany,, aird eotuaries affected by the change. For instance,
tho divernsi-on of Mlsr.,asýsippi flow int~o the Atchtafalaya has resulted
in signilf:lnant, Ciiange,-; in the Atchmafalaya delts. Resulting salinity
and s iltIing coridil t ens have afiec Ied bothi the f' Lh lire and the
hydrogrufphy.. Silch clianigcs Pan) 1, made to be benieficial rather than
harmful to mank-ind,

An part( of it-- rummearni, 1Qrogram the. (;nr1~s i-3 evaluatingr the factors-
Conri~oDllng oalirmilty, m-ixing, flushing and irrgof e.-tuarles..
The goal i.. to obtain a quatiarbLative evaijuatiori of thiese factors
entabling tlie effecots of rliver diversion of Ithe uzteanic environment.
to be calculat~ed beforehifand s() that, harmful effects Carl be anticipated
anid avoided,. The p)rograrn of re.:etarch is rat~lier broad anid will include
s tudi en of salin-ity, cairrentfs, flocculations, arid the eroaion anid
transportationi of hol,tom mater.ials both Lin the laboratory and field,
Research will. also in~cluLde otudies of the effect~s of' en~larg,,ing, the
entranice chiajinlo 1' ,l(t and e.'tuaries.

UEPARTLt'I.IN OF COMIERRCE

Weather Bureau PY-62 :1 0
W'Y-63 $ 0

M~ost OT~ the Woal-her Bureau' a program, described Linder Objective Two,
a.ls,,o contfribut~es to Ob-Jecti-ve Five, If weathor .tS to be controlled
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C- ...... to the benefit of man, we Must understand more thoroughly air-sea
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Coast & Geodetic Survey FY-62 $ o
FY-63 $ O 0

All of the Coast & Geodetic Survey's programs such as: research on
tsunamis to improve the prediction techniques for the warning system,
current studies and charting activities for navigation, tidal studies
for use by coastal engineers and for storm surge studies are germane
to Objective Five. However, they have been described and budgeted
in) either the other objectives of this report or within the Survey
Program.

D)EPARTMENT OF INTERIOR

Bureau of Commercial Fisheries FY-62 $825,000
FY-63 $914,000

Oio of the principal ways it) which man may modify the oceans is throuigh
inducing a biological imbalance by the continued harvesting of certain
desirable species and the neglect of snecies of no commercial value.
Such selection imposes an additional mortality on species sought by
fishermen over that which occurs naturally, and it raises two queut bis:
(1) what effect does fishing have on relations between species arid
(2) what ratp of exoloitation can be applied to a population to obtain!
the maximum sustainabl]. yield? The Bureau directs considerable
resxearch towards tne first question iin i)resent programs and will
cont inue tWo (o so in the fu. tre. No new programs are planned specifl...
ca]l., on rates of exploieatioin in 1.963.

Expr.i.mciLs to induct mass biological productivity, sach as creation
oi' arlificial upwelling or nrL, ilizat, Jri of' the sea with trace e].iments
which may be critical to high ahbidaruce of basic producers, have been

propos•d. It would appear that such experiments can, in time, be
suocnsruf'ul hut that. their chati,'cs of ",ce.ess will be greatly enta,',
afLer the relations between product, ivity arid physical and bic!,L ½
proces3ues are better known. Biolog,.ts do riot know how most, marine

ardmats vespoutid to their pr(nscnt, cnvirotiment except in a very cLrLde.
way For some species. Therefore, t•his information should be gained
before g;ieing high priority to experiments which Would have to he

coiduclud on a trial basis h(.caus(e of' lack of present information to
dubsign, tLheim properly.

Tmprovemrron1ls iii ways to catch fi.;h are being sought. For examole,
cxperimeihLs will be made to herd fish, with ctirtains made from air
bubbles, into electrical fields from which they will be oumped aboard
ship.

Research on coastal and inshore oceanographic conditions in the Gulf
of Mexico is to be expanded. The aim for this work is to learn the
extent that engineering and industrial developments are altering the
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which dredglngs -dhaý eiztioni land-reel~ibh~o afid: other mo'ioaf 7 ~1
tions have on circulation, sedimentation and salinity will-bs. studied.

Geological Survey FY-62 $15,OOO
FY-63 $63,000

One of the primary responsibilities of the Geological Survey is to
locate, delineate and evaluate potentially useful deposits of minerals
and mineral fuels on and beneath the continental shelves, slopes and
borderlands, the deep sea floor and in the waters of the sea itself.
A substantial increase in effort to carry out this responsibility
will be made during FY-63.

Bureau of Mines FY-62 $50,000
FY-63 $50,000

One of the principal missions of the Bureau of Mines is the conservation
and development of mineral resources. To discharge this responsibility,
the Bureau of Mines investigates occurrences of minerals and conducts
research on mining and means of extracting metals from their ores
or otherwise preparing minerals for markeL. Its activities have been
confined largely to minerals and fuel deposits on land. Many such
deposits were laid down beneath prehistoric seas and the knowledge
gained from their study can be extrapolated readily to present-day
ocean bottom deposits. The need to broaden the Nation's mineral
resources base makes it both logical and imperative to extend Bureau
of Mines investigations to encompass the mineral deposits that lie
beneath the ocean and to the elements that are dissolved in the ocean
itself.

The Bureau of Mines has begun a limited program of analyzing ocean
bottom samples, taken by other oceanographic research organizations,
to determine the occurrence of valuable elements and minerals in the
sediments on the sea floor, Available data on such occurrence is
being collected and evaluated as a basis for future programs.

Theories and techniques of sampling the huge sea areas of the sea floor
will be studied. Research will be undertaken on means of selective
separation of trace elements from the very dilute solution that is
sea waLer.
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Q~J IE 9~- TO DETERI4NE, TilE EFFECT OF RADIOACTIVITY AND POLLUTION
~~~CN QUE131MIOAI1, GlLOA AND ItCXAPBQETSOFIU

1.11though research4 In this category may overlap with any or all of thle
precedinig objectives, the implications of contamination of the ocean
seem to justify a separate examination of this aspect of the oceano-

* graphic program. Studies of radioactivity arid other pollution are
supported by tire Atomic Energy Commission (AEC), the Department of'
Health, Education and Welfare (HEW), and the U, S. Bureau of Commercial
Fisheries (13OF). The AEC has the principal research program concerning
.radioactivity in the ocean; tire HEW is principally involved in actual
anid potential health problems in thre ocean; anid tire BCF is coneurned
with the effects of pollution on fishery resources now and in the
fut~ure, Ir addition, the ]3..reau of Sports Fisheries and Wildlife, Navy,t
lire Coast Guard, the Coast and Geodetic SurveY, the Bureau of' Mines,
lire Army Errginicors and other Agencies must be Torepared to conie
their operat~iorur fromr tlho ýatandpoint of pollution and under Cgiven.
circumstances any of tireun- ag~nrcieo may dovelon an operational nrogram
ini pollution research. Vor example, the Navy iias carried out nOoll'ution
research in counriec lion rwilih its weapons development program and thle
Blureau of Snorts F~isheries- arid Wildlife is developing a capability for
invesftig.,at~ing pollut~ioni as an aspect of its responsibility for marine
f~ishiery resources;.

I fi'A l!!F i OF 1)J'N

LrEPARTMITTh' Oi. TIP;! 1AVY

U,. '3 Navy,. llycidrogj-raphic Office, FY-62 ;,20,000
",,Y-63 ;ýO2,000

Ac r~i l.i ryr I area lf.i r dd! br nil (!''infor will. Ihe field arid theoretical
o l,Lrdjrs of flu:3i lunt: arid di aprwrsona cit on t~ain iriaiiLs w i~ci ino into
-iolJ.rriozi 1) e dioporsal Lucc lique.0c; and Lurinralerice, measuremeriLs will
be valLiahic 'A idluit on mlLion of curitaruinated wat~er w~ill be carriled
oit in ncar.-Aiore, us! riarinut and deem oucarric waters,

InUPARTi14N'i OF TIIIi: ARHY

offioc of tino Chief of F~iicaFY-62 e~,'21000
PrY-63 q)O000O

Ifurricairo iroi~ceLiuri eroaucaý;i oft~unr involve tire construction of' nermanent
,scawall,, or- di ken,; arriu(So inlC0.: to 0i ro, out tire irUrricarre surge. Theics e
walls3 oi- (ikoo may alt~er mix ing arid rluiltingq characteristics of thre
tidal flow anid affect tire polluioni arrd Lire fishý life of' tire area.
Tho FY-63 research programn will Lircluodo studies to evaluate tire effects
of full or' part ial barriers to tidal flTow.



4~DEPARTMENT OF COMMERCE-
Cda~t & Geodetic Survey ft-69

FY-63 $ 0
To date, the contribution of the Coast and Geodetic Survey to this
research objective has been only as a reimbursable collector of data.
Under contract to the Atomic Energy Commission, the C&GS has carried
out several environmental studies off the Atlantic Coast; studies
involving currents, bottom topography, sediments and bottom-dwelling
organisms. In the past the Coast Survey, at the request of the
Atomic Energy Commission and the Maritime Administration, carried
out an extensive study of the currents, temperature, and salinity
of New York Harbor to provide the basic information for estimating
the flushing time of radioactive contamination from the Harbor.
Special sediment collections have been made for the Public Health
Service for use in their radioactivity surveillance program.

During FY-1962, the PIONEER had aboard a radiochemist from the Scripps
Institution of Oceanography who was carrying out sampling and concentration
operations as part of a study of the distribution of Cesium-137 in the
North Pacific. Cooperative endeavors of this type will continue in FY-1963.

In FY-63 the C&GS obtained one small vessel specifically for shallow
water and estuarine circulatory surveys. In FY-63 this ship will be
used in Charleston Harbor in an extensive study of the current regime,
and the resulting studies will provide information of use in this
research objective.

1)IgPARTHIENT OF INTERIOR

Bureau of Commercial Fisheries FY-62 $100,000
FY-63 $151,000

Radioactivity - The Bureau of Commercial Fisheries has conducted
research in cooperation with the Atomic Energy Commission for more than
10 years at the Beaufort, North Carolina laboratory. This research is
providing information on the accumulation of radioactivity by marine
species and the effect of this accumulation upon the well-being of the
species. This is a continuing program providing basic information which
can be used to evaluate the ha:.ards of various levels of radioactivity
upon food fish products. It is expected that research, which until now
has been in the laboratory, will be expanded to consider results in
small enclosed pools or tanks,,

In 1961, the Bureau began a cooperative study with Public Health Service
on the dictribution of radioactive subitances in the estuary of the
Sava••nah River in Georgia. The Bureau's part of this project has been
to supply a marine biologist to assist in planning and carrying out field
sampling to develop satisfactory procedures for monitoring levels of
radioactivity in streams. Funds for this project were supplied by the
Division of Radiological Health of the Public Health Service.
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* The fwrer•u also began a radiobiology consultation program in 1961-to

-'TW~ proJ'67?NWhich is based in- Washington A`. 0 -iU e. ex
FY-.63 since at least two more specialists will be required to meet the
increased workload caused by the increase in the number of applications
for Federal licenses to construct nuclear plants.

The Bureau also plans to construct a new radiobiology laboratory at
Beaufort, North Carolina during 1963. This will replace an existing
laboratory which has been frequently flooded by hurricanes.

Pesticides - Under special authorization by Congress, both Bureaus
in the Fish and Wildlife Service are conducting research on the effects
of pesticides on fish and wildlife. Research is being carried on at
Milford, Connecticut, where the effects of pesticides on oyster and
clam larvae are being studied. In Alaska the Bureau is cooperating
with the Forest Service in evaluating the effect of forest spraying
on the eggs and fry of salmon. The major portion of the Bureau's
research on pesticides is conducted at the Gulf Breeze, Florida
laboratory, and at present-concerns the effects of pesticides on
juvenile and adult fish and shellfish.

In 1963, field studies on the effect of pesticides will begin in
the estuaries of the Gulf of Mexico. This project will probably
continue for a number of years since many pesticide chemicals have not
yet been studied, and since more information is required before the
Bureau can advise pest control agencies of safe tolerance limits for
aquatic species.

Estuarine Studies - In the broad sense, studies of the bays and estuaries
along the Gulf Coast are concerned with effects of changes in the
environment which might be described as pollution. These studies,
which are based at Bureau laboratories at Galveston, Texas .nd
St. Petersburg Beach, Florida, are concerned with the hydrology of
inshore waters and the tolerance of estuarine species to changes in
their environment. Information gathered in these studies will provide
a basis for predicting the effect of proposed engineering changes in
coastlines, waterways, marshes and bays upon commercial fishery species.
Among the possible changes in environment are increased turbidity,
changes in salinity and temperature, reduced fishing rates, and
decreased river flows which might reduce the dilution of domestic wastes.
These studies began in 1961 and were continued in 1962. It is planned
that funds for esbuarine studies will be increased for FY-63.

Bureau of Sport Fisheries & Wildlife FY-62 $ 54,000
FY-63 $100,000

Pesticides - The Bureau operates a Fish-Pesticide Research Laboratory
to study the effects of insecticides and other pesticides on fishery
resources. Studies involve the identification and measurement by
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Standards for pesticide content of the environment which can be endured
without severe chronic effects are one objective of these studies.
Tolerance limits of various organisms are another.

Oil Pollution - Research is needed on the effects of oil on sport
fish species, their foods, and upon waterfowl. The Bureau assists in
determining areas of pollution and in the formulation of regulations
covering dumping of oils in prohibited zones.

Estuarine Studies - The Sandy Hook Marine Laboratory (New Jersey)
6ommenced a -study in FY-62 of the Shrewsbury River estuary. Plans are

to expand this study to include areas on both the Atlantic and Pacific
Coasts, and to include documentation of environmental conditions
affecting young game fish and their foods.

Experimental Biology - A prerequisite to determination of the effects
of pollutants is an undqrstanding of the survival, growth and well-
being of marine organisms in relation to their environment. In FY-62,
an experimental laboratory program was commenced at the Bureau's
Sandy Hook Laboratory to study the influence of various environmental
factors including microorganisms, under controlled conditions, on
growth and physiology of marine fishes. This involves the establishment
of a number of plankton cultures, a determination of their nutritional
and physiological requirements, an evaluation of biochemical inter-
relationships among plankton species, and test feeding of larval and
juvenile fishes with various cultures of plankton tagged with radio-
isotopes. This program will be continued in FY-63.

Geological Survey FY-62 $15,000
FY-63 $20,000

Modifications of the oceans resulting from the activities of man are
also the subject of Geological Survey researcli now in progress and
planned for FY-63. Such research includes the effects and fate of
radio nuclides and obher pollutants delivered to the oceans by ranoff
from the land; the possible results of the use of nuclear energy for
coastline modification (Project CHARIOT); the effects of man-made
structures on coastal erosion; and the effect on ground-water salinity
of high-water withdrawal rates in coastal areas.

DEPARTMENT OF I1EALTI1, EDUCATION & WELFARE

Public Health Service FY-62 $1,150,000
FY-63 $1,500,000

Fundamental to the safe disposal of wastes in the marine environment
is the full understanding of the effects of such wastes on marine
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the marine organisms; concentration of toxic chemieals Md pathogenic
organisms in the food chain of edible marine food resources; the
mechanisms causing paralytic shellfish poisoning and poisonous fish;
understanding of the biology of marine organisms which may lead to their
control in assimilating pollutional materials; thd survival rate of
pathogenic organisms in the marine situation; generic studies of marine
organisms which may lead to new knowledge of human life and health; and
studies to determine any medically or pharmacologically important
substances which may be produced by marine organisms.

Research studies include the effect of sewage on fertilization and the
effect of certain industrial wastes on the productivity if the euphotic
zone; oxygen and carbon dioxide relationships with photosynthesis,
respiration and growth of marine algae, bacteria and other organisms;
and the relationship and effects of radiation and wind movements on
biological growth and distribution. Where possible the basic findings
of other agencies doing research on radiation and air-sea interface
phenomena will be utilized or studied cooperatively.

During FY-63 the Public Health Service hopes to have completed two new
research laboratories, one in New England and one on the Gulf Coast,
in support of an expanded National Shellfish Sanitation Program. It
also hopes to have in the planning stage a field laboratory and
research center for pollution control, including studies of pollution
of estuarine and inshore waters. The planned direct oceanographic
research program for FY-1963 relating to pollution is as follows:

1. Chemical and bioassay studies of industrial wastes to
determine their fate and toxicity in the marine environment;
particularly as these affect shellfish, fin fish, and other
aquatic life. Studies of the mechanisms and rates of
biochemical reactions in sea water in relation to assimilation
of sewage and industrial wastes.

2. Determination of the longevity and fate in sea water of
bacteria and viruses of human origin, with special refer-
ence to contamination of recreational beaches and harbors,
and saline waters that may be converted to fresh water.

3. Studies to determine the adverse effects of municipal and
industrial wastes on shellfish, and of natural environmental
factors which make dangerous their ingestion by man or interfere
with their reprodnctinn and growth.

h. Research to develop and perfect instrumentation and pro-
cedures for routinely detecting and measuring pollution by
radioactive wastes in the inshore and estuarine waters,
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I5 Field studies to determine dispersal patterns and velocity
ofwater movements in inshore waters, horizontal and vertical
velocities in estuarine and inshore tidal movements, and
sedimentation rates under various conditions of water movement
and marine topography.

The Public Health Service hopes to implement its authority to establish
fellowships and make training grants at the graduate level, including
support in the oceanographic sciences. It will continue to make grants
for research in oceanography and oceanographic-related projects.
Consultative services will be provided to state agencies and other
federal agencies. Comprehensive programs for water pollution control
for the Columbia River Basin, the Chesapeake Bay and Susquehanna River
Basins, the Lower Delaware River and Raritan Bay Basins, and the
Tri-State Metropolitan and Hudson River Basins (New Jersey, New York
and Connecticut) will include the necessary research and studies for
the estuarine and harbor areas, including the fate of radioactive
materials in the Columbia River estuary.

In cooperation with other state and Federal agencies, the Public
Health Service conducts radiological environmental surveys in estuaries.

In some instances these surveys were originated to obtain information
about the background radiation levels in an estuary prior to the
start of nuclear operations. In other cases, surveys were initiated
to assure that the nuclear operations do not cause high activity in the
marine food supply, and in still other cases they were designed to
obtain basic information as to the route of radio nuclides from marine
disposal to the food chain. In these investigations attention is
focused towards finding indicator organisms and correlating the
concentrations of radioactive substances in these organisms to the
radioactive discharge from the source.

All estuary environmental survey projects are conducted on a basis
that allows direct comparison of data and data examination. The
samples taken and the division of samples have been detailed so as
to be compatible with other estuarial areas and will allow for more
precise and detailed data reporting and comparison than previously
were possible. The samples are divided into significant component
parts and the data are :reported in a form that is adaptable to computer
punched card manipulations,.

The purpose of all sampling is:

1. To determine the radiation levels of seafood with due regard
to nuclear weapons testing fallout, nuclear operations and
other sources;



2. To select appropriate indicator organisms to be used in
Bar ~sfo rdi o ni.uolides in Marine environ- -tJ

3. To learn of the possible effects on the fishing industry;

4. To obtain basic data useful in determining the fate of
radio nuclides in the water medium and also in the develop-

Sment of mechanisms for the removal of such nuclides from
the aquatic environment.

Comprehensive program development projects are underway for the Columbia
River Basin and the Chesapeake Bay and Susquehanna River Basins. These
studios will include the water quality requirements and pollution
control measures needed for the maximum utilization of the estuarine,
harbor and inshore waters associated with the Columbia River Basin
and Chesapeake Bay. All pollutants and their effects will be determined,
including chemical toxicants and radioactive materials.

ATOMIC ENERGY COMMISSION

FY-.62 $3,8)40,000

FY-63 $5,335,000
Radioactive materials have been added to the ocean from a variety of
sources, including fallout from nuclear tests, packaged waste disposal,
the operation of river and shore based reactors and the operation of
ocean-going vessels. Since the magnitude of added radioactivity from
some of these sources, as well as from exploitation of additional
applications of nuclear energy in the ocean, is increasing, it is
necessary to determine the actual and potential impact of such intro-
duction of radioactivity on man and his marine resources. An understanding
of general principles must be developed as well as an explanation of the
processes resulting from addition of radiation and radioactive isotopes.

The marine sciences research in the AEC is aimed at the determination
of the impact of radioactivity on the oceans and their contained life.
Such research may be in reasonably close support of developments in
nuclear devices and their operational testing However, the research
problems generally have applications that extend well beyond the specific
experiment.

Research into the abundance, periodicities and fluctuations, as well
as of the economic importance of marine organisms, are made of areas
adjacent to or potentially affected by such operations and sites for
disposal of wastes from nuclear industries. Studies include inter-
relationships of organisms in food webs, reproductive cycles,
migratory habits, aggregation, etc. in order to evaluate properly
the many ways that radioactivity may be concentrated and dispersed
in the marine environment.
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strontium, Zinc, ruthenium, yttrium, cerium, etc., The AW is seeking
to learn whether the concentration is repeated at various trophic
levels and whether such concentrating ability results in hazard to
man as well as whether or not the concentrating power can be used to
advantage in decontaminating radioactive areas in the ocean. Since
at least twenty to thirty important isoLopes may occur in thousands
of significant marine species in variously acceptable chemical states,
it would appear that studies must be continued for a long time before
the role of radioactivity in the marine environment is determined with
reasonable assurance.

Radioactive materials may go into true solotion, they may occur in a
colloidal state or they may be particulate in the ocean. Sediment
transport and sedimentation phenomena must be studied to permit
predictions concerning distribution of oceanic radioactivity. Studies
are necessary of the modes of transfer of radioeloments from sea water
to sediments and from sediments to sea water in order to understand
their reactions and to trace geochemical processes that affect their
distribution.

Naturally radioactive elements and cosmic ray produced isotopes are
apparently at equilibrium in the ocean with geological time. The
movements and effects of introduced radioactivity may be with similar
naturally occuring radioactive isotopes; thus, studies of the
naturally radioactive materials are necessary. Since the rates of
decay are constant of uranium and thorium as well as their radioactive
daughter elements, the absolute quantities of such isotopes can be
related to produce an approximate age of sediments and to trace
geochemical processes of importance in the materials budget of the
earth.

Biological processes modify theoretical distribution of sediments.
Studies of biological processes will give considerable data concerning
the relative effectivenens of chemical and biochemical processes
in the removal of radioactivity from the ocean water. Investigations
of the removal of radioactivity by feeding marine organisms and the
binding of such material in their waste products will continue.

In attempting to explain the actual and potential distribution of
radioactive isotopes in the ocean, circulation and mixing processes
are studied in various ways,

Radioactive isotopes from fallout are usefuul in providing knowledge
of the vertical and horizontal mixing of ocean waters. Some isotopes
apparently move with horizontal currents and others may show laminar
flow along thermal layers. Abundance with depth of radioactive
isotopes which were added in a reasonably uniform manner to surface
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waters gives information concerning the ocean that is otherwise
difficult to obtain.

Recent developments in techniques for study of fluorescent dyes indicate
that diffusion studies of materials at depths in the ocean will soon
be feasible. Along with carefully controlled introduction of nuclear
materials, diffusion tests will help to explain oceanic phenomena as
well as improve the prediction of effects of accidental or deliberate
loss of nuclear devices into the ocean.

Studies of circulation and mixing processes in coastal waters and
estuaries provide information of value to nuclear operations in these
waters, and they may add substantive in-ormation to our understanding
of such processes as upwelling and fishery production.
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