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FOREWORD BY THE VICE PRESIDENT OF THE UNITED STATES

The establishment of a long-range program to utilize the oceans for the benefit of all mankind
was set forth as a national policy by the Marine Resources and Engineering Development Act
of 1966. Meetiug marine science needs and opportunities in turn depends significantly upo:: a
strong research capability. Such research encompasses a broad spectrum of disciplines in support
of, among others, the development of living and non-living resources, environmental prediction,
conservation and recreation, maritime commerce, and national security activities. While these
endeavors are supported largely by the Federal Government, they are conducted in some 95
academic institutions; several hundred State and local organizations and laboratories; over 35
private found.tions and professional associations; hundreds of industrial organizations; as well
as in more then 85 Federal laboratories.

Maximizing benefits from the Nation’s growing investment in the oceans requires develop-
ing the fuil poiential of this widely dispersed research capability. Because of the very number
and diversity of organizations and activities involved, however, there is a serious hazard of
unwitting duplication or gaps in research efforts. Complete information about on-going research
and effective information transfer thus become key elements for assuring that individual scien-
tists, engineers, adniinistrators, and policy officials have access to knowledge of “who is doing
what, where, and with whose support.”

Toward that end, the National Council on Marine Resources and Engineering Develop-
ment is rcleasing this report: Marine Research— Fiscal Year 1968. The 2589 project descrip-
tions contained herein should assist participants in Government, industry, and universities to
select new areas for research, while avoiding wasteful duplication. By identifying individuals
and organizations active in the same or closely aligned fields, communication of ideas, opinions,
and data should be facilitated. And policy planning and decision making at all levels should be
enhanced by the overview this compilation provides of the scope, balance, and texture of marine
research.

Although invitations for contributions to the catalog were extended to over 400 non-Federal
sponsors, this first national inventory of marine research still lacks information about many
relevant non-proprietary projects. In addition, marine technology, ocean operations, and capital
expenditures are not covered. It is hoped that among the benefits from this publication will be
expanded recognition of the value of descriptive information about marine programs, and support
for activities designed to improve the flow of information among specialists working in this area.
I commend this report to all of those interested in the marine sciences—in their endeavors to
help this Nation achieve the goals of more effective use of the seas.

. =

Sriro T. AGNEW,
Vice President




INTRODUCTION

One facet of the United States’ marine science program, set forth in the Marine Resources
and Engineering Development Act of 1966 (PL 89-454), is:

“The effective utilization of the scientific and engineering resources of the Nation,
with close cooperation among all interested agencies, public and private, in order to avoid
duplication of effort, facilities, equipment, or waste.”

To fulfill its responsibility to assist the President with implementing the Act, the National
Council on Marine Resources and Engineering Development has recognized that achievement of
this objective depends critically upon the availability of comprehensive, definitive and timely
information about the Nation’s marine science activities and capabilities. Toward this end, the
Council assigned to the Science Information Exchange (SIE) in April 1968 the responsibilities
as a national center to collect and disseminate information ~bout current, unclassified marine
research. In October, the Council contracted with SIE for preparation of a catalog of marine
research sponsored by the United States during fiscal year 1968.

Marine Research— Fiscal Year 1968 is the product of an inventory of Federal and non-
Federal organizations with ocean-related research programs and interests. It contains descriptive
summaries of 2,589 unclassified projects which were funded, either for the first time or as con-
tinuing efforts, during that fiscal year. Associated with these projects, and identified by name and
address, are 3,022 investigators; 457 contractors; 25 Federal supporting agencies; and 95 non-
Federal sources of support.

The projects referenced in the catalog cover basic and applied research on the marine environ-
ment and its resources. This environment is defined to comprise the oceans, the estuarine and
coastal areas, and the Great Lakes. For purposes of project selection, contributors were requested
to interpret the guideline definitions in a broad sense so that pertinent items would not be over-
looked. Research on properties of saline water svstems, the behavior of materials in seawater,
and techniques of desalination sponsored by the Office of Saline Water is omitted because these
data are presented in the annual Water Resources Research Catalog which SIE prepares for the
Department of the Interior. In addition, the level of project funding is not presented in this first
edition since it was absent on almost one-half of the marine research summaries registered at SIE.

It is hoped that the document will be of sufficient value to encourage users to maintain com-
plete and current records of their projects at SIE, thereby providing a central source for compre-
hensive marine research information.

The catalog could not have been produced without the full cooperation of the Federal
agencies and State and private institutions which reviewed, updated, and supplemented the
records of their research on file at SIE. Special appreciation is extended to the many industrial
organizations that provided project descriptions to SIE for the first time in support of this inven-
tory. Finally, we wish to acknowledge the effort made by the Science Information Exchange in
completing its work with skill and on schedule, and the direction of the project by Mr. Bill Long
of the staff of the National Council on Marine Resources and Engineering Development.

—_ 5 Y




EDITOR’S NOTE

On 30 April 1968, the National Council on Marine Resources and Engineering Developmeni
designated the Science Information Exchange of the Smithsonian Institution to be the national
information center for unclassified, current marine science research information. Specifically,
the Exchange undertook the responsibilities of a National Center for receiving, compiling, cata-
loging, and disseminating information concerning unclassified ongoing research and development
activities in the Marine Sciences.

Marine Research—Fiscal Year 1968, prepared by the Science Information Exchange at
the request of the National Council on Marine Resources and Engineering Development, is a
part of this continuing mission in the marine information area. It provides information on 2,589
projects, supported by both Federal and non-Federal funds, In addition to projects registered with
the Exchange, requests for ongoing research projects were made to some 385 non-Federal sources
of marine research in an effort to supplement the non-Federal research already registered,

The research listed has been forwarded for inclusion by the supporting agencies. Frequently,
more than one agency sponsored a single research project, sometimes resulting in the receipt of
multiple records for the same research effort. If these project descriptions were essentially the
same, only one was included in the document. However, all sources of support are identified for
each project summary appearing in the catalog.

The projects included herein were reviewed, updated, and designated as marine research
by the original source of material: Federal and state agencies, private industry, academic institu-
tions, private foundations, or individual scientists. They were assigned to chapters and subchapters
according to their subject matter. In addition to the summaries of the 2,589 projects, the catalog
contains the following indexes: Subject Index, Investigator Index, Contractor Index, and Sup-
porting Agency Index. The information which appears in the summaries and indexes was taken
directly from the project records as received by the Exchange.

The Subject Index was developed by the Science Information Exchange. Each project has
been indexed to an average of five terms which are arranged in hierarchies indicating relationships
between broader and narrower concepts. The index term is followed by the project title, additional
keywords used in indexing, and the chapter and subchapter number of the project. All terms were
selected to emphasize the marine aspects of the project and are as specific as the language of the
summary. A project which deals with “wave-built terraces” will be indexed to that specific term
under a hierarchy consisting of the term “‘depositional features’” and the still broader term ‘‘shore-
lines-geomorphic studies.” Thus, one must turn to the high level term ‘“shorelines-geomorphic
studies” to find projects dealing with wave-built terraces, but ke will also find all geomorphic
shoreline studies grouped together in the same section. To further aid in locating subject areas,
the first high level hierarchical term to appear on a left-hand Subject Index page is also printed
in the upper left-hand corner of that page and the last high level term to appear on the right-hand
page will also appear in the upper right-hand corner of that page in dictionary fashion.

The Supporting Agency Index consists of a single alphabetic listing of both Federal and non-
Federal sources of support. In view of the large number of state agencies and departments, they
sre displayed as a combined group under each state. All investigators cited on the source docu-
ment are included in the Investigator Index. An asterisk is used to designate the individual speci-
fied as principal investigator. However, in some instances it :s apparent that the “principal
investigator” denoted on the source document is, in fact, a program managzar who is not working
at the contractor location given in the project summary. The Cortractor Index is an alphabetic
listing of the performing organizations and their locations. o

‘All of the indexes in this catalog were generated by means of a computer, necessitating a
limitation on the number of characters available for index terms and captions. Thus, in some
instances, abbreviations had to be used.

We hope that the users of the catalog will advise the Science Information Exchange of any
errors of omission or commission that have been made. Also critiques of this volume are en-
couraged so that future editions might best reflect the information therein in a format and with
indexes which are most convenient and acceptable te the user.

MonRroOE E. FREEMAN, Director
Science Information Exchange
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DESCRIPTIONS OF RESEARCH PROJECTS

1. PROPERTIES OF WATER

"(Studies In-Situ and of Saline Water Systems in Laboratory)

1A. ACOUSTICAL PROPERTIES

(see Chapter 7g For Acoustical Properties of Sediments)
8

1.0001, ARCTIC ACOUSTIC RESEARCH
B.M. BUCK, General Motors Corporation, Goleta, California
93017 (NONR)

A long term study of the properties of the ambient noise in
the deep Arctic Basin will be studied with special interest in the

effects of anisotropic noise field on the degradation of equipment.
Propagation studies will continue.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0002, TURBULENCE STRUCTURE AND NOISE STUDY
E.R. VANDRIEST, North Amer. Rockwell Corp. , Long Beach,
California 90803

The objective of this research project concerned the mea-
surement of noise produczd by turbulent flow as a function of
flow projectries. The experiment utilized a pressure transducer
located in the wall of a tubular fixture which was subjected to tur-
bulent flow. The project also determined the reduction of such

noise through the use of additives which were injected into the
flow.

SUPPGRTED BY North American Rockwell Corporation

1.0003, DETERMINANTS AND CONTROL OF UN-
DERWATER VOCALIZATIONS IN THE CALIFORNIA SEA
LION

R.J. SCHUSTERMAN, Stanford Research Institute, Menlo Park,

California

The purpose of this project is a delineation of the factors in-
fluencing the underwater vocalizations of a member of the pin-
nipeds, Zzlophus californianus, the California sea-lion. A deter-
mination will be made of the degree to which these vocalizations
can be utilized to communicate information from visual dispiays,
e.g. different shapes and sizes of objects and patterns. Both the
‘naturally* occurring vocalizations encountered in free-swimming
situations and controlled vocalizations utilized for informaiion
transfer.

While a great deal of scientific and training effort has been
placed upon the cetaceans, particularly the dolphins and por-
poises, the pinnipeds, or seals and sea-lions have received little at-
tention as to their capabilities and general biology. This project is
one part of a program to provide such information on this group
of highly adaptable and potentially valuable animals. The Navy
should be aware of the physical parameters and behavioral pat-
terns involved in the pinniped contribution to the oceanic
acoustic ambient and the feasibility of utilization of these intel-
ligent animals in similar supportive roles to those now filled by the
porpoise.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0004, OCEAN DYNAMICS - OCEANOGRAPHIC
ANALYSES AND FORECASTING MODELS
T, LAEVASTU, U.S. Navy, Postgraduate School, Monterey,
California 93941

OBJECTIVE: To determine those environmental factors af-
fecting acoustical uses of the ocean. Categorize strategic areas
into similar acoustical provinces for sonar cperation. To provide
scientific acoustical synoptic oceanographic analyses/forecasting
models.

APPROACH: Extrapolate and interpolate the oceano-
graphic and acoustic properties of known to unknown areas.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0005, OCEANOGRAPHIC RESEARCH
Y. IGARASHI, U.S. Navy, Undersea Warfare Center, Pasadena,
California 91107

Technical Objectives: To conduct an oceanographic
research program that will provide an understanding of the effects
and limitations imposed by the marine environment on the per-
formance of weapons and weapon systems and the discovery of
information which may lead to new concepts.

Approach: An applied research program is being pursued,
keyed to acoustic problems in shallow waters. Two related areas
are being investigated: (1) spatial dependence of temperature and
sound velocity structures in water masses and (2) bottom charac-
teristics at specific frequencies. To obtain basic data on tempera-
ture structure, a measurement program has been set up which
requires simultaneous measurements at three stations using preci-
sion sensors. Physical measurements will be correlated with
acoustic propagation tests; an improved theoretical model will be
used to compute the intensities. A program has been formulated
on the investigation of the relationship between bottom struc-
tures, and reflectivity and scattering at specific frequencies. Two
reference areas having contrasting geological (and acoustic) pro-
perties were selected off the Southern California Coast for exten-
sive oceanographic and supporting acoustic measurements.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0006, OCEANOMETRICS
E.R. ANDERSON, U.S. Navy, Undersea Warfare Center, San
Diego, California 92140

Objective: To determine those environmental factors affect-
ing acoustical uses of the ocean; to extrapolate and interpolate
the oceanographic and acoustic properties of known to unknown
areas; to develop theory for predicting the effects of variability of
three layers of the sea; develop theory and models for predicting
underwater sound propagation; develop statistical, physical and
computer techniques.

Approach: Employ oceanographic, statistical, and computer
concepts and techniques to develop new approaches for analyz-
ing, summarizing, interpreting and extrapolating oceanographic
data in ways meaningful to the scientist, engineer and officer deal-
ing with underwater acoustic propagation research and equip-
ment design and operation. Study the temporal and spatial varia-
tion of sound velocity and other pertinent oceanographic varia-
bles and their effect on sound propagation.

Make studies and investigations to describe space/time dis-
tributions of environmental factors; regional studies of same;
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verification of theoretical work in dynamic oceanography and
statistics; computer programs; special support of laboratory
problems.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0007, MEASUREMENT AND PREDICTIVE STATISTICS
OF REVERBERATION
W.E. BATZLER, U.S. Navy, Undersea Warfare Center, San
Diego, California 92140

Objective: To acquire and organize information on un-
derwater acoustic reverberation and on the mechanisms con-
trolling back-scattered sound.

Approach: The approach encompasses studies of all factors
affecting reverberation. These include the sea surface, wind
speed, structure and composition of ocean bottom, scattering
layers, other biological scatterers, etc.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0008, MEASUREMENT AND THEORY OF SCATTERED
UNDERWATER SOUND
L.R. DUYKERS, U.S. Navy, Undersea Warfare Center, San
Diego, California 92140
Objective: To study and explain theoretically the reasons for
reflection losses and other propagation phenomena in the ocean.
Approach: The approach will include both experiment and
theory. Much of the experimental data will be acquired in con-
nection with propagation studies.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0009, OCEANOGRAPHIC
TIONS IN SHALLOW WATER
0.S. LEE, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To determine those environmental factors affect-
ing acoustical uses of the ocean; investigate factors in physical
oceanography which pertain to underwater sound including
physical properties such as thermal structure, water motion; and
chemical properties such as salinity and oxygen.

Approach: By use of the NUWC Oceanographic Tower,
SCUBA, buoys and bottom mounted equipment, and shallow sub-
mersibles: observe, measure, correlate those properties in the sur-
face layers of the sea affecting underwater sound, particularly the
marine physical chemical, biological and geological near-shore
properties. Develop environmental models for visibility, turbidity,
conductivity, tidal and long shore currents, orbital motion, sur-
face and internal waves, gas content and biological populatior,
acoustical and chemical properties, bottom, beach and delta con-
ditions, physical properties of sediments and microtopography;
and instrumentation needed to obtain these models.

SUPPORTED BY U.S. Dept. of Defense - Navy

RESEARCH-INVESTIGA-

1.0010, DEEP OCEAN ACOUSTIC RESEARCH
K.V. MACKENZIE, U.S. Navy, Undersea Warfare Center, San
Diego, California 92140

Objective: To determine those environmental factors affect-
ing the acoustical uses of the ocean. Observe and develop theory
and models for predicting underwater sound propagation using
deep water paths, including near bottom phenomena; conduct un-
derwater acoustic studies by utilizing deep manned submersibies.

Approach: Perform precision measurements on sound speed,
temperature, salinity and pressure to study the in-situ relation-
ships, with particular emphasis on the pressure effects on sound
speed. Temperature structures and sound velocity structures near
the bottom and in the top layers of sediments will be investigated.
Adiabatic compressibility anomalies computed from sound speed
anomalies will be correlated with other measurements, emphasis
will also be given to anomalics near the sea floor, sound speed
micro-structure will be analyzed by turbulence theory with appli-
cation to underwater acoustic scattering and phase amplitude
fluctuations affecting signal processing.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0011, PREDICITION OF SOUND FIELDS BY NORMAL
MODE AND OTHER THEORY
M.A. PEDERSEN, U.S. Navy, Undersea Warfare Center, San
Diego, California 92140
Objective: To predict propagation loss for a variety of
oceanographic conditions in which the water medium itself,
rather than the medium boundaries, is the controlling factor.
Approach: Modern high-speed electronic computers are
used extensively and several basic theories of wave propagation in

non- simple media are applied in the computer programs.
SUPPORTED BY U.S. Dept. of Defense - Navy

1.0012, UNDERWATER ACOUSTIC SIGNAL
COHERENCE

G.0. PICKENS, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To conduct acoustic propagation and coherence
studies.

Approach: Propagation is carefully analyzed for ray theory
multipath conditions and for dominant propagation modes. Ex-
periments are emphasized and are designed to determine the re-
liability of existing acoustic models and means for improving
them.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0013, AMBIENT SEA NOISE
G.M. WENZ, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To determine the sources, mechanism, statistical
properties and other characteristics of ambient noise in the ocean
as a function of temporal and spatial parameters.

Approach: Make continuous, or sustained periodic sampling,
measurements at each of several sites, with as much geographic
coverage as possible, supplemented by measurements using ship-
borne and buoy systems in more remote areas.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0014, MEASUREMENT OF UNDERWATER ACGUSTIC
PROPAGATION
H. WESTFALL, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To check, verify, and determine the anomalics
between predicted propagation and measurements at sea.

Approach: Measurements stress the accurate determination
of sound fields at varying ranges and depths. Measurc of
pronounced variation in acoustic fields due to variation of a par-
ticular propagation factor arc also emphasized so that computing
methods can be improved and compared with data dircctly ap-
plicabie. The general approach is one of verification of predic-
tions leading to subsequent improvement of prediction.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0(8)11(5, ENVIRONMENTAL SUPPORT OF SONAR
DESIGN
R.B. WHEELER, U.S. Navy, Undersca Warfare Center, San
Diego, California 92140
Objective: To obtain qualitative and quantitative data on
acoustic propagation characteristics of various ocean areas.
Approach: Conduct world-wide research cruises utilizing
surface and submerged vehicles to obtain simultanecus acoustic
and oceanographic mcasurements in support of acoustic model
development,

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0016, OCEAN ACOUSTIC ENVIRONMENT
F.N. SPIESS, Univ. of California, Graduate School, San Diego -
La Jolla, California 92038 (N00014-67-A-0109-0009)

This work unit is part of an overall effort to increase the body
of knowledge of the marine acoustic environment.

Reduction of data from at-sea experiments will represent a
significant cffort during the contract year. Reverberation spatial




and spectral measurement analyses will continue and a study of
the ‘clumping’ of scatterers in the deep scattering layers will be
conducted. Previousty obtained ambient noise data will be
analyzed with emphasis on the non-Gaussian general properties of
the noise.

0TXT-ZQON-520044*

Technical Objectives: Short Term. 1. Deterniine the changes
in the sound field which occur in various seasons in one selected
location near Bermuda.

Long Term. 1. Extend the propagation loss measurement
program to at least two other selected areas where considerable
oceanographic differences occur. (This requires equipment
development). 2. Determine the need for extension of reverbera-
tion measurements and pursue this work if it appears necessary.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0017, ARCTIC PLANKTON ECOLOGY
UNKNOWN, Mcgill University, Graduate School, Montreal -
Quebec, Canada

Certain relatively shallow under-ice water layers in the Arc-
tic cxhibit a pronounced seasonal interference to acoustic
propagation.

These studies are especially relevant to the development or
improvement and utilization of underwater acoustic systems.
Population studies aid in the identification of water masses of dif-
fering physical properties which are in themselves important to
acoustic propagation. Organisms whether macroscopic or micro-
scopic but present in large number per unit volume are potential
sources of ambient noise and acoustic scatter. All acoustic appli-
cations require clear identification of causes of acoustic aberra-
tions as well as determination of corrective procedures.

SUPPORTED BY U.S. Dept. of Defense ~ Navy

1.0018, ACOUSTIC IMAGE INVESTIGATION
W.L. KONRAD, Raytheon Company, New London, Connecticut
Perform experimental studies in the MRL tank facility to
determine acoustic image quality and characteristics independent
of an image converter system. This was accomplished by forming
an acoustic image of a known target with a parabolic reflection
and then probing the image plane with a high resolution probe
hydrophone. The amplitude and phase distribution over the
image plane were determined by this technique. The results in-
dicated that the quality of the image formed was in general agree-
ment with the resolution capabilities of the reflector aperture.

SUPPORTED BY Raytheon Company

1.0019, ULTRASONICS
W.L. KONRAD, Raytheon Company, New London, Connecticut
This project investigated the finite amplitude effects in the
mid frequency range (600 KHz). The effects of surface reflection,
harmonic generation and difference frequency generation of
finite amplitude waves were measured. The work was performed
in the MRL tank facility. Additional work was performed at
Seneca Lake, New York using the BQS- 13.
Results pointed out several interesting application possibili-
ties, including surface, ship bottom identification and source level
determination through measurement of harmonic ratios.

SUPPORTED BY Raytheon Company

10026, SOUND TRANSMISSION IN THE SEA
H.W. MARSH, Raytheon Company, New London, Connecticut
(N00014-67-C-0241)

This work deals with sound transmission in the sea. It in-
cludes: the development of theory; design, performance and anal-
ysis of supporting experiments; performance of appropriate sur-
veys related to underwater sound; evaluation of experimental

acoustic techniques and equipments; provision of consultant ser-
vices in the above and related areas.

SUPPORTED BY U.S. Dept. of Defense - Navy
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1.0021, INTERNAL WAVE STUDIES
P.A. BARAKOS, U.S. Navy, Underwater Sound Lab. , New Lon-
don, Connecticut

Objective: To determine those environmental factors affect-
ing acoustical uses of the ocean. To conduct studies of the effects
of in:{erna! waves on the scattering and refraction of underwater
sound.

Approach: Conduct theoretical studies and related scaled
model measurements of the effects of internal waves on acousti-
cal energy by constructing a model tank with scattering and
refractions results with theory. Extend studies to a stationary
sinusoidai interface between two fluids and continue these studies
with a dynamic interface. Develop a program for intermediate
and full scale ocean studies.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0022, BIOLOGICAL OCEANOGRAPHY
A.L. BROOKS, U.S. Navy, Underwater Sound Lab. , New Lon-
don, Connecticut

Objective: To determine those environmental factors affect-
ing accoustical uses of the ocean. To investigate and identify or-
ganisms affecting acoustic reverberation and reflection, and am-
bient noise level. To study the acoustic characteristics and the
spatial and temporal distribution of these organisms to develop a
predictive capability of their migration habits and population den-
sity in areas of the Atlantic Ocean.

Approach: Conduct biological studies of the deep scattering
layer in the North Atlantic. Using DRV’s, these studies are to con-
sist of selective sampling via a biological sampler. Simultaneous
acoustic backscattering studies will be made with available
research instrumentation.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0023, AMBIENT NOISE RESEARCH STUDIES
B. CRON, U.S. Navy, Underwater Sound Lab. , New London,
Connecticut

Objective: Study the spectral, temporal, and spatial distribu-
tion of ambient noise. Develop suitable theoretical models and
conduct necessary experiments to relate ambient noise to oceano-
graphic, geometric and acoustic parameters.

Approach: Develop theory describing surface noise and its
relationship to oceanographic parameters.

Continue experimental studies of ambient noise as a function
of area to develop a general non-area dependent model for am-
bient noise.

Conduct measurements study first and second order noise
characteristics in the deep ocean as a function of depth from near
surface to below the deep sound channel.

Study transient and spectral characteristics of biological
noise.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0024,
STUDIES
B. CRON, U.S. Navy, Underwater Sound Lab. , New London,
Connecticut

Objective: Study the temporal and spatial characteristics of
underwater acoustic signals (time and space coherence and signal
distortion) and relate these paramcters to array gain and design
and to expected and measured performance of various methods
of signal processing.

Approach: Oceanographic studies are conducted in support
of acoustic measurements to physically describe reflecting boun-
daries. Theoretical studies are undertaken to define distortion or
change in waveform and develop criteria to evaluate the experi-
mental results.

SUPPORTED BY U.S. Dept. of Defense - Navy

SIGNAL COHERENCE AND ARRAY DESIGN

1.0025, BOTTOM-REFLECTED SONAR STUDIES
J. GEARY, U.S, Navy, Underwater Sound Lab. , New London,
Connecticut
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Objective: To determine quantitatively and qualitatively the
effects of surface, bottom, and volume backscattering on the
propagation of acoustic energy in the ocean.

Approach: Conduct a series of acoustic measurements at sea,
including system calibration tests, under a variety of environmen-
tal conditions.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0026, PHYSICAL OCEANOGRAPHY
L.C. HUFF, U.S. Navy, Underwater Sound Lab. , New London,
Connecticut

Objective: To determine those environmental factors affect-
ing acoustical uses of the ocean. Observe and develop theory
models for predicting underwater sound propagation using deep
ocean water paths; Predict the effects of variability in properties
of the sca surface, air and sea temperature structure related to
acoustic propagation.

Approach: Using sea surface and environmental m~asuring
systems installed on surface ships and Argus Island, make short
and long term measurements of wave height and direction, wind
velocity and turbulence, air and sea temperature structure in
areas where acoustic studies are being conducted and integrate
these measurements with acoustic programs. Relate all measure-
ments to sound velocity and acoustic propagation and explore
computer techniques.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0027, REVERBERATION RESEARCH STUDIES
R.L. MARTIN, U.S. Navy, Underwater Sound Lab. , New Lon-
don, Connecticut
Objective: Describe the spectral, temporal, and spatial dis-
tribution and coherence of reverberation as a function of frequen-
cy, transmitted signal characteristics and the environment, in-
cluding both the oceanographic and geometric situation.
Approach: Conduct theoretical and at-sea experimental stu-
dies utilizing a variety of surface and deep research vehicles.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0028, ACOUSTIC SCATTERING STUDIES
S. SANTANIELLO, U.S. Navy, Underwater Sound Lab. , New
London, Connecticut

Objective: Investigate scattering loss of acoustic signals upon
reflection from the ocean boundaries as a function of frequency,
grazing angle, signal characteristics and boundary characteristics
and relate these results to prediction models.

Approach: Collect, process and analyze bottom and surface
acoustic reflection data obtained from various geographic areas.
Oceanographic measurements are conducted in support of
acoustic measurements te physically describe the reflecting boun-
daries such that reflection loss may be related to boundary
makeup.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0029, UNDERWATER SOUND PROPAGATION STUDIES
W. THORP, U.S. Navy, Underwater Sound Lab. , New London,
Connecticut

Objective: To study and report on underwater sound
propagation in shallow and deep water as a function of frequency,
environmental conditions and mode of propagation.

Approach: Determine the causes of propagation loss and at-
tempt to resolve differences reported by various investigators. In-
crease the precision of knowledge concerning the attenuation
coefficient. Investigate the temporal stability of shallow water
propagation for improving correlation of shallow water propaga-
tion with environmental factors.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0030, SHALLOW WATER OCEANOGRAPHY
R.G. WILLIAMS, U.S. Navy, Underwater Sound Lab. , New Lon-
don, Connecticut

Objective: To determine those environmental factors affect-
ing acoustical uses of the ocean, To investigate the oceanographic
and meteorological properties of shallow water and continental
shelf areas and the effects of these environmental parameters on
underwater sound.

Approach: The Block Island Fishers Island oceanographic
system will be installed between Block Island and Fishers Island.
Oceanographic data will be obtained and related to acoustic shal-
low water propagation data obtained at the same time. This will
be a continuing program (2-year period) such that long and short
term relationships - acoustic oceanographic - may be obtained.

Additional buoy emplantments and ships surveys are to be
made on the seaward side of Block Island southeastward toward
the cyclonic shear region of the Gulf Stream system. This exten-
sion will provide information on the hydrodynamic forcing func-
tions affecting Block Island Sound as well as internal waves and
turbulence of the Continental Shelf.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0031, PHYSICAL ACOUSTICS AND THE PROPERTIES
OF MATTER
M. GREENSPAN, U.S. Dept. of Commerce, Natl. Burcau of
Standards, Washington, District of Columbia

Study of properties of matter by physical-acoustic
techniques. (1) Acoustic cavitation. What variables are decisive
and how those of nuclei interact with those intrinsic to liquid?
What are natural nuclei and how are they stabilized? (2) Obtain
accurate values for speed of sound in water as function of tem-
perature and produce standard for calibration of velocimeters.
(3) Possible anomalies in thermodynamic behavior of single
crystal ice at low temperatures. Obtain most needed data, i.c.
complete set of elastic constants. Relevance: properties of well-
characterized substances and production of calibration standards.

(1) Remove naturally occuring nuclei, which arc variable,
and substitute reproducible ones using ionizing radiation. Devise
techniques for absolute measurement of sound at ‘threshold* and
study as function of nucleus (neutron-recoil, alpha-recoil, fission)
and liquid properties and temperature. (2) Develop instrument
based on radiation theory; operating principle as different as
possible from existing types. Similar to conventional interferome-
ter, but with progressive waves (simulated by long pulse) and with
small baffled transducers for which far-field paraxial theory ap-
plies. (3) Elastic constants by refined pulse technique, modified
for ice; L-waves and polarized S-waves, ice point to He tempera-
tures.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

1.0032, RELIABLE ACOUSTIC PATH
C.L. BUCHANAN, U.S. Navy, Rescarch Laboratory, Washington,
District of Columbia

Technical Objectives: Short Term. 1. Determine the changes
in the sound ficld which occur in various seasons in one selected
location near Bermuda. 2. Determine the characteristics of the
‘Deep Focus’ region in a selected location near Bermuda at the
first and second zones during ‘winter* conditions.

Long Term. 1. Extend the propagation loss measurement
program to at least two other selected arcas where considerable
oceanographic differences occur. (This requires equipment
development). 2. Extend the study of the deep focusing region to
different areas. 3. Determine the need for extension of reverbera-
tion measurements and pursue this work if it appears necessary.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0033, PREDICTIVE OCEAN ACOUSTICS
J. CYBULSKI, U.S. Navy, Research Laboratory, Washington, Dis-
trict of Columbia

Technical Objectives: The objective is to process and report
all experimental data on mean horzontal speed of sound obtained
in various ocean areas.

Approach: Determine by means of a theoretical and experi-
mental program the effects of realistic variations in velocity
profile, and other oceanographic parameters upon underwater
acoustics, using values representative of ocean areas.
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SUPPORTED BY U.S. Dept. of Defense - Navy

1.0034, PREDICTIVE OCEAN ACOUSTICS
J. CYBULSKI, U.S. Navy, Research Laboratory, Washington, Dis-
trict of Columbin

Objectiva: Develop techniques for predicting acoustic
characteristics of ocean areas.

Approach: Conduct experiments to provide acoustic
propagation data under known environmental and geometric con-
ditions.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0035, SHALLOW WATER PROPAGATION
J. CYBULSKI, U S, Navy, Research Laboratory, Washington, Dis-
trict of Columbia

The objective is to increase the understanding and interrela-
tion of acoustic and oceanographic parameters in shallow water
propagation.

Approach: Undertake a program directed at understanding
the fundamentals of shallow water propagation for the purpose of
relating reverberation signal level and coherence to the environ-
ment, and to develop a mathematical model which will represent
shallow water propagation.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0036, ULTRASONICS
V.A. DELGROSSO, U.S. Navy, Research Laboratory, Washing-
ton, District of Columbia

Objective: 1. To describe acoustic propagation within liquid
cylinders with realistic boundary conditions. 2. To continue
development of acoustic relaxation theory for pressure sensitive
chemically active media such as sea water. 3. To prepare defini-
tive tables of sound speed and absorption for pertinent physical
and chemical parameters.

Approaches: Formulate more definitive theory of laboratory
acoustic propagation parameter measurements, Design and con-
struct advanced acoustic cells as guided by newly developed
theory. Improve all ancillary equipment to degree justified by
theoretical predictions. Evaluate different techniques and
schemes of measurement. Obtain experimental confirmation of
theoretical behavior including aberrations. Prepare definitive ta-
bles of sound speed and absorption from measurements,

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0037, GLOBAL VOLUME REVERBERATION LIMITA-
TION STUDZES

G.B. FARQUHAR, U S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

Objective: Establish global environmental time-space models
and methods for delineating biological reverberation provinces,
by relating distributions and types of biological sound scatterers
to observed volume reverberation. Special emphasis is placed on
providing models and techniques for improving existing predic-
tion methods. ‘

Approach: Conduct coincident acoustic and biological mea-
surements to determine relationships between biological scatter-
ing and the distribution of midwater scatterers. Collected biologi-
cal samples will be used to identify and determine the distribution
of scatterers, and for swimbladder physiology studies. Detailed
experiments will be conducted in the North Atlantic using newly
developed airborne and shipboard techniques to det¢rmine
seasonal, diurnal, depth and geographic variations of volume
reverberation.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0038, UNDERWATER ACOUSTIC ANALYSIS
R.H. FERRIS, U.S. Navy, Research Laboratory, Washington, Dis-
trict of Columbia
The objectives are to: 1. Predict effect of oceanographic
arameters on the characteristic of the acoustic signal, and 2.
Develop requirements for signal design and signal processing to
improve propagation.

1. PROPERTIES OF WATER

Approaches: Conduct an extensive search, study, and analy-
sis of all published results and conduct a thoreugh theoretical and
experimental program to determine the relationship of signal
characteristics to the ocean environment.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0039, ENVIRONMENTAL REVERBERATION STUDIES
AJ. HILLER, U.S, Navy, Research Laboratory, Washington, Dis-
trict of Columbia

Objective: To determine those environmental factors affect-
ing acoustical uses of the ocean. To study tae relation between
particulate and microbubble distribution in the sea and acoustic
volume scattering strengths in order to better understand the na-
ture and cause of volume reverberation.

Approach: Obtain particle, bubble, optical and acoustic
profiles at sea utilizing an in-situ particle analyzer and an in-situ
microbubble analyzer. Relate data obtained to scattering theory
and temperature, salinity and sound velocity. Analyze PARTICU-
LATES using an electron microscope. Using a tank, conduct ex-
periments to determine scattering strength and absorption of
mater containing known particulates and controlled microbub-

es.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0040, SOUND SCATTERING IN THE OCEAM
B.G. HURDLE, U.S. Navy, Research Laboratory, Washington,
District of Columbia

Objective: Describe in mathematical terms the scattering of
acoustic energy from the ocean bottom, volume and surface.

SUPPORTED BY U.S. Dept. of Defense - Mavy

1.0041, BIOLOGICAL FALSE TARGETS AND RELATED
ACOUSTIC CHARACTERISTICS
R.H. LOVE, U.S. Navy, Oceanographic Office, Washington, Dis-
trict of Columbia

OBIJECTIVE: In conjunction with the De{)artment of the In-
terior, develop techniques for improving biological false target
and fish detection, classification and prediction methods, and
techniques of applying such predictions on a global basis in con-
junction with Navy environmental prediction systems. In ac-
cordance with the Memorandum of Agreement between the De-
partment of the Navy and the Department of the Interior, primary
emphasis is placed on cooperation with the Department of the In-
terior and utilization of joint Navy-Interior capabilities in support
of national goals.

APPROACH: In collaboration with the Department of the
Interior, conduct investigations to determine the acoustic proper-
ties of marine organisms in order to identify potential biological

false targets. Experiments will be conducted to determine target

strengths and echo signatures of individual organisms and fish
schools. Joint experiments will be conducted with the Bureau of
Commercial Fisheries to detect, localize and classify marine or-
ganisms.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0042, SHALLOW WATER ACOUSTIC STUDIES
A.T. MCCLINTON, U.S. Navy, Research Laboratory, Washing-
ton, District of Columbia

Objective: Te provide fundamental information necessari' to
develop accurate acoustic prediction models for use in shallow
water areas.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0043, MICROACOUSTICS
W.G. NEUBAUER, U.S. Navy, Research Laboratory, Washing-
ton, District of Columbia

Objective: 1. Increase the knowledge of the mechanisms of
acoustic reflection and diffraction. 2. To develop the capability of
experimental determination of reflection from bodies not possible
by analytical means. 3. Establish realistic scaled thermal gradients
in a water tank to determine their effect on echo characteristics.
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Approach: The reflection in water from less complicated
bodies, (spheres, cylinders, spheriods) have been experimentally
measured by several investigators seldom very extensively or in
correspondence with a reliable theory. A group at DRL at the
University of Texas Lave measured such refiection in a lake.
Qualitative agreement with theory is available for some cases and
quantitative agreement is within a factor of two or three in the
best cases. Acoustic reflected and scattered fields must be mea-
sured with much more precision than heretofore and a correspon-
dence with complete theory must be achieved for a limited
number of specific cases sufficient to establish an experimental
method with confidence.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0044, ACOUSTIC PROPAGATION STUDIES
L.C. RICALZONE, U.S. Navy, Research Laboratory, Washing-
ton, District of Columbia

Qbjective: Develop theory, design and develop oceano-
graphic instrumentation, and conduct field experiments in sup-
port of acoustic propagation studies.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0045, ADVANCED TECHNOLOGY AND BOTTOM PRE-
DICTIONS
R.S. WINOKUR, U.S. Navy, Oceanographic Office, Washington,
District of Columbia

Objective: Develop new and improve existing bottom
acoustic data collection and analysis methods for improving
NAVOCEANO’s survey programs. Develop global bottom
acoustic models and techniques for predicting the behavior of
bottom influenced sound propagation to iraprove existing predic-
tion methods for use by NRV EANO operational programs.

SUPPCRTED BY U.S. Dept. of Defense - Navy

1.0046, CIRCULATION STUDIES
S. BROIDA, Univ. of Miami, Graduate School, Miami - Coral Ga-
bles, Florida 33124 (NONR)

Objective: This effort is to improve our ability to predict en-
vironmental conditions influencing the operations of naval forces
and the effective use of systems and equipment, especially those
conditions affecting underwater sound.

Approach: Changes in the oceanographic conditions ob-
served across the Florida Current are being correlated with simul-
taneously observed variations in #++ustic transmissions across the
current. The amplitude and phase fluctuations observed in low
frequency (420G Hertz) acous:ic wugnals transmitted across the
Straits of Florida are being relziud to time series of temperature,
salinity and current velocity obtained along the transmission path.
The influence of tides upon th# current velocity structure and
acoustic propagation conditions is being investigated. A two-
week series of continuous oceanographic observations will be
made to correlate tides and variations in the water masses of the
Florida Current.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0047, BEHAVIOR AND SONIC ACTIVITY OF FISHES
A. MYRBERG, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124 (N00014-67-A-0201-0004 )

Objective: The identification and prediction of the animal
. forms involved in the problem of biologically generated un-
derwater sound is assuming increased importance. The design of
this work unit, centering on the use of the unique Bimini
Acoustic-Video System, is permitting direct and unequivocal ob-
servation of sound producers during a variety of activity patterns.

Approach: Utilizing the capability of the Acoustic-Video
System located at the Lerner Marine Laboratory, Bimini,
Bahamas, a correlation of the behavior and bioacoustic activity of
‘the bicolored damselfish, Eupomacentrus partitus, will be made
with the operant environmental factors. Taped video and acoustic
recordings of behavior will be analyzed and physical data on tur-
bidity, light level, current speed and direction, and temperature
will be integrated to reveal causal relationships. Acoustic

piayback experiments, using sounds of this and other sonic fishes
will be completed, both in the field and in controlled laboratory

conditions, as to behavioral reactions of the fish to fhe sound pat-
terns.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0048, AMBIENT SEA NOISE INVESTIGATION
J.C. STEINBERG, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124

Objective: To determine thos eenvironmental factors affect-
ing undersea uses of the ocean. Make time series measurements
of ambinent noise level reiated to concurrent wind/wave mea-
surements.

Approach: Using an IBM 7040-1401 computer and applying
time series techniques and standard statistical treatments to data
obtained off Bimini, Bahamas during the period 10 Sept 66 to
May 67, determine relationships between ambient noise levels
and environmental parameters to develop a math model in which
a frequency dependent linear system of multiple inputs consisting
of environmentai parameters may be expected to determine a sin-
gle output which would be ambient noise. Very narrow band
noise measurements will be obtained. Real time analyses of the
amplitude and phase characteristics of this narrow band noise will
be performed. The distribution of pressure fluctuations of 1/3 oc-
tave band noise at selected frequencies during different environ-
mental, bio-acoustical and shipping conditions will also be deter-
mined. LINC-8 data processors will be used for the high speed
analogue-digital sampling and computation of this data.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0049, ACOUSTIC-VIDEO SYSTEM FOR AQUATIC
BIOACOUSTICAL AND ETHOLOGICAL RESEARCH

J.C. STEINBERG, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124 (NONR)

Objective: The exigencies of Naval marine technology
require that more detailed information be made available on
biologically produced undeiwater sound. The Acoustic-Video
System designed by Dr. Steinberg is providing direct and
unequivocal observation and recording of sound producers in
their natural environment.

Approach: The investigator and his staff will continue to
operate, maintain, and modify, as requested by the biologists, the
Acoustic Video System located in 20 meters of water off the NW
Coast of Bimini in the Bahamas. This array will be used to permit
bioacoustic behavioral studies on sonic animals in the field. Dr.
Steinberg’s team will continue to work closely with the biologists
and expand the interdisciplinary approach to marine bioacousti-
cal problems.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0050, SHALLOW-WATER ACOUSTICS
M. WEINSTEIN, Underwater Systems Inc. , Silver Spring -
Wheaton, Maryland 20910 (N00014-67-C-0480)

Review all literature pertinent to shallow-water acoustic
transmission. Extract, collate, summarize, and annotate theoreti-
cal and expe;imental data. Visit facilities engaged in shallow-
water acoustic studies to obtain unpublished information. Collate
new material with original summary acoustic data (SAD) Report
(1956) and issue revised and updated publication.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0051, SONAR ACCURACY
A.T. JAQUES, U.S. Navy, Ordnance Laboratory, Silver Spring -
White Oak, Maryland

To determine sonar bearing and ranging errors at iong
ranges.

Make acoustic propagation measuzements with a stable
research platform (SPAR).

SUPPORTED BY U.S. Dept. of Defense - Navy
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1.0052, OCEANOGRAPHIC RESEARCH
UNKNOWN, U.S. Navy, Ordnance Laboratory, Silver Spring -
White Oak, Maryland

To study the effect of ocean dynamics on the behavior of
submerged moored bodies. To investigate the effect of shallow
water and coast proximity on acoustic transmission properties, To
develop the necessary instrumentation to carry out the above stu-
dies.

Measurs the current and the motion of a submerged body at
selected locations. Determine how the two phenomena are re-
lated. Measure acoustic signals at selected coastal sites. Deter-
mine how the original signal is modified and identify the oceano-
graphic parameters which contributed to the modification.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0053, ACOUSTIC AMBIENT NOiIiSE

M. ARSOVE, Raytheon Company, Waltham, Massachusetts
Design, construction and operation of instrumentation to

collect data relevant to determining the characteristic power

spectra, amplitude distributions, directional properties, and rela-

tionship to ambient noise at depth of the near-surface acoustic

ambient noise.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0054, BIOLOGICAL ASPECTS OF MIBW. TER SOUND
SCATTERING
R.H. BACKUS, Woods Hole Oceanographic Inst, , Woods Hole,
Massachusetts 02543

The long term goal is to understand the geographic distribu-
tion of mesopelagic fishes in the North Atlantic Ocean and ad-
jacent seas. The investigations will include charting of the dis-
tribution of mesopelagic fishes by species in order to show prin-
cipal distribution patterns, and to point to physical bases for the
apparent patterns. Midwater trawl collections are to be accom-
panied with sound scattering observations in efforts to correlate
echo soundings with possible causative organisms. With the
deelopment of adequate gea:, attempts will be made to deter-
mine the relation of patterns of sound scattering to vertical dis-
tribution of mesopelagic fishes. Such collections would be accom-
panied by continuous echo soundings and by broad-band sound
scattering observations. Refinement of such gear as midwater
sampler, pneuston nets, and echo sounders are to be continued.
Further observations are to be made on microbioluminescence
both in the sea and in Eel Pond at Woods Hole in order to un-
derstand something of tlie seasonal fluctuations in biolu-
minescence. Underway observations at sea will be made for stu-
dying geographic variations in such activity. Finally, dives are to
be mad: in a deep-going submarine for the purpose of making
direct observations of sound scatterers in deep scattering layers
using echo-ranging and sounding gear.

SUPPORTED BY U.S. National Science Foundation

1.0055, EASTERN ATLANTIC AND MEDITERRANEAN
OCEANOGRAPHY

E.E. HAYS, Woods Hole Oceanographic Inst. , Woods Hole, Mas-
sachusetts 02543 (NOG014-66-C0241)

The purpose of this task is to support Woods Hole research
scientists to participate with the UK scientists in a cooperative
study of underwater sound experiments in the Eastern Atlantic
and the Mediterranean Sea. Bathymetric and sound velocity and
noise measurements will be included. The task will also provide
for analysis and interpretation of data.

This is part of a coordinated program to determine the
oceanographic and acoustic structure of the Mediterranean. The
WHOI scientists aboard the R/V CHAIN will participate in a joint
cruise with a UK vessel.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.005¢, WOODS HOLE ENVIRONMENTAL STUDIES IN
PHYSICAL OCEANOGRAPHY

E.E. HAYS, Woods Hole Oceanographic Inst. , Woods Hole, Mas-
sachusetts 02543 (NONR)

1. PROPERTIES OF WATER

Objective: Improved understanding of the oceanographic
factors that affect acoustic systems (both current operations and
for future designs. To relate the properties of the oceanic environ-
ment to specific modes of acoustic transmission,

Approach: Obtain sound velocity profiles in terms directly
related to specific acoustic experiments, and as a general oceano-
graphic tool. Develop an on-line sound velocity profiling system
using the shipboard computer. Use a STD (Salinity-Temperature-
Depth) system to study oceanic fronts and gain information on
the possible structure and movement of the water.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0057, 'WOODS HOLE ENVIRONMENTAL STUDIES
OCEANIC ACOUSTICS

E.E. HAYS, Woods Hole Oceanographic Inst. , Woods Hole, Mas-
sachusetts 02543 (MONR)

OBJECTIVE: Imnroved understanding of sound transmission
and scattering in the ocean with a view toward providing equip-
ment designers a description of opportunities and limitations they
can use to define the cnvironmental component of their systems.

APPROACH: Complete analysis of sound transmission path
data obtained in the Baitic in FY 1967 to determine the extent
that it can serve as a model for the deep oceans. Conduct trans-
mission experiments in the Northwest Atlantic, over ridges and
down slopes to show bottom effects. Make field measurements of
volume reverberation, identify sources of sound scatterers and
identify the mechanisms which cause volume reverberation. In-
clude in these measurements the interaction effects caused by fish
swim bladders and fish schooling habits.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0058, ACOUSTICS PHYSICS
W. HARDY, Hudson Laboratories Inc. , Dobbs Ferry, New York
(NONR)

Conduct studies of underwater acoustic transmission to pro-
vide the Navy with scientific and technical knowledge of un-
derwater sound and related disciplines.

SUPPORTED BY U.S. Dept. ot Nefense - Navy

1.0059, THE PROPAGATION OF ACOUSTIC WAVES IN
THE STRATIFID ATMOSPHERES

W.L. DONN, Columbia University, Graduate School, New York,
New York 10027

Technical Objective: Propagation parameters of pressure
perturbation, vertical and horizontal motion, and kinetic energy
along the vertical have been developed for gravity and acoustic
gravity waves of long period (of the order of minutes). This study
will be extended to pure acoustic waves of much shorter period (1
to 10 seconds).

Approach: The program consists of two aspects- (1)
Theoretical analysis of acoustic wave propagation involving the
application of the wave equations to the real atmosphere con-
sidered as being stratified in terms of both temperature and wind.
(2) An experimental analysis of spectral characteristics of
acoustic waves recorded by microphones.

SUPPORTED BY U.S. Dept. of Defense - Army

1.0060, BIOLOGIC SOUND SCATTERING
AW. BE, Columbia University, Graduate School, Palisades, New
York 10964 (N00014-67-A0108-0004)

This program is directed at measuring total volume rever-
beration levels in the ocean and correlating them with the plank-
ton-nekton standing crop. The newly initiated and specialized
biological sampling program will be continued along with the con-
current acoustic measurements under ccntrolled conditions using
broad band and discrete sound sources, Correlation of biomass
data and PDR records from past cruises will continue.

Volume reverberation is thought to result in part from sound
scattering by biological organisms and varies in intensity with
depth, geographic locality, time of day, time of year, and scund
frequency. The information on such variations and their interrela-
tionships which will be provided by this program, should con-
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siderably improve the Navy’s ability to predict acoustic condi-
tions as a function of time of day, time of year, and geographic lo-
cation,

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0061, OCEAN SOUND TRANSMISSION
EWING, Columbia University, Graduate School, Palisades, New
York 10964 (NONR)

A broad program of applied research is conducted on sound
transmission in the ocean, and on phenomena controlling it.

SUPPORTED BY U.5. Dept. of Defense - Navy

1.0062,
CHARTS
W.M. EWING, Columbia University, Graduate School, Palisades,
New York 10964

Objective: To determine those environmental factors affect-
ing acoustical uses of the ocean. To investigate and characterize
the properties of the ocean bottom and sub-bottom including
acoustic properties and to delineate physiographic provinces of
the ocean bottom.

Approach: Extrapolate and interpolate the oceanographic
and acoustic properties of known to unknown bottom areas and
categorize areas into similar acoustical provinces. Observe and
develop theory and models for predicting underwater sound
propagation using deep ocean water paths including near bottom
phenomena. Delineate and chart oceanic provinces on the basis
of topography, sediment type, roughness, etc. and the accom-
panying acoustic properties of the bottom and the sub-bottom.
Refine these charts on the basis of reflectivity measurements and
bottom and sub-bottom profile records.

SUPPORTED BY U.S. Dept. of Defense - Navy

RESEARCH IN OCEANOGRAPHIC SPECIAL

1.0063, RESEARCH IN REGIONAL TOPOGRAPHIC
ANALYSIS

W.M. EWING, Columbia University, Graduate School, Palisades,
New York 10964

Objective: To determine those environmental factors affect-
ing uses of the ocean. Extrapolate and interpolate the oceano-
graphic_properties of known to unknown bottom areas and
categorize strategic areas into sirilar provinces.

Approach: Study the statistical properties of the bottom
topography including both slope and roughness and relate these
properties to the physiographic province in the oceans. Develop
suitable data presentation methods and analyses.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0064, BIOLOGICAL SOUND
M.P. FISH, Univ. of Rhode lsland, Graduate School, Kingston,
Rhiode Island 02881 (NONR)

The investigator, who has frequently been asked by the Navy
to provide identifications, measurements, and analysis of biologi-
cal sources of underwater sound along United States coasts and
territorial waters, has established a series of stations at faunally
strategic points making possible the collection of continual, in-
tegrated simultaneous information on seasonal, diurnal, and verti-
cal distribution of biological ambient sounds and the occurrence,
distribution, and significance of these sounds. Monitoring-record-
ing equipment has been supplied to each station for use under the
cognizance of a senior scientist. The planned study area covers
the geographical range of the most noisy contributors to the
general background.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0065, SHALLOW WATER ACOUSTIC PROPAGATION
STUDIES (SWAPS)
K.T. CROCKER, U.S. Navy, Underwater Weap. Res. & Eng, ,
Newport, Rhode Island 02844

Technical Objective: Investigate some of the characteristics
of sound propagation in shallow water and to relate these obser-
vations to the oceanographic environment.

Approach: Investigation will be conducted on the fluctua-
tions of the level and relative phase of an acoustic signal
propagated over a fixed range in shallow water and the regulation
of the fluctuations to such oceanographic parameters as tide
height, sound speed distribution, thermal microstructure, turbu-
lent motion, and sea state. Upon selection of suitable sites, a
detailed study of the bottom topography, the subbottom layering,
and their acoustic properties will be undertaken. An indication of
the acoustice field expected will be obtained from the geometry
of the range, the properties of the bottom, and rcpresentative
velocity profiles, using ray or normal mode techniques.

SUPPORTED BY L.3. Dept. of Defense - Navy

1.0066, EFFECTS OF THERMAL MICROSTRUCTURE ON
ACOUSTIC TELEMETRY
D. BUGNOLO, Raytheon Company, Portsmouth, Rhode Island
Acoustic telemetry channels in the ocean environment will
be affected by the relative motion of source and receiver and by
the stochastic character of the medium. This study considers the
effect of thermal microstructure on the phase and amplitude of an
acoustic signal transmitted over the surface to bottom path, as in
the case of a surface vessel to bottom mounted buoy. The phase
and amplitude variations are related to the spectrum of the sound
velocity variations. These are in turn related to the therinal
microstructure and currents in the medium. Examples are evalu-
ated using a Kolmogoroff spectrum for the temperature varia-
tions, based on physical constraints. Further experimental effort
including simultaneous oceanographic and acoustic measure-
ments is required to verify the theoretical predictions.

SUPPORTED BY Raytheon Company

1.0067, BI-STATIC ECHC RANGING

E.L. DANIELS, Raytheon Company, Portsmouth, Rhode Island
Objective: To improve bi-static ranging techniques,
Approach: Collect bi-static echo ranging and reverberation

data at sea in various propagation modes over a wide range of

geometries.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0068, DEVELOPMENT OF ANALYSIS TECHNIQUES
FOR CLASSIFYING TRANSIENT HYDROACOUSTIC
SIGNALS

R. PLUTCHOK, Teledyne Incorporated, Garland, Texas

One part of a continuing effort to develop an operational
system for classifying transient hydroacoustic signals was a study
to define analytical methods for signal identification. To this end,
signal analysis procedures were developed which were based both
on in-house research and on the findings of other investigators in
this and in related fields.

These investigations were conducted by Earth Sciences, A
Teledyne Company, at 314 Montgomery Street, Alexandria, Vir-
ginia.

SUPPORTED BY No Formal Support Reported

1.0069, ACOUSTIC SCATTERING
R.S. HAYRE, Univ. of Houston, Graduate School, Houston, Texas
77004 (NONR)

This task deals with the development and evaluation of
models for scattering at the ocean surface and in its volume taking
account of the effects of waves and entrained bubbles. Both
analytic studies and model experiments in a tank will be per-
formed and the results of these studies will be compared with sea
data obtained by the University of Miami. It also includes the
analysis of reflectivity data.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0070, DEVELOPMENT OF ANALYSIS TECHNIQUES

AND EQUIPMENT FOR CLASSIFICATION OF TRANSIENT
HYDROACOQUSTIC SIGNALS
J.N. GRIFFIN, Teledyne Incorporated, Alexandria, Virginia
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This project was undertaken to assemble an on-line
hydroacoustic signal processing system implementirig the findings
of earlier rescarch in methods for classifying transient signals, and
to continue the development of robust methods for signal classifi-
cation and identification.

SUPPORTED BY No Formal Support Reported

1.0071, HONEYWELL ACOUSTIC RESEARCH PRO-
GRAM
P. MOOSE, Honeywell Incorporated, Seattle, Washington

The Honeywell Acoustic Research Program is an applied
research project on the physics of acoustic reverberation in the
sea. Reverberation, or clutter as it is called in radar, is a noise-like
signal present to some degre= in all active sonar sets. It is the su-
perposition of many small echoes reflected or scattered from in-
homogenities in the medium and from the boundaries; but it ex-
cludes signal returns which have interacted with the target.
(Those signals excluded are called the direct echo and attendant
multi-path structure of the target.)

In order to accomplish target detection, estimation and/or
classification problems with sonar, we need to establish certain
statistical parameters of the reverberating structure. The first
phase of the Honeywell Acoustic Research Program concentrated
on theoretical models and formulations and upon preparation of
special purpose instrumentation. The second phase, which is in
progress, is to gather and process large amounis of data required
in furthering this research,

Reverberation measurements will play an increasingly impor-
tant role in oceanography and will help advance the state-of-the-
art in marine physics and sonar.

SUPPORTED BY Honeywell Incorporated
1B. CHEMICAL PROPERTIES

1.0072, CHEMICAL OCEANOGRAPHY
D.W. HOOD, Univ. of Alaska, Inst. of Marine Sciences, College,
Alaska 99735

Arctic water masses will be characterized by detailed
analyses of inorganic and organic components. These, with
selected organic and trace metal analyses, and determination of
ionic gradients beneath sea ice, will provide basic data for the un-
derstanding of water movement and mixing, and provide insight
into biogeochemical processes. Certain organic compounds will
be used as specific tracers to provide quantitative data on water
source and time-averaged currents. Large samples of dissolved
organic material uniquely obtainable due to the slow drift of T-3
will be dated by 14C and time-averaged currents will be calcu-
lated from knowledge of the age distribution of the tracer. Ter-
restrial and marine sources of water wiil be determined by study
of 13C/12C rating of organic matter. Emphasis will be placed
upon processes and mechanisms of cycling of organic carbon.

These studies contribute to basic knowledge of chemistry of
marine waters. The physico-chemical structure of sea water has
an important bearing upon all of man’s uses of the sea. Processes
of basic reactions and chemical cycling of the sea, especially or-
ganic carbon cycling, are of greatest relevance and the un-
derstanding of these for each of the layered water masses provide
relevant data on the dynamic processes of water movement and
mixing and the interchange of mass and energy with the other
oceans.

SUPPORTED BY U.S. Dept. of Defense - Navy

10073, MARINE INTERFACE CHEMISTRY
D.W. HOOD, Univ. of Alaska, Inst. of Marine Sciences, College,
Alaska 99735 (NONR)

The objectives of this task are to understand the processes
respensible for observed concentrations and gradients at the air-
sea interface, and to determine if detectable gradients exist at
other marine interfaces such as fresh-salt water, and between dif-
ferent water masses. The sampling at the air-sea interface will be
accomplished using a screen, and the gradients in the first meter
by use of a special float-supported tube with intakes at closely

1. PROPERTIES OF WATER

spaced intervals. Chemical measurements will include plant
nutrients, dissolved and particulate organic matter, lipids and a
number of inorganic ions.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0074, GEOCHEMISTRY OF SAN FRANCISCO BAY
J.R. KRAMER, U.S. Dept. of Interior, Water Resources Division,
Menlo Park, California

Purpose: To determine abundance, distribution, and clay
mineralogy of suspended sediments in San Francisco Bay and
their influence on the overall quality of bay waters.

Methods: Study of the composition of selected geochemical
constituents with depth in sediment in relation to source. Plot dis-
tribution and occurrence of trace minerals in bay sediment and
waters,

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

1.0075, ORGANIC GEOCHEMISTRY OF SAN FRAN-
CISCO BAY WATERS AND SEDIMENTS

D.H. PETERSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Menlo Park, California

Purpose: To increase our limited knowledge of the factors
which control the abundance, distribution, and composition of or-
ganic matter in coastal waters and sediment.

Methods: 1) Determine the relative abundance, distribution
and clay mineralogy of suspended sediment in San Francisco Bay
waters in relation to source and waters, such as the distribution of
saline water. 2) Survey the abundance and distribution of organic
carbon in San Francisco Bay waters and sediment in relation to
season, source and differences in depositional environment such
as the distribution of NO3 and oxygen dissolved in the waters. 3)
Study the distribution of specific trace elements in relation to the
distribution of organic matter. 4) Survey the distribution of pesti-
cides in sediment in relation to depositional environment and
depth in sediment. 5) Study abundance and composition of or-
ganic matter thought to be of prime importance in the engineer-
ing properties of sediment. 6) Study the composition of selected
gecchemical constituents with depth in sediment in relation to
source and subsequent aitera’ion of organic matter.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

1.0076, SEA WATER CHEMISTRY
T.J. CHOW, Univ. of California, Scripps Inst. of Oceanography,
San Diego - La Jolla, California 92038 (NONR)

Techniques for separating and identifying trace materials in
sea water, snow, and atmospheric acrosols will be developed and
applied to the determination of the distribution of rare earths, in-
dium, molybdenum, potassium, and calcium. Mass spectrometry
will be applied to the detection of small amounts of lead and to
determination of isotope ratios for identification of the origins of
these lead traces.

Knowledge of the natural and industrial background values
for concentration of lead in sea and atmosphere is important in
establishing levels above which possible higher concentrations
may exist. The present main sourres of industrial lead are
probably insecticides and motor exhausts.

SUPPORTED BY U.S. Dept. of Defensc - Navy

1.0077, LIGHT ISOTOPE STUDIES
H. CRAIG, Univ. of California, Scripps Inst. of Oceanography,
San Diego - La Jolla, California 92038 (NONR)

A study of fractionation of hydrogen isotopes {deuterium)
and oxygen isotopes in sea waters, sea ice, and atmospheric
precipitation will continue and will be interpreted in terms of mix-
ing rates and kinetics of evaporation and gas exchange at inter-
faces. The recent discovery that the oxygen in sulfate and in sea
water exchanges very slowly with oxygen in water molecules will
be exploited as a means of investigating past oceanic tempera-
tures, residence times of sulfate in the sea, and the kinetics of the
sulfate-sulfide reactions in sediments and stagnant basins.
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The slow and complex nature of mixing processes in the deep
ocean makes it mandatory that all possible parameters be in-
vestigated for their contribution to the cverall understanding of
oceanic circulation. The study of isotopic variations provides an
important addition to the chemical and physical methods of ex-
amining large-scale ocean mixing processes.

SUPPORTED BY U.S. Dept, of Defense - Navy

1.0078, EFFECT OF PRESSURE ON CONDUCTIVITY OF
SOLUTIONS
F.H. FISHER, Univ, of California, Graduate School, San Diego -
La Jolla, California 92038

The physical chemistry of electrolytes such as magnesium
sulfate and its effect on the conductivity and acoustical properties
of sea water has been the subject of recent dispute. Minute
amounts of salts such as magnesium sulfate in sea water produce a
sound absorption of thirty times that exhibited in fresh water. Not
only is this of fundamental interest to the physical chemist cen-
cerned with reaction kinetics but it is of primary concern fo the
oceanographer who must interpret conductivity versus pressure
data. The problem of the complex relationship between conduc-
tivity, temperature, pressure and specific salt content of sea water
has been intensified by the introduction of conductivity meters to
determine ‘salinity’ which in turn is converted by an arbitrary
refationship to density.

The principal Investigator will make precise measurements
on the electrical conductivity of sulfate aqueous solutions s a
function of temperature and pressure using data on dielectric
constants, viscosity and density. The addition of pressure to the
systems should give more realistic values on the shifts in conduc.
tivity and acoustic properties of sea water.

SUPPORTED BY U.S. National Science Foundation

1.0079, EFFECT OF PRESSURE ON CONDUCTIVITY OF
SOLUTIONS
F.H. FISHER, Univ. of California, Graduate School, San Diego -
Le Jolla, California 92038

Plans are for continuation of the study of the effect of pres-
sure on conductivity of electrolyte solutions, in particular 2-2
sulfates, started under NSF Grant GP-4748. The 2-2 sulfate elec-
trolytes exhibit unusual acoustic absorption properties which
have been investigated at atmospheric pressure by ultrasonic
relaxation spectroscopy techniques, Wide variations in acoustic
P -perties related specifically to the cation have been discovered
which contrast with the great similarities in such properties as ac-
tivity coefficients and equilibrium constants. The physical
chemistry of these salts is difficult and a subject of dispute.
Recent work has led to the concept of a four-suate dissocjation
model which is used to account quantitatively for the unusual
acoustic absorption in these solutions in te-ms of simultaneous
pressure-dependent chemicai reactions.

SUPPORTED BY U.S. National Science Foundation

1.0080, STUDY OF THE DISTRIBUTION OF
RADIONUCLIDES IN THE OCEAN DETAILED EXPLORA-
TION OF C5137 IN THE QCEAN

T.R. FOLSOM, Univ. of California, Graduate School, San Diego -
LaJolla, California 92038 (AT(11-1)34,PROJECTO71 )

1967 Objective: Collecting detailed distribution of fallout
especially in upper layers of the N. Pacific to indi zate mixing and
circulation rates and the behavior of elemental cesium in the
ocean.

Background: Several years work has culminated in a success-
ful means for rapidly surveying Cs137 in the ocean by concentrat-
ing in situ on absorbers at any depth.

Procedure: Cartridges of ferrocyanide granules are exposed
at sea, then analyzed for Cs137 and Csi33. Environmental cesi-
um is monitored and used to give the yield.

Results: Pacific surface Cs137 concentrations vary with
latitude similar to predictions from soils; they vary longitudinally
consistent with reported ocean circulation, indicating very slow
downward mixing. Several surface minima suggest upwelling in

mid-ocean, also persistent high concentrations in thin laiminae
below the mixed layer suggest a mixing is so slow as to be
described by a mixing constant of the order of 0,00] cm.2/sec,

1967 Proposal: 1. Intercepting a concentration front believed
advancing south of Hawaii to further determine transport and dif-
fusion rates, 2. Detailed cesium section of ‘N. Pacific Current*
near i70 degrees W to confirm suspected upwelling. 3. More
detailed subsurface measurements near 30 degree N, 150 degrees
£ and 30 degrees N, 140 degrees W to estimate the advance of in-
termediate waters southward. 4. Detailed reinspection of Cs133
anomalies discovered near Samoan and California shores. 5.
Further refinements in Cs133 and Cs137 collecting and analytical
techniques. 6. Summarizing Cs137 findings to date correlated
with other data in oceanographic reports.

SUPPORTED BY U.S. Atomic Energy Commission

1.0081, STUDY OF THE EXCHANGE OF CARBON DIOX-
IDE BETWEEN THE ATMOSPHERE AND THE OCEANS
C.D. KEELING, Univ. of California, Graduate School, San Diego
~ La Jolla, California 92038

The long-range goai of this oceanic investigation is to
describe the mechanism of the exchange of CO2 between the
oceans and the atmosphere. Towards attainment of this goal it is
proposed to: (1) to conduct a seasonal study of horizontal and
vertical variations of all of the determinative chemical species re-
lated to CO2 gas, and (2) to continue laboratory investigations of
the chemistry of inorganic carbon in ocean water, and (3) to au-

+ tomate additional phases of data processing both at sea and in the

10

laboratory.
SUPPORTED BY U.S. National Science Foundation

1.0082, PHYSICAL CHEMISTRY OF BUBBLES
F. MACINTYRE, Univ. of California, Graduate School, San
Diego - La Jolla, California 92038

This project, now completed, investigated certain
physicochemical hydrodynamic features of breaking bubbles and
also the effects of capillary ripples upon interfacial gas exchange.
More detailed accounts may be found in Maclintyre, J. Phys.
Chem. 72, 589 (1968) ‘Bubbles: A Boundary-Layer 'Microtome'
for Micron-Thick Samples of a Liquid Surface*, and in Maclntyre
(submitted to J. Fluid Mech.) ‘Enhancement of Interfacial Gas
Transfer by Capillary Ripples'.

SUFPORTED BY Amer. Chemical Society

1.0083, DETERMINATION OF TRITIUM IN NATURAL
WATERS
H.E. SUESS, Univ. of California, Graduate School, San Diego -
La Jolla, California 92038

The proposal is a continuation of NSF Grant GA-784 and it is
concerned with measurements of tritium in ocean water, in
precipitation and in various types of samples representative of the
pre-bomb tritium level. Tritium will be used as a tracer in oceano.-
graphic problems that include distribution in both vertical and
horizontal directions. It will also be used to trace differences in
rain water in different parts of the world, Correlations between
pre-bomb tritium content of aqueous materials and present triti-
um content of similar materials will be made.

SUPPORTED BY U.S. National Science Foundation

1.0084, NATURAL RADIOCARBON MEASUREMENTS
H.E. SUESS, Univ. of California, Graduate School, San Diego -
La Jolla, California 92038

This grant provides support for the continued operation of
the principal investigator’s radiocarbon dating laboratory.
Radiocarbon determinations are being carried out in connection
with the following lines of rosearch: 1. Distribution of natural
radiocarbon in bicarbonate of the deep oceans for the investiga-
tion of movement of deep ocean water masses. 2. Distribution of
artificial radiocarbon in the surface water of the Pacific Ocean for
the purpose of investigating mixing through the thermocline. 3.
Determination of carbon-14 dates in connection with other




research carried out at the Scripps Institution of Oceanography
and by the Earth Sciences Department.

SUPPORTED BY U.S. National Science Foundation

1.0085, TRACE ELEMENTS IN SEA WATER
K.K. TUREKIAN, Yale University, Graduate School, New Haven,
Connecticut 06520

During the next year we propose the following program to
continue our studiesof the marine geochemistries of the trace ele-
ments. It is hoped that knowledge of the behavior of the naturally
occurring and pollution contributed trace elements in natural
waters will also assist in the understanding of the behavior of
radioactive nuclides from seactors and other potential sources of
radioactive waste.

Long Island Sound studies: We will complete the neutron ac-
tivation analysis for Long Island Sound water profiles for cobalt,
nickel and silver. An attempt will be made to make a material
balance for as many elements as possible in Long Island Sound
using stream, sea water and sediment data. This is of importance
not only because of the irnminent construction of nuclear reactors
in the state of Connecticut but also as a general model of the
behavior of trace elements for analogous areas around the world.

Analytical methods: We shall continue in the development of
neutron act.vation analytical techniques for the analysis of stream
waters. With the use of sodium carbonate carrier and freeze-dry-
ing in addition to Co, Ni and Ag we expect to develop techniques
for the determination of the following elements from the
processing of a single 100 ml aliquot of water: Hg, Se, Sb, Cr, Rb,
Cs, Au, Zr, Hf, Ta, Zn, Fe, Sc, Ba, Sr, Te, Mo.

Techniques for the accurate determination of uranium and
molybdenum will be developed. Uranium will be determined by
neutron activation and alpha spectrometry and molybdenum will
be determined by mass spectrometric isotope dilution and
possibly by neutron activation. These elements are of interest not
only because of their peculiar geochemical properties but also if
found to be constant in concentration in sea water as indicated by

some workers, for use as monitors in the sponge adsorption ex-
periments.

SUPPORTED BY U.S. Atomic Energy Commission

1.0086, HEAVY METAL GEOCHEMISTRY OF ANTARC-
TIC SEA WATER AND MARINE SEDIMENTS
K.K. TUREKIAN, Yale University, Graduate School, New Haven,
Connecticut 06520

This award continues a study of variations in the content of
heavy metallic elements in the Antarctic Ocean, Previous support
was under GA-110, GA-183; and GA-2'75. Deepwater sampies
were collected on Eltanin Cruises 11 and 22. These are being
analyzed chemically and radiometrically for Ag, Cu, Ni, U234,
U238, and the alkaline-earth metals (Ba, Sr, and Ca). Siliceous
sediments from deep-sea cores in the same areas were analyzed
for Si32, C14, and the uranium-decay series. These determina-
tions were analyzed to relate the variations of the different ele-
ments to biological activity and to the rate of mixing of the ocean
water masses. It is proposed to continue the analyses of Eltanin
samples and of the data. Strontium in untreated sea water will be
determined by atomic absorption spectrophometry. Results to be
compared with analyses obtained by mass-spectrometiz, isotopic-
dilution techniques. The same water samples to be analyzed for
specific alkalinity. These two sets of data will be used to un-
derstand both the oceanic circulation around the Antarctic re-
gions, and the geochemical properties of Antarctic water.
Analyses already made on isotopes of Si, C, and the uranium-
decay series will be compared for a determination of the rates of
sediment accumulation in Antarctic deep-sea sediment cores.
These rates will be compared with the barium content of the cores

and of the water for a further check on the flow rates between the
Antarctic Ocean and thie other major oceans.

SUPPORTED BY U.S. National Science Foundation
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1.0087, PH STANDARD REFEKENCE MATERIALS FOR
USE IN SEA WATER
R.G. BATES, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Washington, District of Columbia

Technological Objectives: The hydrogen ion activity (pH) is
an important parameter in chemical and biological processes.
Over the years a pH scale in water has been developed at the Na-
tional Bureau of Standards augmented by a series of standard
reference materials. As work is extended to other systems (deu-
terium oxide, sea water, non- aqueous solvents), a parallel activity
scale and a series of standard reference materials must be
developed. The increasing interesi in oceanography has made the
development of a pH scale in sea water most pressing. The
present work at NBS to define a pH scale in sea water and develop
standard reference materials wilFﬁll the need in this area.

Approach: A ‘standard’ sea water for this work is being
developed and a pH scale is being defined in this medium. Ac-
companying this is a study of the deviations in pH with changes in
salinity. Once the scale is established, work will begin to prepare
and standardize a group of defining standard reference materials.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

1.0088, TRACE ELEMENT EQUILIBRIUM STUDIES
J.D. GASSAWAY, U.S. Navy, Oceanographic Office, Washington,
District of Columbia

Objective: To investigate equilibrium distribution coeffi-
cients and uptake rates of elements and suites of elements on ion-
exchange resins containing various organic complexing and
precipitating agents.

Approach: The initial effort wili be directed at establishing
the optimum conditions for adsorbing and/or absorbing organic
complexing agents onto ion exchange resins. Immediate attention
will be given to dithizone, 1-nitroso-2-napthol, dimethylglyoxime,
8 hydroxyquinoline, and ammonium pyrrolidine dithiocarbamate
on Dowex 1 of varying mesh sizes. Using appropriate radioactive
tracers (e.g. zinc, cobalt, copper, nickel, antimony, manganese,
iron, chromium and the rare earths), studies will be made of: (i)
their equilibrium distribution coefficients in a sea water matrix
with a pH ranging from 2 to 9 under controlled conditions: (i)
elution characteristics of the exchangers employing various
eluants (both organic and inorganic); (iii) trace element recove-
ries from large volumes of sea water; and (iv) factors affecting
recoveries.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0089, OCEAN RADIOACTIVITY
J.I. HOOVER, U.S. Navy, Research Laboratory, Washington, Dis-
trict of Columbia

Objectives To make measurements of the neutron intensity
as a function of depth. To increase our knowledge of the neutron
distribution in the ocean.

Approach: The experimental approach is to utilize currently
available, highly sensitive counters to detect the neutron com-
ponent in the ocean.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0090, ISOTOPIC OCEANOGRAPHY :
R.E. SMITH, U.S. Navy, Oceanographic Office, Washington, Dis-
trict of Columbia

OBJECTIVE: Develop capabilities for the measurement and
utilization of radioisotopes and stable isotopes in the sea to pro-
vide NAVOCEANO survey forces the ability to rapidly and selec-
tively collect marine radiochemical and trace element samples for
use in studying oceanographic phenome.a and to respond rapidly
to oceanic disasters involving nuclear material. Provide the capa-
bilities for survey measurement, prediction and search capabili-
ties for radioisotopes at low levels and stable trace constituents at
levels of 1 ppm or less.

APPROACH: Collection and radiochemical analysis of s¢a
water, bottom sediment and plankton, samples from selected Arc-
tic areas. The data are studied with other physical and chemical
oceanographic parameters to determine the manner in which the
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spatial and temporal isotope distributions reflect environmental
features. Chemical, geological and biological considerations are
to be made of Arctic and Tropical areas to fully evaluate con-
trolling factors on stable and non-stable isotopic distributions.
The radioisotope levels observed will be used to provide
background levels for reference for future measurements in the
Atctic and/or other areas of interest. Results will be used as a
guideline in determining the feasibility of future isotopic surveil-
lance efforts and for modifying sample collection and laboratory
anaiytical techniques tor more efficient and rapid data procure-
ment. Utilize injection sources, such as nuclear reactors, to study
the properties of introduced pollutants and their relationships to
oceanographic variables present.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0091, SHIPBOARD METHGDS OF CHEMICAL ANALY.
SIS
J.W. SWINNERTON, U.S. Navy, Research Laboratory, Washing-
ton, District of Columbia

(1) To make shipboard evaluation of methad for determining
dissolved light hydrocarbons and carbon monoxide in sea water
by fas chromatogrphy. (2) To adapt method for determining low-
molecular weight hydrocarbons and CO in air over the ocean,

SUPPORTED BY U.S. Wept. of Defense - Navy

10092, PRECISION MEASUREMENTS OF DISSOLVED
OXYGEN, NITROGEN AND ARGON IN SEAWATER

D.E. CARRITT, Nova University, Graduate School, Fort Lau-
derdale, Florida (N00014-67-A-0386-0001)

The Navy needs to know the rate of ventilation of subsurface
waters as it is pertinent to corrosion of structures; availability of
02 for isolated, long-term, undersea human habitation; and
general ocean circulation. Gas exchange across sea surface has
relevance to sea-ait interaction and gas-membrane exchange
phenomena,

The objectives are to obtain measures of the distributicn of
dissolved 02, N2 and Ar in the ocean by newly developed
techniques which eliminate both systematic and accidental €rrors
present in existing methods, and to use these measures as the basis
for (1) describing the distribution of 02, N2, and Ar in the ocean;
(2) establishing the departure (if any) of the gas solubility from
predicted thermodynamic equilibrium; (3) elucidating the physi-
cal processes by which matter is transferred across the sea-air in-
terface and (4) estimating the rate of ventilation of subsurface
parts of the ocean. The system for gas measurements utilizes a
sample bottle which captures a measured volume of sample in situ
and upon recovery is attached directly to the analysis instrument.
Analysis is with a gas chromatograph containing a 30-foot
molecular sieve column, thermal conductivity detectors and built-
in calibration systems based upon (a) coulometric generation of
02 or N2 and (b) injection of air or standard gas mixtures. Mea-
surements will be made using Nova’s research vessel and ships of
opportunity for studies away from the U. S. East Coast.

SUPPORTED BY U.S. Dept. of Defense - Navy

10093, CHEMICAL METHODOLOGY - APPLICATIONS
OF NITRATE SPECIFIC ELECTRODE TO CHEMICAL
OCEANOGRAPHY
J.W. VANLANDINGHAM, U.S. Dept. of Interior, Trop. Atlantic
Biolog. Lab. , Miami, Florida

Objective: To study and evaluate various methods for reduc-
ing or nullifying choloride interference on the nitrate specific ion
electrode, thus making a v-sful analytical tool available to chemi-
cal oceanography.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.6094, DETERMINATION OF VOLATILE ORGANICS IN
SEA WATER

J.F. CORWIN, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124
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Preliminary work by this investigator (1959-1963) has shown
the feasibility of the use of Gas Chromatography for the separa-
tion and identification of volatile organic compounds in sea
water. The principal problems encountered were sensitivity of the
instrumentation, suitable stationary phases of the columns and a
suitable method of removing the volatile materials from the
water, Improvements in instrument manufacture, development of
a new stationary phase by U. P. Schluneggar (1965) and the head-
gas method of sample treatment indicates that the time is right for
devising a good procedure for the analysis of low molecular
weight organic content of sea water.

It is proposed to devote one year (sabbatical 1967-1968) to
this problem, The success of this year will dictate the extent of ef~
fort to be devoted to the program in the future (after July 1,
1968). Dr. Corwin has been appointed Adjunct Professor by the
lnst;:ute of Marine Sciences and has been offered space for the
work.

SUPPORTED BY U.S. National Science Foundation

1.0095, THE GEOCHEMISTRY OF RADIOACTIVE ELE-
MENTS IN THE MARINE ENVIRONMENT - THE
GEOCHEMISTRY OF LANDLOCKED SEAS

E. RONA, Univ. of Miami, Graduate School, Miami - Coral Ga-
bles, Florida 33124 {AT(40-1)2411)

The geochemistry of natural radioactive elements has been
studied for several years at this Institute and elsewhere. Con-
siderable contributions have been made in the use of
radioisotopes for age determination and in the study of the
geochemical conditions during and after the sedimentation
process. Methods have been investigated and some have been
further developed. We are of the opinion that specific areas of in-
vestigation will result in answers to some of the remaining
questions.

Ocean sediments and sea water may, in principle, be dated by
the radiochemical determination of certain members of the natu-
rally radioactive disintegration series. Thus, Th-230/Pa-231 ratios
may be used for dating ocean seditnents and radium concentra-
tions for sea water. The purely technical problems of measuring
the activities of the actual isotopes are considered to be
reasonably well solved. Despite quite extensive previous research,
the assignment of age values on the basis of activity measure-
ments is, however, badly hampered by lack of knowledge of the
geochemistry of these isotopes; e.g., their chemical distribution at
zero time, and the possible chemical and physical processes that
could affect the distribution at a later time.

We therefore propose to try a different apptoach to these
problems by investigating the geochemistry of the elements of the
natural uranium-thorium series in landlocked seas where chemi-
cal conditions will differ, in some case extremely, from those in
the open seas. In this connection, we also propose to extend the
study to include barium, since its chemistry is similar to radium.
Also included will be a comparison between C-!4 ages and the
uraniurn-series ages of some of the materials.

SUPPORTED BY U.S. Atomic Energy Commission

1.0096, THE EXTRACTION Of POTASSIUM FROM
FRESH AND SALINE WATEKRS BY CLAY MINERALS

C.E. WEAVER, Georgia Inst. of Technology, Water Resources
Center, Atlanta, Georgia 30332

The general objective is to determine how and to what extent
the chemistry (particularly potassium) of fresh and saline waters
is controlled by clay mincrals and gels, both in the laboratory and
in natural environments.

Using waters of various compositions, the ability of a variety
of clay minerals to extract specific cations will be determined and
the mean free bonding energies of the cations calculated. The
release of interlayer clay water to the fluid will be measured and
the factors controlling the return of adsorbed cations to the fluid
phase as the chemistry of the water changes will be determined.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Georgia Institute of Technology




1.0097, SOLUTION-SILICATE REACTIONS AND
EQUILIBRIA

R.M. GARRELS, Northwestern University, Graduate School,
Evanston, Hlinois 60201

Studies of silicate-sea water reactions, of ground waters from
igneous rocks, and of mass balance relations between rivers and
oceans, have led to the conclusion that the gross chemical com-
position of the oceans represents a dynamic equilibrium between
sea water and detrital silicates.

This proposal is to: (a) continue laboratory studies of the in-
teraction between silicate minerals and sea water, with emphasis
on reactions that remove cations and dissolved silica. (b) Perform
experiments with various salt solutions and silicate minerals to
permit equilibrium conditions to be predicted for sea water and
allied fluids, such as pore waters of sediments. (c) Process
published experimental data on silicates to obtain the best possi-
ble numbers for the thermochemical properties of the common
silicatz minerals. (d) Calculate the solution compositions and
solids produced by progressive reactions between aqueous solu-
tions and silicate minerals.

During these studies, it is proposed to continue to develop
mass balance relations in the overall rock-water cycle in an at-
tempt to elucidate the chemical history of the oceans.

SUPPORTED BY U.S. National Science Fouy:dation

1.0098, CHRONOLGGY OFf MARINE SEDIMENTS, CIR-
CULATION OF WATER AND TRACE ELEMENTS, SEDI-
M%NTARY RECORD AND EXTRATERRESTRIAL ACCRE-
TION

D. LAL, Tata Inst. of Fundamental Res. , Bombay - Colaba, india

Utilizing the technique of in-situ adsorpticn as an enrichment
device, profile samples of a suite of trace elements in sea water
were obtained for 20-3500 m: depths at several locations in the
Pacific ocean beiween Hawaii and New Zealand during the Nova
expedition. The enriching matrix consisted of dispersed ferric-
hydroxide suspended in natural spongin fibres. Several wide
diameter gravity cores were also raised during tais expedition.
These samples will be analysed to study a host of crucial marine
problems - nature of large scale circulation of water, trace ele-
ment budget and sedimentary record of long term phenomena in
relation to climatic changes and extra-terrestrial accretion of
matter, using as tracers cosmic ray produced isotopes, Si-32, Be-
10, Al-26, Mn-53 and those belonging to the U-Th series.

A profile sampler for ferric-hydroxide loaded spongin matrix
and low level counting units for measuring alpha, beta and gamma
activities at low levels have been developed for the above men-
tioned studies.

The fabrication of profile samplers and processing of spongin
- matrix was carried out at the Scripps Institution of Oceanog-
raphy, U.C.S.D., La Jolla. Analyses of recovered marine concen-
trates of trace elements and radioisotopes are being carried out at
the Tata Institute of Fundamental Research, Bombay.

SUPPORTED BY Amer. Chemical Society

1.0099, CHEMICAL PROPERTIES OF SEA WATER AT
PRESSURE

EM. STANLEY, U.S. Navy, Ship Research & Dev. Center, An-
napolis, Maryland

Objective: To determine those environmental factors affect-
ing undersea uses of the oceans; to investigate pressure effects on
the chemical properties of sea water.

Approach: Determine the characteristics of the seawater
supply available for use in the pressure facility, both estuarine and
off shore (in:luding cooperative sampling and analysis work with
ESSA and the Virginia Institute of Marine Science). Investigate
solubilities of gases in sea water including Henry’s law constants
as a funcion of salinity, temperature and pressure for certain
gases. Instrument development is inclined, such as one for sam-
pling interstitial water in marine sediments which will bring the
sample back under pressure for measurement of pH and other
properties. Perform intra-laboratory consulting services on
oceanographic factors.

SUPPORTED BY U.S. Dept. of Defense - Navy
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1.0100, EXTENT OF BRACKISH WATER IN TIDAL
RIVERS, MARYLAND

S.G. HEIDREL, U.S. Dept. of Interior, Water Resources Division,
Baltimore - Towson, Maryland

Tkis research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Maryland.

Purpose: To delineate the boundary zone between brackish
and fresh water and provide information to permit maximum
utilization of the wat=r in the tidal portions of Maryland rivers.

Methods: Location of the saline water front in all the inland
tidal areas of Maryland at varying conditinns of tide and runoff
and different seasons of the year wili be determined through use
of continuous conductivity recorders, periodic spot measure-
ments of chloride concentrations and determination of river
profiles of salinities. A comprehensive report will be prepared on
the extent and variation of the salt water encroachment in surface
waters on the basis of these field observations and available sup-
plementary information.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Maryland State Government

1.0101, MASS SPECTROMETRIC AND MANOMETRIC
STUDIES OF THE OCEANS AND THE ATMOSPHERE

B.B. BENSON, Amherst College, Graduate School, Amherst,
Massachusetts 01002

This research is a continuaticn of studies of dissolved gases
which have great potential for the study of air-sea exchange
phenomena, for the elucidation of processes occurring within the
oceans, and for the determination of the past history of ocean
waters. For this type of work very accurate dissolved gas measure-
ments are required, and very accurate values for the solubilitics of
the gases must be known. Because the emphasis is on accuracy,
thie experimental procedures are described in detail.

During the first year, major activity will be focused on the
determinations of the distilled and sea water solubilities of
nitrogen, oxygen and the five noble gases, since these are necessa-
ry for the correct interpretation of oceanic dat«. At the same
time, however, it is pianned to complete and test sampling,
processing and analytical equipment for the ocean measurements.
The solubility work wiil be continued in the second year, but the
emphasis will be shifted toward studies of the atmosphere ar.d the
oceans.

SUPPORTED BY U.S. National Science Foundationi

1.0102, GEOCHEMICAL OCEANOGRAPHY
M. BLUMER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543 (N00014-66-C0241)

Work will continue on isolation and structural identification
of organic compounds of marine organisms, whose production
appears to be controlled by environmental factors, using a com-
bined mass spectrometer -gas chromatograph. The movement of
these compounds through the food chain and into the watecr
masses will be studied.

Knowledge of the naturai background occurrence of organic
compounds in the sea is fundamental to development of means of
detecting changes resulting from operations such as occupation of
underwater habitats.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0103, ORGANIC COMPOUNDS IN THE SEA AND IN
MARINE SEDIMENTS
M. BLUMER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

Investigations will continue on the origin and fate of organic
compounds in the sea and in marine sediments. Using techniques
developed under an earlier grant, compounds of biochemical
origin will be isolated from all components of the marine environ-
ment. Identification will be carried out by combined gas chro-
matography-mass spectrometry, and by nuclear magnetic
resonance and infrared spectroscopy. Special emphasis will be
placed on the study of biogenic hydrocarbons, lipids and selected
polar compounds. The type and concentration of these com-
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pounds vary with the comparison of the plankton present in the
water, with the time of the year, with the climate and with the his-
tory of the water mass. Thus, they should provide suitable tracers
for the study of dynamic processes in the sea.

Selected derivatives of biochemical compounds will be iso-
lated from deep marine, recent and ancient sediments. The struc-
tural comparison of these compounds with their biochemical
precursors and their eventual conversion products will provide in-
sight into the molecular processes in the subsurface.

SUPPORTED BY U.S. National Science Foundation

1.0104, RADIOELEMENT STUDIES IN THE OCEANS -
LANTHANIDES IN SEA WATER AND THEIR INTERAC-
TIONS WITH MARINE SEDIMENTS AND SUSPENSOIDS
V.T. BOWEN, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543 (AT(30-1))

Using activation analysis, individual lanthanides have been
analysed in N. Atlantic sca water. Samples of N. Atlartic Deep
Water (11), of Antarctic Bottom Water (3) and of Antarctic In-
termediate Waic (6) showed each water mass to have a charac-
teristic and distinct profile of relative lanthanide element concen-
trations. Reported ACS Miami meeting 1967, and in press.

Carrier-f. ee radioisotope studies show La, Y and Ce to react
with standard clay minerals, marine sediments and open ocean
suspensoids to give measurable and distinct K sub D values: on a
gram per gram basis these range from 1 to 100 for APS standard
clays, from 20 to 100 for open ocean sediments, and from less
than 20 to 40 for open ocean suspensoids. Analysis of geochemi-
cal and occanographic implications of this data is in process,

. SUPPORTED BY U.S. Atomic Energy Commission

1.0105, SIGNIFICANCE OF FLUORIDE VARIATIONS IN
SEA WATER
P.G. BREWER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

Recent literature has indicated the presence of abnormally
high fluoride/chlorinity ratios at depth in several stations in the
North and South Atlantic Ocean. The source of the high fluoride
has been tentatively assigned to volcanic activity associated with
the Mid- Atlantic ridge. The research described in this proposal is
intended to define the source of the fluoride and to determine its
importance in anderstanding deep sea phenomena. We propose
to develop a device to measure the fluoride/chloride activity ratio
in situ and thus obtain a continuous record of the ratio with depth.
During the Summer of 1968 the R/V CHAIN will make two
crossings of the North Atlantic and the R/V ATLANTIS II a
crossing of the South Atlantic. On each of these cruises we intend
to obtain several profiles of the F-/CI- ratio from the surface to
the ocean bottom. The data obtained from these profiles will pro-
vide us with a measure of the extent of the fluoride enrichment
with depth. Is this a localized phenomenon that may be associated
with volcanic activity, or localized outcrops of fluorine rich
minerals, or is it more widespread and possibly associated with
the dissolution of particulate matter at depth? We also hope to
obtain some indication of the value of the F-/Cl-ratio in tracing
oceanic circulation at depth.

SUPPORTED BY U.S. National Science Foundation

1.0106, STABLE ISOTOPE STUDIES ON COEXISTING
MINERALS IN MARINE SEDIMENTS
W.G. DEUSER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

A study will be made of the distribution of the stable isotopes
of oxygen and hydrogen among coexisting minerals in marine
sediments and of the fractionation between the minerals and the
interstitial and overlying waters. Samples to be investigated in-
clude those collected in and around the ATLANTIS and
DISCOVERY deeps of the central Red Sea which are charac-
terized by high salinities and temperatures ranging from 40 to 60
degrees C. The cores taken contain numerous easily identified
minerals including various carbonates, oxides, sulfides and sil-
icates, all of which appear to have formed syngenetically. Deter-
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mination of the oxygen-isotope ratios in the different minerals
and in the water samples coupled with the temperature measure-
ments taken during sampling should reveal data on the mode of
formation of the minerals, Knowledge of the water chemistry will
aid in this effort. A comparison with the samples collected outside
the hot deeps should reveal information on paleotemperatures
and also on calcite-dolomite relationships at 20 degrees C. Addi-
tional determination of hydrogen- isotope ratios in hydrated
minerals will serve as a further check on mode of formation and
diagenetic changes of the minerals. A general study of hydrogen
and oxygen isotope distribution as a function of depth in sedi-
ments will be made for individual minerals and mineral groups to
determine the effect of diagenetic processes on isotope ratios.

SUPPORTED BY U.S. National Science Foundation

1.0107, ELECTROLYTE-NON-ELECTROLYTE INTERAC-
TIONS IN SEA WATER AND RELATED SOLUTIONS
J.E. GORDON, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

This is a continuing program in which the firm base provided
by the thermodynamic measurements on simple salt mixtures is
used to extend investigation of thermodynamic properties of dis-
solved organic nonelectrolytes to more complex systems, ap-
proaching marine phenomena more specifically. These extensions
require measurements on polar nonelectrolytes, which represent
the bulk of organic constituents of sea water and of compounds of
biological interest. They also require a deeper study of solubiliza-
tion phenomena. The proposed plan of research includes these
studies, but places emphasis on the second topic of the original
proposal, marine chemical applications of proton magnetic
resonance spectroscopy. Results on this half of the program are
not as far advanced as the thermodynamic work, due principally
to time invested in establishment of the experimental proton mag-
netic resonance facility. Detailed plans for pursuing the proton
magnetic resonance investigation of water in mixed salt solutions,
of organic nonelectroyletes in salt solution, and of aspects of the
solubilization phenomenon, as well as employing the instrument
in structure studies on organic compounds isolated from sea
water--all with increased efficiency--are presented. One new topic
of investigation is proposed- -evaluation of the marine chemical
potentialities of the formation of insoluble complexes of alkali
and alkaline earth metal salts on treatment of their aqueous solu-
tions with liquid CBr2(CN)2. Suggested applications are removal
or fractionation of sea salt and use in trace clement determina-
tion.

SUPPORTED BY U.S. National Science Foundation

1.0108, STABLE ISOTOPES
J.M. HUNT, Woods Hole Oceanographic Inst. , Woods Hole, Mas-
sachusetts 02543 (N00014-66-C0241)

Profiles will be made across the North Atlantic and South At-
lantic, and C13/C12 ratios will be measured in both the dissolved
organic carbon (DOC) and inorganic carbon (CO2). The DOC
will be photo-oxidized by UV irradiation and the CO2 produced
caught for analysis in the mass spectromenter. C13/C12 ratios in
DOC will be compared with values already established for various
components of marine life.

Knowledge of distribution of natural variations of isotope
ratios in sea water is an important prerequisite to evaluation of
man-made variations resulting from test or employment of
weapons or operations of vehicles. Program also contributes to
overall understanding of mixing rates and turbulence in the
ocean.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0109, DISTRIBUTION OF CARBON AND RADIUM IN
THE ANTARCTIC WATERS
T. KU, Woods Hole Oceanographic Inst. , Woods Hole, Mas-
sacnusetts 02543

Woods Hole Oceanographic Institition will coilect and
analyzc water samples from the southern oceans for several dis-
solved clements and gases. Samples will be taken on Eltanin




Crusie 35 in the South Australia Basin of the Indian Ocean at 10
stations. Each station sample series will consist of ten 20-liter
Nisken bottle samples, one from the surface and nine from pre-
determined depths. The concentration and isotopic composition
of the dissolved inorganic carbon, and the partial pressure of car-
bon dioxide, will help to identify surface water, as distinguished
from Antarctic bottom water. The method using an infrared gas
analyzer has been shown to be more accurate and sensitive as
compared to the pH and alkalinity methods employed previously
on other research projects. The determination of dissolved ox-
ygen, and the ration of carbon-12 to carbon-13 of the dissolved
inorganic carbon, will help to better understand the oxidative
processes of the organic compounds present. The keavy radioac-
tive metals, radium and uranium, will also be determined for vari-
ous depths in order to evaluate the role played by the biota in the
vertical distribution of heavy elements in the water column.

The shipboard collecting and analyses will be carried out by a
marine geochemist from Lamont Geological Observatory. No
gg rsonnel from WHOI will be on board the Eitanin during Cruse

SUPPORTED BY U.S. National Science Foundation

1.0110, ANALYSIS OF SEA WATER BY DIFFERENCE
CHROMATOGRAPHY

P.C. MANGELSL?RF, Woods Hole Oceanographic Inst. , Woods
Hole, Massac’usetts 02543 (AT(30-1)3838)

The objective of this research is tn use the method of ion
exchange difference chromatography to study slight variations in
the proportions of major elements in sea water. The method in its
present form has been shown to be sensitive to differences in the
K plus/Na plus and C2 plus/Na plus ratios in sea water of the
order of one part in 10 to the 5th power. We will attempt to in-
crease the sensitivity by a factor of 10 in the expectation that well-
defined reproducible variations of these and other ratios can be
found in water samples from various sources. In particular we are
interested in the vertical variations of composition in the deep sea
water column, in the effects of run-off on the salt composition of
coastal waters, and in the composition in interstitial waters
trapped in recent sediments.

SUPPORTED BY U.S. Atomic Energy Commission

1.0111, ORGANIC MATTER
D.W. MENZEL, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543 (N00014-66-C0241)

Water will be sampled on a cruise from North to South At-
lantic an { then across the South Atlantic to determine relation-
ships between dissolved organic carbon (DOC) and oxygen
depletion in the water masses. Samples will be closely spaced (50
m.) in regions of oxygen and salinity minima. Nitrate and
phosphate will also be determined. Significance of dissolved ox-
ygen as a conservative property will be evaluated.

If the quasi-conservative nature of dissolved oxygen can be
established, and if it can be demonstrated that DOC content of a
water mass is determined in the surface layers, oceanographers
will have powerful new tools for identifying water masses and in-
vestigating mixing processes and large scale turbulence and water
motions in the ocean.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0112, THE CYCLE OF ORGANIC MATTER IN THE
DEEP SEA

J.H. RYTHER, Woods Hole Oceanographic Inst. , #oods Hole,
Massachusetts 02543 (AT(30-1)3862)

A study will b~ made of the origin, distribution, composition
and fate of the pz. *~ular matter in the sea, with emphasis on the
non living, organiu ..action (i.e., detritus). Major emphasis will be
placed on determining the flux of this material through the marine
ecosystem by investigating its relationship to primary and secon-
dary organic production, its rate of decomposition, its seasonal,
geographical, and vertical distribution in the sea, and its rate of
sinking and decomposition on the bottom. The ecological sig-
nificance of the particulate matter will also be investigated with
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respect to its ability to scavenge dissolved organic matter by sur-
face adsorption, its role in providing a surface for bacterial
growth, and its value as food, both directly and indirectly through
the use of organic matter adsorbed to or growing on its surface.
The possibility that detritus in the deep-seca represents a stable,
refractory, and neutrally buoyant reservoir of organic matter, as
indicated by recent evidence, will be examined in detail through
intensive distributional studies, laboratory experimentation, and
isotope dating techniques.

SUPPORTED BY U.S. Atomic Energy Commission

1.0113, ELEMENT CHEMISTRY
D. SPENCER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543 (N00014-66-C0241)

The purpose of this task is to determine the distribution and
concentration of dissolved metals in the oceans. The work in-
volves careful sampling from ships, to avoid contamination, and
subsequent analysis in the laboratory using atomic absorption
spectroscopy.

Knowledge of the natural background levels of concentra-
tions of metallic ions in sea water masses is fundamental to the
development of means of monitoring man-made changes in these
levels through military or industrial activity.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0114, HETEROTROPHIC ACTIVITY AND PRIMARY
REGENERATION IN THE OCEAN

R.F. VACCARO, Woods Hole Cceanographic Inst. , Woods Hole,
Massachusetts 02543

The amount of surface oriented dissolved organic carbon in
the ocean is relatively large in terms of the remainder of the water
column and vanes according to the rate of biological recycling.
Within photic depihs both labile and refractory forms of carbon
are prominent siuce organic reproduction and degradation
proceed simultaneously. At intermediate depths further decom-
position may occur following sinking and the advection of par-
ticulate organic residues but ultimately throughout the remaining
and deeper portious of the water column dissolved organic car-
bon remains remarkably constant. Inability in the part to demon-
strate significant biochemical oxidation within the deep ocean
suggests that most of the organic material is present in a refracto-
ry form capable of prolonged resistance to biological decomposi-
tion.

The bulk of this deep refractory organic carbon appears in
the form of macromolecules believed to be structured on linkages
provided by polyphenols, quinones or amino acids. In this regard
our current efforts include a shipboard application of charcoal
adsorption designed to fractionate and quantatively evaluate the
importance of residual organic carbon in the sea. Observations so
far completed include a transatlantic crossing from Barbados to
the Cape Verde Islands as well as samplings in the deep and shal-
low waters of the Gulf of Mexico proximal to the Yucatan Penin-
sula. The pattern emerging is that between 70 to 90 percent of the
deep dissolved organic carbon at midoceanic locations is present
as organic condensates which appear to occupy a quasi-terminal
position in the organic cycle of the sea. At river outlets, in coastal
waters, and in adjacent seas such as the Guif of Mexico, the frac-
tion of residual organic material is significantly less.

SUPPORTED BY U.S. National Scierice Foundation

1.0115, CHEMISTRY OF THE HYPOLIMNION OF LAKE
ERIE
H.E. ALLEN, U.S. Dept. of Interior, Biological Laboratory, Ann
Arbor, Michigan

During the period of summer stratification much of the
hypolimnetic water in Lake Erie experiences severe oxygen
depletion. Concurrent large changes occur in the concentration
of nitrate, ammonia, phosphate, iron, maganese, and sulfide. Our
objectives include describing the magnitude and rate of these
changes, determining the chemical compounds involved and
determining the effects of these changes on the ecosystem. Sub-
sequent to fall overturn concentrations of these materials return
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to those concentrations existing prior to stratification. Field stu-
dies are being made to determine the concentrations of these and
other substances in the waters. Laboratory studies are being con-
ducted to determine the oxidation-reduction potential at which
materials are released from the sediments and to determine the
kinetics of their buildup in the water. The chemical composition
of materials precipitated upon overturn is being investigated.
Various sediments are being investigated to determine the sub-
stances responsible for oxyger: depletion.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.0116, CHEMICAL CHARACTERISTICS OF THE
GREAT LAKES
J.F. CARR, U.S. Dept. of Interior, Biological Laboratory, Ann Ar-
bor, Michigan

The long-range objectives are to gain an understanding of the
cycles of the major nutrients in the Great Lakes and connecting
waters and their influences on the productivity of the lakes. Ob-
jectives are to demonstrate the vertical, horizontal, and seasonal
variations in water quality in various habitats of the lakes. Routine
determinations are being made on a variety of Great Lakes waters
for sodium, calcium, magnesium, potassium, sulfate, chloride, sil-
ica, alkalinity, pH, dissolved oxygen, and total phosphorus.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.0117, MINERAL-WATER CHEMISTRY, GREAT LAKES
J.R. KRAMER, Univ. of Michigan, Great Lakes Research Livi-
sion, Ann Arbor, Michigan

Great Lakes chemistry, relative to major jons, is evolved
from a time independent invariant chemical equilibrium
model(s). The ability to rigorously define these models rests upon
knowing free energy expressions for the specific minerals and
aqueous ligands, the crystallography and stoichiometry of the
minerals, and the in situ chemistry of the Great Lakes,

Solution equilibrium among end member solid phases per-
mits determination of free energy of formation of the common
minerals. This procedure is applied to synthetic simple composi-
tion minerals and naturally occurring minerals. Equilibration is
considered attained when identical results are achieved for dif-
ferent paths of equilibration.

Standard chemical, X-ray diffraction, and optical techniques
are used to define solid phases. Knowing specific solid phases al-
lows one to ‘eguilibrate‘ the entire specimen and compare results
with those predicted by single solid phase equilibrium studies.

Ultimate goodness of fit is achieved by comparing apparent
equilibrium expressions obtained from data for the Great Lakes
to the above models. Since parts or all of the Great Lakes are not
in the same environment as the analytical laboratory, emphasis
must be placed upon in situ or pseudo in situ analyses.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

1.0118, MINERALOGICAL CONTROLS ON THE CHEMI-
CAL COMPOSITION OF GCEAN WATER

H.L. HOLLAND, Princeton University, Graduate School, Prin-
ceton, New Jersey 08540

Although it is almost certain now that the chemical composi-
tion of ocean water is strongly influenced by reactions of ocean
water with silicate minerals, the nature and the geography of
these reactions are very inadequately - nown. This grant is for the
study of the interaction of clays with ocean water in the field and
in the laboratory.

Preliminary work in the vicinity of Puerto Vallarta, on the
Pacific Coast of Mexico, has shown that a good deal of the area is
underlain by rhyolites and andesites and that essentially none of
the clays in soils and in the rivers is inherited. It is interided to
study the mineralogy of soils in this area, the chemistry of at ieast
one of the rivers from its source to its estuary, the mineralogy of
river sediments, and the mineralogy of sediments in estuaries and
just off- shore.

At the same time it is planned to do some exploratory work
on the fate of iron which is brought to the Atlantic Ocean in great
abundance by a number of New Jersey rivers. There is some

evidence that Fe203.nH20 reacts to form silicates containing
abundant Fe 3 during the diagenesis of marine sediments, which

makes it desirable to see how much and how rapidly iron-rich clay
1s formed in near-shore environments.

SUPPORTED BY U.S. National Science Foundation

1.0119, OXYGEN RESOURCES OF TIDAL WATERS
J.P. BARLOW, State University of New York, Agricultural Ex-
periment Sta. , Ithaca, New York 14850

The objective of this project is to evaluate the potential
sources of oxygen in tidal waters which may be subjected to or-
ganism pollution. The study is presently concerned principally
with regions in which horizontal exchanges are so restricted that
the ocean is a relatively minor source compared with plant
photosynthesis and atmospheric reaeration. Photosyiithetic
production of oxygen will be evaluated by means of direct experi-
mental methods, and atmospheric reaeration from an analysis of
time-changes in concentration effected by diurnal changes in
biological processes. It is hoped thereby to obtain some un-

derstanding of the influence or hydrographic and biological fac-
tors on the reaeration of these regions.

SUPPORTED BY New York State Government

1.0120, INVESTIGATIONS OF URANIUM AND THORIUM
SERIES ISOTOPE DISEQUILIBRIUM IN THE OCEAN AND
IN PLEISTOCENE SEDIMENTS

W.S. BROECKER, Columbia University, Graduate School,
Palisades, New York 10964 (AT(30-1)3139)

This research is primarily a study of the conditions which
bring about disequilibrium among the isotopes of the U and Th se-
ries in nature with an eye toward developing methods of age
determination. Thus we are trying to date water masses by study-
ing the distribution of Ra-228, Th-228, Pb-210, Pn-210 and Ra-
226, oceanic sediments by measuring Th-230 and Pa-231 and plu-
vial lake salts and volcanic ashes by measuring Th-230, Th-232
and uranium. At the same time, these studies lead to a better un-
derstanding of the geochemical behavior of these elements. By
applying these methods we are tyring to answer the following
questions of importance to earth science: 1) what is the source of
the high concentration of unsupported Ra-228 in ocean water? 2)
is the distribution of Pb-210 surface ocean water controlled by
the input of atmospheric Pb-210? 3) do the times of the sharp
cold to warm climate changes as seen in deep sea sediments sUp-
port the astronomical theory of glaciation? 4) how is the timing of
pluviation related to the time cf glaciation?

SUPPORTED BY U.S. Atomic Energy Commission

1.0121, GEOCHEMICAL STUDIES OF CONTINENTAL
WATERS

W.S. BROECKER, Columbia University, Graduate School,
Palisades, New York 10964 (AT(30-1)2493)

The purpose: of this research is to gain an understanding of
the factors controlling the major element chemistry of continental
waters. We are contrasting the chemistry of three closed basin
saline lakes, a sulfate-rich meromictic lake, and its associated
ground waters, two fresh water lakes, lakes within active volcanic
regions and subsurface waters in an island coral cap. Measure-
ments of the major elements, pH, and pCO are being made on the
lake waters, river and ground waters supplying the lakes, and pore
waters extracted from the lake sediments. Stable and
radioisotopes (C-14, C-13, 8r-90, Cs-137, Rn-222, ...) provide
useful means of tracing sources and determining residence times.
The origin of the detrital and authigenic phases in the sediments is
also being studied.

A report regarding our study of Green Lake is in press (Lim-
nology and Oceanography). Preliminary reports on our saline
lake studies appear in this years Project Report.

SUPPORTED BY U.S. Atomic Energy Commission




1.0122, MINERALOGICAL STUDIES OF PARTICULATE
MATTER SUSPENDED IN SEA WATER

JACOBS, Columbia University, Graduate School, Palisades, New
York 10964

The purpose of this study is to establish the mineralogical and
chemical nature of particulate matter suspended in sea water. A
world- wide sampling program, now in its second year, has
produced surface and deep sea water samples of suspended par.
ticulate matter, along with samples of corresponding bottom sedi-
ment. X-ray diffraction and spectrographic techniques will con-
stitute the principal analytical procedures to yield mineralogical
and chemical data for suspended particulate matter in ocean
water.

Little is known about the nature of the mineral particles
suspended in sea water; even quantitative information of the most
basic nature is wanting. Although most of the mineral content of
suspended particulate matter has been derived from the weather-
ing of land masses, there is a possibility that an authigenic com-
ponent of significant magnitude forms within the sea. It is signifi-
cant to understand the relative importance of these two com-
ponents. Also, information is needed regarding the changes the
land-derived minerals undergo in sea water, as well as their set-
tling times. A widespread layer of cloudy water near the ocean
bottom has been discovered, and there is a possibility that this
represents an additional means of transport for large quantities of
sediment.

SUPPORTED BY U.S. National Science Foundation

1.0123, DISSOLVED QRGANIC PHOSPHORUS IN NATU-
RAL WATERS

EJ. KUENZLER, Univ. of North Carolina, School of Public
Health, Chapel Hill, North Carolina 27514 (AT(40-1))

The objectives of this proposal are to continue seeking
techniques for identificati ~n of the major components of the dis-
solved organic phosphorus (DOP) pool in natural waters, to in-
vestigate the seasonal distribution of DOP compounds, and to ex-
amine the nature of the DOP eiiminated into the medium by cul-
tures of planktonic algae. The geographical and seasona! changes
in total DOP are partially known but the chemical compounds
making up these pools are completely unknown. Prior work has
shown that the DOP present in natural sea waters consists of
several important components. The DOP eliminated by healthy
algae in pure culture also consists of several components but it is
not yet known whether these are the same as occur in natural
waters. This project began in 1965 and should be completed in
1970. To date methods have been developed for concentrating,
purifying, and separating organic phosphorus compounds from
natural waters and from unialgal cultures. Radioactive phosphate
in culture media is taken up by algae and partially eliminated as
labeled DOP. This permits measurement of rates of DOP elimina-
tion under various environmental conditions. The next steps are
the final identification of these compounds, the delineation of
their spatial and seasonal distributions, and investigation of their
ecological significance.

SUPPORTED BY U.S. Atomic Energy Commission

1.0124, STRONTIUM ISOTOPE COMPOSITION AND
TRACE ELEMENT CONCENTRATIONS IN LAKE HURON
AND ITS PRINCIPAL TRIBUTARIES

G. FAURE, Ohio State University, Graduate School, Columbus,
Ohio 43210

Concentrations of the major cations: Na, K, Ca, and Mg and
Sr were determined for 64 samples of surface water from Lake
Huron and for 17 of its major tributary rivers. For addition,
isotopic compositions of strontium were measured for 30 samples
of lake water and for 13 of the tributary rivers. Concentrations of
dissolved iron and total phosphorous were determined for a small
suite of lake and river water.

The data documents important differences in the chemical
composition of water discharged into Lake Huron by Lake Su-
perior, Lake Michigan and tributary rivers. These differences are
related to differences in the chemical and mineralogical composi-
tion of the bedrock underlying the Great Lakes drainage basin.
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The strontium contributed to Lake Huron by water draining
the Canadian Shield along its northern shore is enriched in
radiogenic Sr87. The average Sr87/Sr86 ratio is 0.718, The rivers
draining sedimentary rocks of Michigan and southwestern On-
tario contribute strontium whose isotope composition is similar to
that in the modern oceans and has a Srg’//SrS ratio of 0,710.

A geochemical model is presented which attempts to
represent the chemical composition of water in Lake Huron as a
mixture of the different types of water discharged by different
sources.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Ohio State University

1.0125, CHEMICAL FEATURES OF THE SUBARCTIC
BOUNDARY IN THE NORTHERN PACIFIC OCEAN
K. PARK, Oregon State University, Graduate School, Corvallis,
Oregon 97331

It is proposed to study the chemical features of the unique
oceanographic phenomenon in the North Pacific, the confluence
of Subarctic and Subtropic waters. The four specific objectives
ace: {1) Chemistry of the subarctic boundary - to investigate the
chemical make-up and history of the Subtropic and Subarctic
waters near the Subarctic Boundary. The data arising will help to
understand the nature and mixing of the two water masses as they
move eastward from near Japan. (2) Deep-sea chemical proper-
ties near the Subarctic Boundary - to study the deep-sea gas
nutrient interrelationships underneath the Subarctic Boundary.
(3) CO2 Sink near the Subarctic boundary - to learn about the
air-sea exchange of CO2 over both the Subarctic and Subtropic
regions. (4) Chemical reference for hydrochemical data from the
Subarctic boundary - to establish a reference to intercompare the
hydroachemical of Japan, U.S.S.R., Canada, and the U, S. aiready
obtained from the Subarctic boundary regica. Three cruises are
planned for the study. The first cruise is for a study of the micros-
tructure of the boundary; the second to establish a chemical-con-
diticns reference for winter; and the third is for an intensive study
of the entire Subarctic boundary region from near the west coast
of the U. 8. to Japan. These studies will contribute to the national
oceanographic program by providing important information for
an understanding of the complex features of the North Pacific.

SUPPORTED BY U.S. National Science Foundation

1.0126, CHEMICAL PROPERTIES OF SEA WATER AND
THEIR USE IN STUDIES OF WATER MASSES AND MIXING
R. PYTKOWICZ, Oregon State University, Graduate School, Cor-
vallis, Oregon 97331

Objective: The increasing use by the Navy of relatively per-
manent surface, subsurface, and bottom-mounted installations in
both its R&D and its operational activities requires a better un-
derstanding of the chemically corrosive environment in which
these activities occur. This research is providing fundamental in-
formation on the chemical properties of sea water in the NE
Pacific, on the variability of these properties in space and time,
and on the chemical changes across the air-water and water-sedi-
ment interfaces. In addition, this same information is being used
in studies of water mass movements, and diffusion and mixing
processes.

Approach: Shipboard field-observation programs will be car-
ried out to determine the distributions aud concentrations of car-
bon dioxide, oxygen, phosphates, nitrates, and silicates during the
winter months when upwelling is absent and again during the
spring and summer when upwelling is present. The amount of dis-
solved gas in the upwelled water mass sheuld be a distinctive pro-
perty and will be used to trace the downward and seaward motion
of this water mass after it leaves the upwelling area.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0127. RESEARCH ON THE PHYSICAL CHEMISTRY OF
CHEMICAL REACTIONS IN SEA WATER

R.M. PYTKOWICZ, Oregon State University, Graduate School,
Corvallis, Ciregon 87331 :
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A study will be made of the application of the newly deter-
mined apparent dissociation constants of phosphoric acid in sea
water to revise existing data on the solubility of apatites and to
compare these data with ionic products in the oceans.

The determination of the apparent dissociation constants of
carbonic and boric acids will be extended to 1,000 atmospheres
and O degrees C.

A study will be made of the solubility and rates of solution of
foraminifera in sea water as a function of pressure to verify earlier
data on simpler solid phases and to better understand the com-
pensation depth.

Complexes formed by ions in sea water will be studied over
ranges of temperature and pressure that reproduce conditions
found in the oceans. Initial emphasis will be on sulphate com-
plexes and, if time permits, bicarbonate and carbonate complexes
will also be studied.

SUPPORTED BY U.S. National Science Foundation

1.0128, MARINME BIOLOGY PROGRAM
F.G. LOWMAN, Univ. of Puerto Rico, U.S. Aec Pu. Ri. Nucl. Ctr.
, Mayaguez, Puerto Rico

In this program, begun at PRNC in Jan. 1962, the distribu-
tion and movements of trace elements is being studied in
restricted but complete ecological and biogeochemical systems in
river basins and offshore along the western coast of Puerto Rico.
The program is concerned with coordinated investigations of
selected trace elements, with analyses; concentration factors in
selected organisms for particular radionuclides; the marine
ecosystem; biological productivity; studies of the physical, chemi-
cal, ancd geologicai oceanography of the west coast of Puerto
Rico, and distribution patterns of rare earths in the Anasco River
watershed, the neighboring marine waters, the organisms and
sediments.

Published results include papers on stable scandium as deter-
mined in sediments, soils and minerals by neutron activation anal-
ysis; distribution of trace elements in the marine environment; ef-
fects of river outflow on the distribution pattern of fallout
radionuclides in marine organisms; distribution and partitioning
of Fe, Zn, Sc, and Sm within the benthic community of Anasco
Bay, P.R.; trace element composition in inshore and offshore
populations; uptake of Zn65 by marine algae, etc.

SUPPORTED BY U.S. Atomic Energy Commission

1.0129, CHEMICAL OCEANOGRAPHY
J.T. CORLESS, Univ. of Rhode Island, Graduate School, King-
ston, Rhode Island 02881 (MONR)

This task includes studies in the following areas of chemical
oceanography: (1) rare e¢arth geochemistry to provide insight into
mechanisms of sea floor evolution; (2) trace elements content of
sea water and phytoplankton; (3) organic phosphate substances
in sea water; (4) biochemistry of silica; (5) effect of pressure on
biochemical processes.

Trace element concentrations in sea water give promise as a
tool for understanding the circulation and dispersion of materials
in the oceans. The fraction of these elements in ionic and in
bound forms needs to be understood if full advantage is to be
taken of this tool as a water mass tracer. The pressure effects on
biochemical processes are pertinent to the Navy’s saturated div-
ing programs such as ‘Man-in- the-Sea.*

SUPPORTED BY U.S. Dept. of Defense - Navy

{V?\lsEoit AN INVESTIGATION OF TRITIUM IN RAIN
T

E. ERIKSSON, Stockholms Universitet, Stockholm, Sweden
(AT(30-1)2458)

The objective of the proposed work is to continue the study
of the meteorological factors which influence the distribution in
time and space of tritium in rainwater and in atmospheric
moisture.

The scientific background to this problem is the observed
fact that the distribution of tritium in precipitation differs cub-
stantially f = “at of e.g. Sr90 although at present their sources
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are common. This difference can be expected because tritium ap-
pears as a part of the water molecule and may be taken advantage
of as an aid in understanding certain parts of the circulation of
water in nature.

The procedure to be adapted is to collect all available data
and study their geographical distribution at various times and
further, if possible, to relate this distribution to the transport pat-
tern of atmospheric water vapor. Further, to 2id the interpreta-
tion, studies of the vertical distribution of tritium in atmospheric
moisture will also be carried out, both in continental environment
and in maritime environment.

So far, it has been concluded from past years’ studies that a
considerable transfer of tritiun from the atmosphere to the
oceans takes place through mass exchange between the sea sur-
face and the atmosphere and that this transport is about two times
larger than the transport by precipitation. This mass exchange
which does not apply to e.g. Sr80 explains in a qualitative way the
present geographical pattern of tritium in precipitation.

SUPPORTED BY U.S. Atomic Energy Commission

1.0131, CHEMICAL OCEANOGRAPHY
E.R. IBERT, Texas A & M University Syster, Graduate School,
College Station, Texas 77843 (NONR)

This task involves studies into the methods of recovery, anal-
vsis and age dating of dissolved and particulate, organic maiter in
the Gulf of Mexico and Caribbean, !eading to determinations of
its origin, distribution and fate. Efforts include the extraction of
organic carbon from sea water aboard ship in quantities sufficient
for carbon- 14 age determinations.

Organic materials in sea water are responsible for surface
films and it is becoming evident that these compounds have a
finite influence on many of the inorganic chemical reactions tak-
ing place in the oceans. This program will provide basic informa-
tion necessary to the understanding of these phenomena.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0132, STABLE CARBON AND OXYGEN ISOTOPE
RATIO VARIATIONS IN THE FLOW TO CARBON AND OX-
YGEN THROUGH NOR.IAL AND POLLUTED AQUATIC
SYSTEMS

P.L. PARKER, Univ. of Texas, Graduate School, Port Aransas,
Texas 78373

The main goal of the proposed research is to develop ways to
use measured variations in stable carbon and oxygen isotope
ratios to solve problems concerning the flow of these elements in
aquatic systems. By investigating both normal and polluted
systems a better understanding of both will result. Rivers, lakes
and marine bays are aquatic systems which would be studied.
However, single species of organisms, sewage systems and indus-
trial glants also have a flow of carbon and oxygen and would be
suitable for study.

In addition to the stable isotope studies the total amount of
dissolved and particulate organic matter in area waters will be in-
vestigated. The organic geochemical studies which have been
conducted here for the past. three years will be continued.

SUPPORTED BY U.S. National Science Foundation

1.0133, PHYSICAL AND RADIOLOGICAL CHEMISTRY
OF OCEAN SOLUTIONS
R.W. PERKINS, Battelle Memorial Institute, Richland, Washing-
ton 99352

The many radionuclides from fallout, cosmic ray spallation,
reactor waste disposal and natural sources, although at extremely
low concentrations, are excellent tracers for physical studies of
the oceans. Hanford techniques of sufficient sensitivity are availa-
ble. When combined with neutron activation analysis, these make
possible studies of the trace elements present in oceans and the
reactions in which they participate. The chemical processes in the
oceans, the existing chemical equilibria, and the reaction rates
and mechanisms will be studied. The behavior of fallout material
and of low level radioactive tracers will be clarified. The various
forms - ionic, colloidal, chelate, particulate, or incorporated into




biological material will be determined, Automatic equipment will
be installed and used on oceanographic research ships.

Studies of radionuclide and trace element concentrations,
physical and chemical forms were made on the Oregon coast and
across to Hawaii. Mn-54, Co-60, Ru-i06, Cs-137 und Ce-144 in-
creased two-to threefold in the first half of the voyage then
decreased to about one-half of the west coast concentration at
Hawaii. Cs-137 up to 500 miles off the California coast showed
relatively uniform surface concentrations dropping to 2 to 3% at
300 meters. A study of contamination associated with sampling
led to improved techniques; an all-plastic sampler was built.
Trace elements were simultaneously determined in organisms by
neutron activation and multidimensional gamma-ray spec-
trometry. Squid and lantern fish concentrate Ag. Neutron activa-
tion proved useful for trace clements in deep sea sediment.

SUPPORTED BY U.S. Atomic Energy Commission

1.6134, CHEMICAL OCEANOGRAPHY
T. JOYNER, U.S. Dept. of Interior, Biological Laboratory, Seat-
tle, Washington 98102

Phase 1. Development and evaluation of techniques for the
measurement of trace elements in sea water and marine organ-
isms.

Phase 11. Application of trace element measurements to the
detection of heterogeneity in water masses and the determination
of the patterns of circulation and mixing in coastal and oceanic
waters.

Phase 111. Evaluation of the effects of variations in environ-
mental proportions of trace elements on the production and
ecological organization of marinie life. This wili be based upon (1)
controlled experimentatior. in laboratory cultures and (2) direct
observations made at sea.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.0135, STUDIES OF OXYGEN-FREE, SULFIDE-BEAR-
ING MARINE ENVIRONMENTS

F.A. RICHARDS, Univ. of Washington, Graduate School, Seattle.
Washington 98122

The observations will be designed to elucidate the following
unique features of anoxic environments: (1) Dentrification, with
the removal of nitrate and nitrate ions and the produ-tion of N2;
(2) Sulfate reduction, with the production of sulfides and other
reduced forms of sulfur and the occurrence of low redox poten-
tials; (3) Anerobic fermentation with the production of methane
and possibly other hydrocarbons and hydrogen; (4) Extraor-
dinarily large concentrations of carbonates in solution, high al-
kalinity values and low pH values; (5) The accumulation and
preservation of relatively large concentrations of organic matter
in the sediments, which are not reworked because benthic organ-
isms are eliminated by the sulfides; and (6) The maintenance in
?%lution or the authigenic precipitation of metals and metal sul-
ides.

Laboratory studies will be carried out to investigate (1) A
stoichiometric model for the decomposition of organic matter in
the sea in general and especially in anoxic environments; (2) A
mathematical model for the vertical distribution of organic
decomposition products, of sulfides, and dissolved oxygen which
accounts for interactions between sulfides and oxygen; (3) The
effects of the conditions in these environments on the alkaline
components; (4) The kinetics of reactions between solutions of
oxygen and sulfides, and (5) The effects of sulfides and low oxida-
tign-reduction potentials on the solubility of metals and their solid
phases.

SUPPORTED BY U.S. National Science Foundation

1.0136, CHEMICAL STUDIES OF THE OCEANIC EN-

VIRONMENT
F.A. RICHARDS, Univ. of Washington, Graduate School, Seattle,
Washington 98122 (NONR)

Objective: The Navy's man-in-the-sea activities and un-
derwater de:velopment of systems and equipment require funda-
mental knowledge of the occurrence in the sea of reducing sub-

1. PROPERTIES OF WATER

stances, toxic gases and trace metals in order to be able to un-
derstand and predict their effects on both man and objects. This
investigation of the chemistry of the Pacific Ocean inclndes tue
chemical tracing of water masses; the chemical control on the
biological regime and its effects on plankton and other sound
scattering organisms; the chemistry of oxygen-deficient environ-
ments; and the chemistry of trace metals observed in a variety of
environmental influences.

Approach: This is 2 field and laboratory investigation to
determine and explain the distributions of the chemical con-
stituents of sea water. Both quantitative and qualitative analyses
are being made of water samples collected from different oceanic
areas. Comparisons are being made of the waters off the Washing-
ton and Oregon coasts where the Columbia outflow and upwelling
occurs and in contrasting biologically poor and rich ocean regions
of Central America and Peru. The trace metal content of waters
in the Peru Trench and Mexican Trough is being measured as a
means of determining age, transport, rate of replenishment and
exchange of these waters.

SUPPORTED BY U.S. Dept. of Defense - Navy
1C. ELECTRICAL PROPERTIES

1.0137, INDUCTION IN THE OCEAN
C.S. COX, Univ. of California, Scripps Inst. of Oceanography, San
Diego - La Jolla, California 92038 (NONR)

The objective of this research is to measure electric and "ag-
netic field variations at the ocean bottom and to infer from these
data something about: (1) large-scale watermass motions, anc (2)
the composition and thermodynamic properties of rocks in the
earth’s upper mantle. Techniques and equipment for making the
required measurements are being developed and tested. Special
measurement programs on the geo-magnetic equator are planned
for this year of? the coasts of Peru and India.

Information concerning fluctuations in the earth’s magnetic
field requires an understanding of the interrelations between the
geo-magnetic field variations and ocean currents. In addition, the
potential use of the earth’s crust as 4 transmitting medium for
communications purposes is presently being expiored. Evaluation
of this potential use requires information about the electrical pro-
Berties of the earth’s c:ust and upper mantle. This program will

elp provide such information and understanding.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0138, ELECTROMAGNETIC NOISE MEASUREMENTS
IN THE SEA
M, GINKLE, \J.S. Navy, Underwater Sound Lab. , New London,
Connecticut

To measure electromagnetic characteristics of the ocean.
Measure electromagnetic noise at the surface of the sea and in the
sea as a function of frequency, time, weather, geographic loca-
tions, ocean depth and proximity to the bottom and shore line.

Approach: Surface Ship Measurements - Measure simultane-
ously the electromagnetic noise in the atmosphere immediately
above the sea surface and the noise in the sea to depths of 200
feet using surface vessels as measuring platforms. Deep Research
Vehicle Measurements - Measure electromagnetic noise in the
sea at depths greater than 200 feet using underwater research
vehicles (DRV’s) as measuring platforms.

Ocean Bottom Measurements - Measure electromagnetic
noise near and at the bottom of the sea using the ocean bottom or
moored buoys as the measuring platform.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0139, MEASUREMENT AND INTERPRETATION OF
MOTIONALLY-INDUCED ELECTRIC FIELDS IN THE. SEA
T.B. SANITORD, Woods Hole Oceanographic Inst. , Woods Hnle,
Massachusetts 02543 (N00014-66-C0241))

Measurements of changes in the oceanic environment are
necessary to the development of environmental prediction net-
works. This research should develop means of continuously moni-
toring the transport of water by ocean currents over long time
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periods, thereby providing measurements of one key environmen-
tal parameter.

This work is concerned with the interpretation of measure-
ments of electric and magnetic signals which are caused by
oceanic flow. The effort mainly consists of a series of related field
experiments. In order to obtain continuous information about the
flow between widely spaced current meters, electrodes are being
developed for attachment to the same moorings as the current
meters. The potential difference between electrodes gives a mea-
sure of the volume of water flowing between them. Using elec-
trodes attached to a submarine cable crossing the Florida Straits,
between Jupiter Is., Fla. and Grand Bahama Is., a very long time
series of fluctuations in the flow through the Straits will be ob-
tained and interpreted in terms of natural phenomena. It is ex-
pected that this information will aid developing a predictive
model of this flow.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0140, CRITICAL TABLES ON THE ELECTROCHEMI-
CAL PROPERTIES OF INTERFACES
J. LYKLEMA, Landbouwhogeschool, Wageningen, Netherlands

The properties covered in this project are the capacitance or
charge of the electrical double layer, electrocapillarity curves,
electrokinetics including surface conductance and points of zero
charge for all well-defined species that can be obtained
reproducibly.

Three reports have been received: an uncritical compilation
of references in December 1965, a first selection of the references
in October 1966, and recently a report containing a first selection
of critically evaluated data. Included were a) double layers on
systems other than metals, mercury or semiconductors; b) elec-
trokinetic properties such as electrophoretic mobilities, streaming
potentials and electroosmosis; c) points of zero charge. The data
will be critical reference data of wide use in the study of natural
and manufactured colloidal systems and of interfaces in elec-
trolytic solutions such as seawater.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.
1D. GENERAL AND MISCELLANEOUS PROPERTIES

1.0141, OCEAN DYNAMICS IN THE STRAITS OF
GIBRALTAR AND ADJACENT AREAS

T. LAVASTU, U.S. Navy, Postgraduate School, Monterey, Califor-
nia 93941

To determine those environmental factors affecting acousti-
cal uses of the ocean; to categorize strategic areas into similar
acoustical provinces. To provide scientific background
knowledge for improvement of synoptic oceanographic
analyses/forecasting models which provide environmental sup-
port to submarine and antisubmarine warfare forces.

Study tidal, synoptic, reasonal and secular changes in
oceanographic conditions in the Strait of Gibraltar and adjacent
seas and make a dynamic computerized model. Procure all availa-
ble hydrographic data from the area in cooperation with the
Spanish Oceanographic Institute (SOI) and analyze at FNWF
using existing computer programs. To monitor the flow into and
out of the Mediterranean by measuring the potentials in
telephone cables across the Strait.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0142, GCEANOGRAPHIC RESEARCH
E.C. LAFOND, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To determine those environmental factors affect-
ing acoustical uses of the ocean, to predict the effects of variabili-
ty in properties of the surface layers of the sea affecting salinity,
sound speed, microbubbles, gas content. Chemical and giological
(except sound scattering) factors, water snotion (orbital, tidal,
turbulence, internal waves) and other dynamic processes; to ob-
serve and develop theory and models for predicting underwater
sound propagation using deep ocean water paths including near-
bottom phenomena.
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Approach: Collect physical oceanographic data over depth
time and space using the NUWC Oceanographic tower, buoys,
ships, airplanes, deep submersibles and bottom mounted equip-
ment to investigate the nature of changes in thermal structure,
water density, chemistry and motion as related to underwater

.acoustics; obtain descriptive and statistical relations between

thermistor chain data and geographic location, depth of water,
tide currents, upwelling, island wakes, water masses, storms,
seasonal and biological growth data; conduct deep sea expedi-
tions and joint investigations with other nations.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0143, OCEANOGRAPHIZ RESEARCH - INVESTIGA-
TIONS WITH THERMISTOR CHAIN

O0.S. LEE, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To determir.e those environmental factors affect-
ing acoustical uses of the ocean. Observe and develop theory
models for predicting underwater.sound propagation using deep
ocean water paths. Cevelop theory to predict water motion, espe-
cially internal waves in the deep ocean.

Approach: Obtain descriptive and statistical relations
between thermistor chain data and geographic location, depth of
water, tide, currents, upwelling, island wakes, water masses,
storms, season and biological data; conduct deep sea expeditions
and joint investigations with other nations and activities.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0144, SEAWATER/SEDIMENT/BICLOGY MONITOR-
ING PROGRAM
W.A. ANIKOUCHINE, Oceanographic Services Inc. , Santa Bar-
bara, California93105

OONO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Continental Qil Company

1.0145, DETERMINATION OF EQUATION OF STATE,
VISCOSITY AND COMPRESSIBILITY OF SEA WATER

W. DROSTHANSEN, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124 (NONR)

Objective: A fundamental understanding of the physical
chemistry of sea water and its physical properties is necessary to
support the development and use of oceanographic instruments in
Navy surveys, in more accurately determining ocean current
structure from mass distributions, in understanding acoustic
propagation influencing detection and communication systems,
and operating machinery and equipment in naval underwater
facilities. The aim of this research is to develop an accurate equa-
tion of state for sea water and obtain a better understanding of the
structure of sea water mixtures.

Approach: The viscosity and isothermal compressibility of
sea water are being measured as functions of temperature and
salinity. Laboratory experiments are being conducted covering a
range of temperature from O to 40 degrees centigrade; salinity
from O to 40 parts per thousand; and pressure from One to 50 at-
mospheres. Autificial sea water of varied salinity is being in-
vestigated first, followed by actual sea water samples from a
variety of geographic regions.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0146, SHALLOW WATER OCEANOGRAPHY (SEALAB
I1I)
G.B. DOWLING, U.S. Navy, Mine Defense Laboratory, Panama
City, Florida 32401
Objective: To determine those environmental factors affect-
irg undersea uses of the ocean. Investigate shallow water parame-
ters affecting MAN-IN-THE-SEA including SEALAB support.
Approach: Conduct physical oceanographic experiments
while an inhabitant of SEALAB lll. Emphasis is placed on use of
instrumentation and the recording of useful quantitative data
utilizing the judgment and flexibility provided by an in-situ
scientist.
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SUPPORTED BY U.S. Dept. of Defense - Navy

1.0147, HYDROGRAPHY OF APPALACHEE BAY
K. WARSH, Florida State University, Graduate School, Tallahas-
see, Florida 32306

Measurement of the physical environment of the Florida
State University Marine Laboratory on Appalachee Bay. Moni-
toring of currents and salinity and temperature changes in the
bay, winds, rainfall, tides, and solar radiation.

SUPPORTED Y Fiorida State University

1.0148, INVESTIGATE SEASONAL VARIATIONS, SUR-
FACE WATER TYPES, HAWAIIAN AREA (KOKO HEAD)
G.R. SECKEL, U.S. Dept. of Interior, Bureau of Comm. Fishe-
ries, Honolulu, Hawo$i 96812

Theory shows that processes which determine t; & tempera-
ture and salinity, directly affect their rate of change. At any loca-
tion, the annual variation of these processes, the net heat
exchange across the sea surface and processes associated with
water motion (advection and diffusion), is characteristic of that
location. Hence, at such a location the rate of change of tempera-
ture and salinity also varies in a characteristic manner during the
year.

A first approximation of the processes which determine the
temperature and salinity in the Hawaiian Islands area has been
made (Seckel, 1962, Fish. Bul. 193). It is therefore possible to in-
terpret variations in the rate of change of temperature and salinity
at Koko Head, Oahu, in terms of changes in the annually repeat-
ing processes which are characteristic of Hawaii,

To refine this method, the seasonal variations of water types,
defined by temperature and salinity, are monitored on a continu-
ing basis and will be linked with results of project 131.8G,
‘dAne;lyze and publish basic data from pilot study (analytic stu-

ies).*

On the basis of the first order approximation, temperatures
and salinities monitored at Kuko Head, Oahu, are used to predict
?l favorable or unfavorable environment for skipjack fishing in

awaii.

SUPPORTED BY US.S. Dept. of Interior - Bu. Comm. Fish.

1.0149, PHYSICAL PROPERTIES OF SEA WATER AT
PRESSURE

E.M. STANLEY, U.S. Navy, Ship Research & Dev. Center, An-
napolis, Maryland

Objective: To determine those environmental factors affect-
ing undersea uses of the ocean. Investigate pressure effects on the
physical properties of sea water for use in design of heat exchan-
gers, submersibie motors, speed reducers, and in deep submer-
gence problems.

Approach: Investigate the physical properties of seawater in-
cluding viscosity and thermal conductivity as affected by pres-
sure, Special equipment and the L.aboratory’s high pressure facili-
ty will be used, for instance a rolling ball viscosimeter has been
adapted for operation under pressure pending completion of the
high pressure facility.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0150, PHYSICAL AND CHEMICAL CHARAC-
TERISTICS OF THE UPPER CHESAPEAKE BAY
W.N. SHAW, U.S, Dept. of Interior, Biological Laboratory, Ox-
ford, Maryland

Physical characteristics (temperature, current speed and
direction, tidal fluctuations, exchange rates and volumes) of local
waters and in large man-made salt water ponds are being and will
be determined. Chemical characteristics (salinity, oxygen,
phosphate, nitrate, etc.) of local waters and in artifical ponds are
being and will be determined. Chemical and physical factors of
bottom sediments in natural waters and in artifical ponds will also
be determined. Information provides baselines to evaluate effects
of environmental extremes on commercial shellfish in natural
waters and in laboratory experiments.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
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1.0151, OCEANOGRAPHIC RESEARCH
A.T. JAQUES, U.S. Navy, Ordnance Laboratory, Silver Spring -
White Oak, Maryland

To study the oceanographic environment and its effects on
naval systems.

Assist in adaptation of sonobuoys to the measurement of un-
derwater sound reverberation and backscatter.

Investigate fluctuation of shallow water sound propagation
and look for causative factors.

Measure seismic signatures of ships.

Measure pressure background on the bottom in various geo-
graphic areas.

Study optical transmission, scattering and background in
representative ocean arcas down to great aepths,

Study effect of ocean currents on submerged bodies.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0152, FORMATION OF ANTARCTIC BOTTOM
WATERS
H.M. STOMMEL, Mass, Inst. of Technology, Graduate School,
Cambridge, Massachusetts 02139

Massachusetts Institute of Technology proposes to in-
vestigate the temperature, salinity, and dynamics of water, par-
ticularly bottom water, in the Weddel Sea Antarctica. Almost all
temperature changes in the oceans occured at the air-water boun-
dary. Cold ocean water must form only in the polar regions, as
surface waters elsewhere have temperatures above the world
oceans' potential temperature of about 3.5 degrees C. The Wed-
dell Sca area has been suggested as a major source of the cold bot-
tom water of the world oceans. MIT, in cooperation with the In-
stitute of Geophysics, University of Bergen, Norway, would em-
place four submerge buoys instrumented for measur¢ments of
currents and temperatures on the sea bottom during January
1968. Multiple sea-water samplers would also be placed on two of
the submerged systems to obtain a series of water samples during
the Antarctic winter. The data that would be obtained from suc-
cessful recovery of these instruments in January 1969 would help
to determine when and at what intervals cold bottom water is
formed, and at what critical density- temperature-salinity rela-
tionships the sinking of surface water is initiated.

No MIT personnel will go to the Weddell Sea. Two Norwegi-
an scientists will be on the U, S. icebreaker Glacier.

SUPPORTED BY U.S. National Science Foundation

1.0153, PROPERTIES OF SEA WATER
A.L. BRADSHAW, Woods Hole Oceanographic Inst. , Woods
Hole, Massachusetts 02543 (N00014-66-C()241)

Work under this task is being directed towards morc accu-
rate determination of the basic physical propertics of sea water,
thermal expansion and volume conpressibility. This work is in
part intended to supnort the future development of techniques of
field measurements by providing accurate and complete measure-
ments of basic properties. A device to measure the microstructure
of conductivity and temperature in the ocean is being developed.

More precise knowledge of these physical parameters in the
ocean are vital to several Naval activities including large scaic
surveys.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0154, GREAT LAKES RESEARCH - CHARAC-
TERISTICS OF LAKE WATER
A.P. PINSAK, U.S. Army, Lake Survey, Detroit, Michigan 48226
The rescarch involves collection, analysis, and interpretation
of data pertaining or related to physical and chemical charac-
teristics of the fresh water in the Great Lakes, including radiclogi-
cal contamination and sound propagation; definition of those
water properties which may be utilized as indices of water charac-
teristics and quality; and installation of permanent automatic
monitor stations. The broad objectives are to investigate short
term variations in water quality and properties, including the fac-
tors causing these variations, and to determine and monitor the
long term trends. Energy budgets and chemical budgets will be
developed to explain evaporation, lake currents and other physi-
cal variables.
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Systematic collention of data on physical and chemical water
characteristics, bot'um sediments, meteorological parameters,
and wave observations was performed during summer and fall
1965 in Lake Erie and in Lake Huron during the open water
scuson 1966. A similar program will be ca. ried out in the eastern
basin of Lake Superior during the 1968 open water season.
Reduction, analysis and publication of data from Lakes Erie and
Huron is in progress.

SUPPORTED BY U.S. Dept. of Defense - Army

1.01585, (A} ANNUAL SUPPLY OF PARTICULATE
MATTER IN THE GREAT BAY ESTUARY (B) LATE
PLEISTOCENE HISTORY OF THE GREAT
P ANDERSON, Un'v. of New Hawnpshire, Graduate School,
Durham, New Hampshire 03824

(A) Sea water sumples have been collected on a bi-monthly
basis from the Great Bay Estuary since December, 1967. Total
particulate matter, particulate carbon, salinity, temperature, and
current velocities have becn obtained. These data are being re-
Iated to the factors that affect the particulate matter in estuaries.

(B) Sixty Gravity Cores have been collected from the Great
Bay Estuary, New Hampshire and are being processed for texture,
composition and Foraminifera. These data, in conjunction with
sclected C14 dates should ¢nable the investigator to inte. pret the
Pleistocene evolution of the estugrine system.

SUPPORTED BY University of New Hampshire

1.0156,  PIIYSICAL AND CHEMICAL PROPERTIES OF
THE SHELF AMD SLOPE WATERS OFF NORTH
CAROLINA
U. STEFANSSON, Duke University, Graduate School, Durfiam,
North Carolina 27706

This is for the continuation and completion of studies now in
progress of the physical and chemical properties of the waters on
the continental shelf and in the slope region off North Carolina.
The continuing research includes: (1) examination of the
acquired cata in relation to meteorological factors and processes
affecting the rencewal of the shelf waters, (2) study of biochemical
relationships in Gulf Stream waters and deep and bottom waters
of the Hatteras Basin, and (3) investigations of organic and par-
ticulate phosphorus and particulate aluminum and iron in the
shelf area for studying the distribution of runoff water.

SUPPORTED BY 1).8. National Science Foundation

1.0157, PHYSIOCHEMICAL AND ACOUSTIC PROPER-
TIES OF SEA WATER

D.N. CONNORS, U.S. Navy, Underwater Weap. Res. & Eng. ,
Newport, Rhode Island 02844

Technical Objective: (1) Determination of the heat of mixing
in sca water between minus 2 degrees C and 25 to 30 C and esti-
mate its cffect on thermal structure of upper layers of the ocean.
(2) Develop techniques and instrumentation for measuring par-
tial conductance of salts in sea water and another comparable
solution. (3) Mcasurement of the partial conductances of sodium
and petassium chlorides and sulphates and salts of the divalent ca-
tion magnesium and calcium in sea water and comparable solu-
tion, as a function of pressure and temperature. (4) Estimate
specific and nonspecific interactions of the above salts and their
effect on velocity of sound in sea water as a function of pressure
and temperature. (5) Detcrmination of in situ density anomaly
from conductance measurments for nonconstancy of composition
in sca water.

Approach: Mcasurements will be conducted on the heat of
mixing at approximately O degrees C, as a function of concentra-
tion, and on two selected concentrations, measurements of heat
of mixing from approximately 0 degrees C to 25-30 degrees C.
Evaluations will be made of several high pressure set-ups. Prelimi-
narly work will be done on the design and fabrication conductance
cells.

SUPPQRTED BY U.S. Dept. of Defense - Navy
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1.0158, BIOLOGICAL AND CHEMICAL STUDY OF VIR-
GINIA’S ESTUARIES

M.L. BREHMER, Virginia Inst. of Marine Sci. , Gloucester, Vir-
ginia

Virginia’s three major estuarine systems--the James, the
York, and the Rappahannock--exhibit different biological charac-
teristics both within and between years. These differences have
been noted in phytoplankton populations; in shellfish reproduc-
tion, growth, and condition; and in finfish populations.

This study will compare the biological, chemical, and physi-
cal characteristics of the three systems. Stations will be occupied
at 5% intervals from 25 to less than 0.5% in each river at slack be-
fore flood tide. Water samples will be collected at 2 m intervals
from surface to bottom and the water column described by tem-
perature, salinity, dissolved oxygen, pH, alkalinity, chlorophyll,
suspendud solids (loss on ignition and fixed residue), trans-
parency, phosphorus (soluble reactive, soluble unreactive, par-
ticulate reactive, and particulate unreactive), and nitrogen (solu-
ble organic, ammonia, nitrite, nitrate, and particulate organic).
Primary productivity levels will be determined.

Nutrient levels and turn-over rates, phytoplankton standing
crop and productivity, and the dependent and independent physi-
cal and chemical characteristics of the three systems will be com-
pared. Data collected by the shellfish and finfish departments at
the Institute will be utilized to complete the analyses.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Virginia Institute of Marine Science

1.0159, INTERNATIONAL NGRTH PACIFIC FISHERIES
COMMISSION SUBARTIC OCEANOGRAPHY
F. FAVORITE, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

Occanographic measurements of temperature and salinity
versus depth and ocean currents are made in the subarctic region
of the North Pacific Ocean from the BCF research vessels George
B. Kelez and Miller Freeman. Interrelationships among the physi-
cal water properties, ocean currents, and sockeye salmon dis-
tribution are investigated and reported to the International North
Pacific Fisheries Commission. Local coastal areas are surveyed to
establish criterion that will permit prediction of environmental
conditions. Participation in cooperative oceanographic surveys is
scheduled with other BCF laboratories, universitites, and national
and international agencies.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.0160, PHYSICAL OCEANOGRAPHY
W.B. MCALISTER, U.S. Dept. of Interior, Biological Laboratory,
Seattle, Washington 98102

Work in physical oceanography consists of two subprojects:
1. Physical and mathematical models of the oceanic processes in
the North Pacific Ocean are constructed and examined to obtain
insight into the dynamic response of the ocean to the forces acting
upon it. Both long term response, and short term departures from
average conditions are examined. Il. Instrumented field observa-
tions and model tests are designed and performed. This has in-
cluded design and operation of buoy platforms instrumented with
oceanographic sensors, telemetry and data recovery and data
lo%ging systems including satellite positioning and satellite data
relay.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.0161, OCEANOGRAPHIC RESEARCH
T. EWART, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Objective: Provide essential data for design and development
of Naval systems and develop techniques for optimum per-
formance and effectiveness of such systems. Investigate the
horizontal variations of oceanographic parameters, with particu-
lar emphasis on temperature, as related to the ocean’s acoustic
properties. Relate these variations to gross environmental fea-
tures which Navy presently has some capability for predicting in
an c¢ffort to extend the prediction capability.




Approach: Primary data source is the Self-Propelled Un-
derwater Research Vehicle (SPURV) which is a torpedo-like in-
strument carrier capable of extended cruising at any depth
between surface and 12,000 feet. The sensing systems provide for
measurement of temperature, sound velocity, pressure, conduc-
tivity, and turbulence. Supplemental vertical oceansggraphic mea-
surements are also made. Understand the basic oceanographic
processes which determine the character of the horizontal tem-
perature spectrum and the relationship to acoustic propagation,

SUPPORTED BY U.S, Dept. of Defense - Navy
1E. OPTICAL PROPERTIES

1.0162, MID-DEPTH BIOLUMINESCENCE
B. BODEN, Univ, of California, Graduate School, San Diego - La
Jolla, California 92038

Bioluminescence at sea has been studied for many years, but
no standardized, quantitative methodology had been developed
until very recently. This investigator is utilizing the new approach
which involves the simultaneous use of two photometers and
which operates with a minimum of disturbance to the organisms.
He observes and measures the characteristic patterns of the natu-
ral flashing and determines the relationship of these patterns to
the environmental conditions under which light is produced. He
will also continue his studies of the physiological mechanisms in
crustaceans and other luminescing forms which produce and
receive light.

This research will contribute to our knowledge of the oceanic
environment and will relate especially to the causes and
mechanisms of the distribution of light production in the sea, par-
ticularly among the populations which make diurnal vertical
migrations,

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0163, OPTICAL OCEANOGRAPHY IN FLORIDA BAY,
FLORIDA STRAITS AND BAHAMA BANK

A. IVANOFF, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

This research concerns thhe study of oceanographic
phenomena through the application of optical methods.

The first objective is a study of the relationship between the
particle load of a water mass in shallow water and the dynamics of
wind-stirred waters. The total surface of particles and their size of
distribution will be determined by light-scattering methods. The
areas of research for this objective will be west of Abaco Island
and in Biscayne Bay.

The second objective is a study of the sediment transport
from these shallow-water areas to the deeper oceanic area. Long
time series will be necessary. However, knowledge of an
established relationship in a well-studied area will make it possi-
ble to estimate the year-round transport on the basis of wind ob-
servation alone. The research will be carried out at Bear Cut and
in the area between Bimini and Cat Cay.

The third objective is the study of the mixing of Biscayne Ba
water with the Florida Current. The attenuance meter will be util-
ized to demonstrate the difference of absorption of coastal waters
and oceanic waters. In the course of these studies the ‘black
screen’ attenuance meter will be refined by using photomui-
tipliers.

SUPPORTED BY U.S. National Science Foundation

1.0164, MECHANISM STUDIES ON BIOLUMENESCENT
REACTIONS WITH EMPHASIS ON ENERGY TRANSFFR
PROBLEMS

M.J. CORMIER, Univ. of Georgia, Graduate School, Athens,
Georgia 30602 (AT(40-1)741)

The mechanism by which chemical energy is converted to
light energy is being investigated in several in vitro biolu-
minescent systems. These include luminous bacteria, sea pansies
(Renilla), luminous earthworms, and luminous marine fish. At-
tempts are being made to isolate the enzymes (luciferase) in-
volved so that their properties may be studicd. In addition, at-
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tempts to determine the structures of certain of the substrates (lu-
ciferin) are being made. Where this has been done we find that
the luciferins of marine bioluminescent forms are derivatives of
indole. Furthermore, a model bioluminescent system is being stu-
died consisting of horseradish peroxidase, luminol and H202. In
this case we have found that luminol radicals and H202 (or a
derivative of it) are substrates for the light reaction.

SUPPORTED BY U.S. Atomic Energy Commission

1.0165, BIOLUMINESCENCE
W.D. MCELROY, Johns Hopkins University, Graduate School,
Baltimore, Maryland 21218

A thorough ecological study of a small phosphorescent bay in
Jamaica is being conducted with emphasis on the influence of en-
vironmental factors on the physiology, especially photosynthesis
and luminescence of the phytoplankton. The bay chsoen is in al-
most constant bloom and provides opportunity for continuous
monitoring of temperature salinity, tide, fresh water influx, and
flusing rates, as well as chemical parameters for experimental pur-
poses.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0166, SEA WATER OPTICS STUDIES
J. WILLIAMS, Johns Hopkins University, Graduate School, Bal-
timore, Maryland 21218 (NONR)

The goal is to develop relationships whereby the significant
optical properties of sea water could be cemputed from
knowledge of the concentration size distribution and physical
character of the suspended matter and vice versa. During the
coming year the results to date will be summarized and reported
and this task terminated.

Further knowledge of specific optical properties of sea water
is required for design improvements of systems which require visi-
bility underwatc.. The techniques for utilizing optical methods
that may evolve from this task should aid in determining optical
and particulate characteristics of estuarine environments.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0167, OCEANOGRAPHIC RESEARCH
D.E. MATLACK, U.S. Navy, Ordnance Laboratory, Silver Spring
— White Oak, Maryland
Objective: Measure optical properties of deep occan.
Approach: Utilize self-contained submersible cable
suspended instrument package to measure spectral absorption,
scatter and background visible light for all depths at specific
ocean sites. Utilize results to predict utility of optical techniques.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0168, LIGHT IN THE SEA
H.G. HOUGHTON, Mass. Inst. of Technolegy, Graduate School,
Cambridge, Massachusetts 02139 (NONR)

This project is directed towards developing techniques for
the detection, counting and sizing of oceanic particulates through
the measurement of the light scattering by the particulates. It may
also be possible to deduce the degree of sphericity of the particles
through estimation of their optical index of refraction. Both
laboratory and field studies are planncd. Obscrvations will be
made on the optical transmission of light through the water at
various wave lengths. Also to be examined are the polarization
and angular distribution of the light scattering.

Potential applications of the results of this study are (1) the
use of properties of the scatterers as tracers of water motion, (2)
predictions of the distribution of solar or artificial light in the sea,
(3) possible chemical and biological implications.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0169, FACTORS INFLUENCING THE INTENSITY OF
BIOLUMINESCENCE

F.H. JOHNSON, Princeton University, Graduate School, Prin-
ceton, New Jersey 08540 (NONR)
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1. PROPERTIES OF WATER

The investigator is analyzing the chemical and physical fac-
tors influencing or controlling the brightness of biologically
produced light by two interrelated approaches; the analysis of
variations in light intensity under the influence of temperature,
hydrostatic pressure, chemical inhibitory or activating sub-
stances, concentration of essentia! reactants, etc., and the isola-
tion and determination of the properties, the reactants of the
biological systems for interpretation in kinetic studies.

Bioluminescence is important in operations where visual
search or concealment are critical factors. The light producing
action of many organisms serves also as a means for quantitative
detection of certain trace elements required for luminescence in
some forms.

SUPPORTED BY U.S. Dept. of Defznse - Navy

1.0170, OPTICAYL. MEASUREMENTS
W.M. EWING, Columbia University, Graduate School, Palisades,
New York 10964 (N00G14-67-A0108-0004)

The objectives of this program are: (1) to study, by means of
bottom photographs, the biological and physical properties of and
processes which occur at the ocean bottom; (2) to investigate the
light scattering properties in the ocean; and (3) to make bottom
current measurements. A multipurpose instrument package will
replace individual instruments if tests presently underway are suc-
cessful. This package will provide bottom photographs, bottom
current information, water and sediment temperatures, light
transmission and light scattering data at up to 20 separate loca-
tions on a single lowering.

Naval operations can be made more effective as the nature of
the water-sediment interface at the ocean bottom is understood.
In support of the need for such knowledge, this program will pro-
vide information on the benthcs, texture, and strength of the
ocean-bottom and on the currents and light-transmissivity in the
waters just above the ocean bottom.

SUPPORTED BY U.S. Dept. of Defense - Navy
1F. PRESSURE-DENSITY

1.0171, STUDY OF STABILITY AND SHEAR IN THE TOF
500 METERS OF THE OCEAN
W.S. WOOSTER, Univ. of California, Graduate School, San Diego
- La Jolla, California 92038

The purpose of this study is to measure and describe the
dynamic stability in the upper 500 meters of the ocean at several
locations in the California Currert. The measurement program is
to be carried out by use of a continuous recording in-situ
satinometer (STD) and a set of current sensors. The STD records
permit calculation of the density profile as a continuous function

of depth, while the current sensors determine the vertical shear of

velocity. The combination of these two measurements will deter-
mine the dynamic stability and permit a quantitative description
of the flow regime in and immediately adjacent to the thex-
mocline. This description will be of value in assessing vertical
energy transport, leading to a better understanding of the mixing
and diffusion processes in the vicinity of the thermocline.

SUPPORTED BY U.S. National Science Foundation

1.0172, SHALLOW WATER OCEANOGRAPHY
G.B. AUSTIN, U.S. Navy, Mine Defense Laboratory, Panama
City, Florida 32401

Objective: To determine those environmental factors affect-
ing undersea uses of the ocean. To relate ocean wave power and
directional spectra in the near-shore to causative factors, and for-
mulate means of predicting environmentally caused pressure fluc-
tuations.

Approach: Investigate pressure spectra using in-situ mea-
surements on the ocean bottom and tanks. Investigate waves by
means of sensors at two offshore platforms near Panama City,
Florida, measuring simultaneously the time-space variation in sur-
face wave and bottom pressure and extracting such information
as (1) directional spectra, (2) low frequency coherent line spec-
tra, and (3) the effects of fetch on the sea spectrum within a well-
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defined continental shelf area, Use and extend techniques for in-
vestigating the oceans’ wave spectra at low frequencies, In-
vestigate the environment selectively in time and in space.

SUPPORTED BY U.S. Dept, of Defense - Navy

1.0173, OCEAN PRESSURE RESEARCH
W.P. CHRISTOPH, US. Navy, Ordnance Laboratory, Silver
Spring - White Oak, Maryland

Gather and analyze oceanographic data in connection with
pressure sensitive equipment.

Record pressure background data at selected places in the
Atlantic and Pacific Oceans. Analyse the data such that results
are applicable to equipment placed in the sea. Selected locations:
Frying Pan Shoal, N.C.; Buzzard Bay, Mass.; Argus Island,
Bermuda; off Vancouver Island, Canada (oil drilling rig).

SUPPORTED BY U.S. Dept. of Defense - Navy
1G. THERMAL PROFERTIES

10174, THERMAL WAKE STUDIES

E.F. FLINT, North Amer. Rockwell Corp. , Anaheim, California
Objective: Investigate the thermal discontinuities associated

with internal waves and turbulent wakes of submerged bodies.
Approach: Utilize and advanced underwater research instrn-

ment previously developed under this effort to measure and

analyze the frequency, amplitude, persistence and statistical pro-

perties of thermal discontinuities in the ocean.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0175, PACIFIC COASTAL ENVIRONMENT AS RE-
LATED TO DISTRIBUTION AND ABUNDANCE OF GAME
gll’gﬁ'll‘léls - SE4 SURFACE TEMPERATURE MEASURE-
G.B. TALBOT, U.S. Dept. of Interior, Tiburon Marine Lab. ,
Belvedzre - Tiburon, California 94920

Objective: To determine the sea surface temperature
gradients in selected areas of the eastern Pacific Continental
Shelf. Survey to be conducted in cooperation with the United
States Coast Guard, using an airborne infrared radiometer to pro-
vide a near instantaneous isotherm picture of the coastal sea sur-
face temperature structure.

To develop detailed synoptic information on one important
physical parameter of the marine environment for correlation
with available marine fish catch/effort information.

Procedure: Three sectors of the eastern Pacific Continental
Shelf covering the areas from Cape Flattery, Wash., to Tiliamook
Head, Ore.; Pt. Arena to Pt. Sur, California; and Pt. Conception
to San Diego, California, with an infrared radiometer mounted in
a U.S. Coast Guard aircraft. Sectors to be surveyed monthly with
tracks of 700 to 900 nautical miles in iength. Sea surface tempera-
ture data will be published immediately after each survey in the
form of isotherm charts. Observers will also note and record air
temperature, visual changes in water color, the extent and
direction of convergence lines, location and observed abundance
of marine life (fish and mammals). Survey ‘o be conducted once
each month for an indefinite period.

In FY 1963 experiments were conducied with an airborne in-
frared radiometer on accuracy and repeatability. Airborne water
temperature surveys were made of coastal inshore area from
Mexico tc Cape Flattery.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

1.0176, MONITORING SURVEY AND TIME-SERIES
ANALYSIS OF SUBSURFACE TEMPERATURE IN THE
NORTH PACIFIC OCEAN
J.F. SAUR, U.S. Dept. of Interior, Biological Laboratory, Palo
Alto - Stanford, California

Understanding and prediction of the effects of environmental
conditions on the abundance and distribution of fish requires
knowledge of the distribution of properties beneath, as well as at,
the water surface and the processes by which changes in these




properties cccur. A giaring obrtacle in such research is that sub-
surface data having both time and space continuity are practicaily
non-existent,

It is impractical because of time, cost, and number of ships
required to attempt to obtain such data with oceanographic
research and survey vessels. However, the use of expendable in-
strument systems aboard ships of opportunity, that is, merchant
and other ships whose operating costs are already covered, offers
the poscibility of obtaining highly uscful data at a reasonable cost.
Use of this method should be begun as soon as possible.

There is no precedent for collecting the subsurface tempera-
ture data on a time-series basis as proposed here. The specific
data to be collecied are needed for research by the BCF Biologi-
cal Laboratory, Stanford. It is equally important, however, that
the feasibility of collecting such data from ships of opportunity be
gemonstrated and a particular system be tested on an operational

basis with the data also fceding into the Navy operational
forecasting system.

The objectives are to determine quantitatively the variations
in thermal structure of the upper layers of the water column and
their relation to other oceanographic conditions, such as currents,
and to the local encrgy exchange at the sea surface; and at the
same time to pioncer a joint BCF-Navy effort for producing mu-
tually needed ocean information. The initial step in this is to
establish a pilot study for the collection of time-series subsurface
temperature data using ships of opportunity. Such a pilot project
was started in June 1966 aboard the Matson Navigation Co. ship
SS CALIFORNIAN. Temperature observations to 1500 ft. depth

and at spacing of 100 naut. miles are being obtained about twice a
month from Honolulu te San FRancisco.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.0177, THERMAL PROPERTIES OF SEA WATER AT
LOW TEMPERATURE AND HIGH PRESSURE

D.R. CALDWELL, Univ. of California, Graduate School, San
Diego - La Jolla, California 92038 (NONR)

The objective of this task is to obtain precise measurements
of the coefficient of thermal expansion, the specific heat, and the
thermal conductivity of sea water at low temperature and high
pressure, such as occur in deep water and to apply these to in-
vestigation of processes affecting heat and mass exchanges in the
water layers close to the sea floor. Both laboratory and field mea-
surements are being made. Measurements of water flow at the

bottom involve heated thermistor anemometers mounted on the
Snodgrass-Munk deep sea tide recorders.

There is a recognized need for better fundamental values of
the physical and chemical properties of sea water. Such informa-
tion will contribute to the accurate determination of the speed of
sound in deep water. It will also provide basic engineering

knowledge to support naval systems operating at great depths or
on the sea floor.

SUPPORTED BY U.S. Dept. of Defense - Mavy

1.0178, BATHYTHERMOGRAPH ANALYSIS
M.K. ROBINSON, Univ. of California, Scripps Inst. of Oceanog-
raphy, San Diego - La Jolla, California 92038 (NONR)

The objective of this task is to provide descriptions and
models of the surface and near-surface temperature structure of
the oceans us derived from the analysis of bathythermograms
achieved at Scripps, Woods Hole and the National Oceano-
graphic Data Center. Objective analytical techniques have been
developed and the results of analyses of data from the Pacific, At-
lantic and Indian Ocean are being prepared for publication in
atlas forniat by the U. S. Naval Oceanographic Office. A prelimi-
nary analysis of Indian Ocean hydrographic stations and BT data
is being prepared for publication and analyses of the salinity
structure of the upper layers of the oceans is to be undertaken
based upon hydrographic station data.

SUPPORTED BY U.S. Dept. of Defense - Navy

1. PROPERTIES OF WATER

1.0179, HISTORICAL CHARTS AND INTERPRETATION
OF CHANGES IN SEA SURFACE TEMPERATURE IN THE
NORTH PACIFIC OCEAN

L.E. EBER, U.S. Dept. of Intericr, Ocean Research Lab. , Stan-
Sord, Cdlifornia

Sca surface temperatures (Intake or injection temperature
observations taken by surface ships) provide the only ocean-wide
data with satisfactory long-term continuity from which to infer
historical changes that have taken place in the circulation of the
occan. The construction of monthly sea surface temperature
(SST) charts is thus a necessary step towards understanding the
interrelationship between atmospheric and oceanographic en-
vironments and their effects upon commercial fisheries, following
which the changes in SST between different years can be analyzed
with relation to changes in other environmental conditions.

The objective is to provide basic data for research on
changes in oceanographic conditions by developing and publish-
ing an atlas of mean sea surface temperature for the North Pacific
Ocean and of anomalies from a suitable mean period, month by
month for the period 1949-1962, during which suitable data arc
known to exist. The year 1956 and 1957 were selected for initial
study. Data for each of the 24 months were plotted and analyzed,
and the resulting set of charts were published in the spring of
1962. It was dctermined that the preparation of charts for addi-
tional years would be accomplished more quickly and with im-
proved quality, by switching from manual to machine processing
of the data. This change made feasible the inclusion of refined
editing procedures too lengthy to carry out by hand. The entire
program involves several stages, ending with machine analysis
and charting, using programs developed at the U.S. Navy Fleet
Numerical Weather Facility, Monterey.

Publication of the 14-year series of charts is expected by the
summer of 1968. Continuing work includes the preparation of
monthly normal charts based on the 14-year period of reference
and of anomaiy charts for each month of each year. Charts de-
picting within-month and year-to-year variation also will be
prepared.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

1.0180, EVALUATION OF LOW LEVEL TEMPERATURE

%(I;ADIENTS OVER THE LINE ISLANDS NEAR THE EQUA-
R

W.M. GRAY, Colorado State University, Graduate School, Fort

Collins, Colorado 80521

The purpose of this proposed work is to study the sea-surface
and sub-cloud layer temperature gradients in the vicinity of the
in;g;tropical zone during the Linc Island Experiment in carly
1967.

Measurements will be made using two radiometers mounted
on the Woods Hole Occarniographic Institution’s C-54Q aircraft.
An acrosol counter will be placed on the aircraft also to help
determine the effect of a hazy environment on the radiometric
measurements. The sea surface temperature will be mapped in
the vicinity of the Linc Islands. Values will be checked with other
measurcments made by other groups and using different
techniques. It is hoped to correlate the measurements with other
available synoptic and meso-scale observations to help determine
the cause of observed satellite *cloud blobs'.

SUPPORTED BY U.S. National Science Foundation

1.0181, MILLSTONE POINT TEMPERATURE SURVEY
W. OWEN, Raythcon Company, New London, Connecticut

A 12 hour temperature and salinity survey was conducted at
Millstone Point, Connecticut to document the vertical distribu-
tion of temperature and salinity at each of three stations before
the world’s largest atomic power plant goes into operation next

ear.

Y A similar survey will again be conducted in March 1969.

SUPPORTED BY North East Utilitics Service Company

1.0182, MONTVILLE STATION TEMPERATURE SURVEY
(THAMES RIVER)
W. OWEN, Raytheor Company, New London, Connecticut
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1. PROPERTIES OF WATER

The non-consumptive use of water for cooling the conden-
sors of thermal power stations requires a knowledge of the dis-
tribution of temperature in the body of water used for the pur-

0s€.

d In August, September, and November of 1968, MRL con-
ducted a temperature survey of the Thames River Estuary in the
vicinity of an operating thermal power plant. An average of 130
continuous temperature profiles were made overa 12 hour period
on each of the eight survey days. In addition, meteorological mea-
surements, tide measurements, salinity determinations, and
bathymetric measurements were made.

The data from the survey was presented to the funding agen-
cy in the form of 184 cross section contour maps and 30 planner
contour maps of the temperature data.

SUPPORTED BY Bechtel Corporation

1,0183, THE CONTRIBUTION OF ADVECTION AND
LOCAL HEATING TO THE MAINTENANCE OF THE THER-
MAL STRUCTURE IN THE NORTH PACIFIC OCEAN

K. WYRTKI, Univ. of Hawaii, Graduate School, Honolulu, Hawaii
96822

The thermal structure and the distribution of sea surface
temperature within the mixed surface layer is maintained by the
combined action of heat exchange at the sea surface and of ocean
circulation. The heat exchange changes the temperature locally,
while the circulation by the processes of advection and mixing
redistributes the heat. Since 1948, monthly charts of sea surface
temperature and of the anomaly of sea surface temperature from
the long-term mean have been published for the North Pacific
Ocean, but the interpretation of the origin, redistribution and of
the decay of such temperatures anomalies has not advanced
beyond speculations.

Under this grant, investigations will be made on the interac-
tion between the field of heat exchange, circuiation and tempera-
ture distribution, to establish firm quantitative relations between
these fields, which are suitable for the calculation of the behavior
of anomalies of these fields, and to compare such results with ac-
tual observed situations.

SUPPORTED BY U.S. National Science Foundation

1.0184, THERMAL STRUCTURE
E. SCHROEDER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543 (N00014-66-CO-241)

This program calls for the systematic collection of data from
an oceanographic station off Bermuda that has been occupied ap-
proximately fortnightly since 1954 and for the analysis of the time
series in terms of fluctuations in temperature, salinity and steric

sea level. Analysis of North Atlantic thermal data is a continuing

program. An atlas of smoothed average temperatures at five
levels is being prepared in cooperation with NavOceanO and
Scripps.

The results from this task should provide a better un-
derstanding of long-term changes in the ocean to assist in the
planning of Naval operations and in the development of design
criteria. Work from this task has contributed to the program at
the Naval Numerical Weather Facility, Monterey.

SUPPORTED BY U.S. Dept. of Defense - Navy

1.0185, GREAT LAKES RESEARCH - MONITORING OF
WATER CHARACTERISTICS
A.P. PINSAK, U.8. Army, Lake Survey, Detroit, Michigan 48226

A system of permanent automatic monitor stations will be
developed to continuously measure and record geophysical
processes that affect or are influenced by the Great Lakes and
their environment and to program observations foi timely use in
forecasts and control. As a first phase in this program continuous
automatic water temperature recorders have been installed at 10
sites along the periphery of the U. S. portion of the Great Lakes.
These stations will be removed as the comprehensive monitoring
program develops.

Hourly water temperatures, daily and monthly mean tem-
peratures at each of the ten sites are published regularly.

SUPPORTED BY U.S. Dept. of Defense - Army
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1.0186, CALORIC - AN INVESTIGATION OF HEAT
RELEASE PATTERNS ASSOCIATED WITH PRESENT AND
PLANNED LAKESHORE ELECTRICAL POWER PLANTS
G.J. NEUMAIER, Cornell Aeronautical Lab. Inc. , Buffalo, New
York 14221

The objective of this program is to investigate the thermal
pattern in the vicinity of an existing electrical power station and
to develop a theoretical model for predicting the thermal pattern
that will prevail during the operation of a planned nuclear facility
near an existing plant. This program will provide information for
assessing the influence of the future thermal discharge from the
nuclear plant on lake ecology and for determining the preferred
locations of the intake and discharge tunnels of that plant.

The program consists of three tasks: (1) the development of
a theoretical model of the lake thermal characteristics, (2) mea-
surement of the lake surface temperature distribution using an
airborne infrared radiometer, and (3) the design, fabrication, and
installation and routine maintenance of lake temperature and cur-
rent instrumentation.

SUPPORTED BY United Engineers & Constructors Inc.

1.0187, COLLECTION AND
GCEANIC THERMAL GRADIENTS
M.G. LANGSETH, Columbia University, Graduate School, New
York, New York 10027

The object of this investigation is to continue regular heat
flow measurements from the R/Y Vema and R/V Conrad in an at-
tempt to delineate large areas where the heat flow is low, normal,
or high. In addition, it is hoped that certain areas such as the East
Pacific Rise and the Sigsbee Knolls area of the Gulf of Mexico ~an
be thoroughly investigated with the use of satellite navigation or
anchored buoys to determine the nature of large heat flow varia-
tions over relatively short distances.

A temperature-measuring instrument, the thermograd,
developed at Lamont Geological Observatory, allows the continu-
ous measurement of water temperature from close to the surface
to the ocean bottom and also the thermal gradient of the sedi-
ment. To date, many hundreds of measurements have been made
using this device. Recent results in the East Pacific Ocean show
high heat flow over the East Pacific Rise between Panama and
Hawaii, low heat flow in the Guatamala Basin, about average heat
flow close to Hawaii. Other results in the same area show high
heat flow off the coast of Washington State and a surprisingly
uniform heat flow south of the Mendocino Fracture Zone in a line
between Victoria, British Columbia, and Midway Island.

SUPPORTED BY U.S. National Science Foundation

INTERPRETATION OF

1.0188, TEMPERATURE MICROSTRUCTURE AT THE
OCEAN FLOOR

G. BODVARSSON, Oregon State University, Graduate School,
Corvallis, Oregon 97331

This is a renewal of GP-4642 to make temperaturc measure-
ments at the bottom of the ocean in both the water and the bot-
tom sediments for extended periods of time. Two analog record-
ing thermoprobe instruments have been assembled and
calibrated. The instrcument package has been operated at a depth
of 1500-1700 fathoms for a pericd as long as 22 hours.
Techniques have been developed to measure temperature
gradients for a period of several weeks, using a buoy. Heat flow
measurements have been made in two areas off the coast of
Oregon and a number of theoretical studies have been made.

It is proposed to develop the instrument package to arrive at
observation periods of three to six months. The data will be stu-
died with regard to the stability of the bottom boundary layer.
The importance to the evaluation of existing heat flow measure-
ments at sea are obvious. Theoretical studies will be continued.

SUPPORTED BY U.S. National Science Foundation

1.0189, A STUDY OF THE TEMPERATURE MICROS-
TRUCTURE AND EDDY TRANSPORT IN THE OCEAN
FLOOR BOUNDARY LAYER

G. BODVARSSON, Oregon State University, Graduate School,
Corvallis, Oregon 97331




Under previous NSF support three analog recording ther-
moprobe instruments have been assembled, calibrated and field
tested. Each probe carries eight thermistor sensors and a sedi-
ment sampler. The probes furnish data on the temperature up to
3.3 meters above and down to two meters below the ocean floor
ag well as on the heat flow through the bottom interface, They
have operated satisfactorily in 3,000 meters of water for periods
up to 22 hours. The temperature measurements can be made with
a resolution of plus and minus 0.004 degree centigrade. Two of
the probes were lost during field operations, but a fourth one is
now being assembled.

A fifth temperature probe for longer period temperature
recording is partially finished. This unit has the capability of
scanning ten sensors and converting the input to a digital format
for storage by a magnetic tape recorder. The total storage capa-
bility of the tape unit will extend the in situ recording time to
three months.

The objective of the presently proposed research is to make
further improvement of the temperature probing equipment and
to continue the experimental program on the temperature struc-
ture and heat transport in the lowest section of the ocean floor
boundary layer.

SUPPORTED BY U.S. National Science Foundation

1.0190, AIRBORNE SEA SURFACE MEASUREMENTS IN
THE EQUATORIAL PACIFIC

R.A. RAGOTZKIE, Univ. of Wisconsin, Graduate School, Madis-
on, Wisconsin

The objectives of the proposed research are to map the sur-
face temperature field of the ocean by airborne infrared

-radiometry and then interpret the results in terms of related at-
mospheric and oceanic phenomena.

A Barnes (IT-3- infrared radiometer will be mounted in the
NCAR aircraft and converted to the ARIS data acquisition system
aboard the plane. The radiometer will be used in fixed and tilted
modes so both the sea surface temperatures and the amount of
water vapor in the atmosphere can be measured.

It is anticipated that the variability in time and space of the
sea surface temperature can be documented, that the effect of
atolls can be ascertained, currents can be delinated and oceanic
fronts observed. All of these observations will be of great use in
understanding better the interaction between the ocean surface
and the overlying atmosphere.

SUPPORTED BY U.S. National Science Foundation

2. WATER MOTION

(see Also Air-sea Interaction in Chapter 3a and Hydrodynamics, Chapter 8i)
2A. CIRCULATION-CURRENTS

2.0001, RADIOISOTOPE TRACERS IN OCEANO-
GRAPHIC RESEARCH
E.A. SCHUERT, U.S. Navy, Radiological Defense Lab. , Hunters
Point - San Francisco, California 94135

Objective: Investigate radioactivity and measure faliout
isotopes in the ocean that are useful in tracing vertical migration
and circulation of water and concentration of water properties.
To establish methodologies for determining the distributions of
naturally occurring and man-introduced radioactivity in the
oceans and to develop research instrumentation as required.

Approach: Develop in-situ gamma radiation detectors for
employment on submersibles and for more general use from sur-
face vessels. Evaluate the capabilities of such detection systems as
oceanic radioactivity probes. Map the known present oceanic in-
ventory of fission products, induced radioactivity and special
fuels; locate and account for future injections from oceanic, at-
mospheric, and terrestrial sources; define the trace elements of
interest and their physical and chemical states in sea water; define
their interactions with the bio-mass; develop isolation techniques
for gamma spectrometric measurements of micro trace quanti-
ties; initiate a program for sampling the surface waters of the
world from ships of opportunity; and schedule specific cruises in
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the North Pacific Ocean for the determination of vertical profiles.
Apply data analysis, with the aid of sophisticated computer pro-
grams, to the extension of present theories and the development
of new theories on the circulation, mixing and turbulent diffusive
processes extant,

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0002, OCEAN CIRCULATION
R.S. ARTHUR, Univ. of California, Graduate School, San biego -
La Jolla, California 92038 (NONR)

The purpose of this investigation is to advance qualitatively,
through the development of analytical and numerical models, an
understanding of features of both oceanic and near-shore circula-
tion to ..z point where circulation behavior can be predicted.
Wind-driven circulation near-shore and over submarine canyons
is being studied to obtain a model of water and sediment trans-
ports in rip currents and in the circulation over canyons. Atten-
tion also is being given to the castern boundary current off
California in order to establish a dynamic model for the mean
flow in this region and help in planning mesoscale arrays of buoys.

Forecasting the movement of ocean water, or deducing such
movements, from available oceanographic and meteorological
observations depends on adequate theoretical understanding of
the processes and dynamics of oceanic systems. This work is mak-
ing substantial improvements in such theory.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0003, STUDY OF OCEAN CURRENTS AT SEA FLOOR
AND THEIR SPACTIAL CORRELATION

C.S. COX, Univ. of California, Graduate School, San Diego - La
Jolla, California 92038

A continuing effort is underway to obtain the very long time
series of ocean current observations necessary to reliably distin-
guish between the various possible types of water motion having
periods longer than tidal periods. It is not planned to measure cur-
rents throughout an entire water column, but rather to undertake
a variety of measurements using instruments which rest solidly on
the sea floor.

The first set of measurements involves operating current
meter stations on the sea floor for extended periods of time. The
current meters, commercially available, are mounted rigidly in a
tripod so as to record at about one meter above sea floor and are
recoverable by means of a line attached to a surface float. The
meter-buoy station may be left unattended for about six wecks,
after which the current meter is retrieved, serviced, and replaced
on the bottom.

In conjunction with the current meter observations, measure-
ments of the clectric field at the bottom of the sea will be at-
tempted. The measurements of electric field will permit estima-
tion of the barotropic component of water flow. This will comple-
ment the bottom current measurements which, of course, make
no distinction between barotropic and baroclinic components of
the flow.

SUPPORTED BY U.S. Nationa! Science Foundation

2.0004, BOTTOM CURRENTS AND DEEP SEA TIDES
M.C. HENDERSHOTT, Univ. of California, Graduate School,
San Diego - La Jolla, Califoriiia 92038 (NONR)

The purpose of this task is to develop an understanding of
long period waves and currents in the ocean, including tides,
through theoretical and observational investigations. The
theoretical work consists of devising computational methods
capable of representing long period gravity and planetary wave
oscitlations in deep basins. Observational work consists of mea-
surements of water flow in deep water within a few meters of the
bottom where the effects of friction are evident. During the com-
ing year, it is proposed to use finite difference calculations for
solving the deep-sea tide problem, on a model which has bounda-
ry conditions simulating the effects of energy dissipation and
trapping near coasts. Current meters are to be developed to mea-
surc the directional components of current velocity in the boun-
dary layer immediately above the ocean floor in the deep sca.
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The Navy is embarked on a deep ocean technology program
designed to improve man’s capability to work and install equip-
ment on the ocean floor. In addition, sound propagation is af-
fected by physical variations in the deep ocean waters. This task
will provide knowledge of the variations and causes of such varia-
tions pertinent to these Navy problems.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0005, A STUDY OF THE DEEP CIRCULATION AND
DEEP FISH POPULATIONS IN THE PACIFIC OCEAN

J.D. ISAACS, Univ. of California, Graduate School, San Diego -
La Jolla, California 92038 (AT(11-1)34-127)

Until this last year the deep currents in the oceans have been
only rarely measured, although many aspects of the circulation
have been theorized from models and from the evidences of vari-
ous physical and chemical variables such as temperature, salinity,
oxygen, carbon 14, etc. During the last year 15 direct current
records (3 meters off the bottom) have been obtained at about 4
km in depth, 400-800 km off thc West Coast of northern Baja
California, Mexico. The direct measurements in this arca show a
coherent net transport of about 2.2 cm per sec in a southeasterly
directio; a semidiurnal fluctuation of an rms amplitude of about
1.7 per cm. per sec., rotating counterclockwise; and with the
phase coherent with the dominant component (the semi-diurnal
lunar component) of the tides at La Jolla, California. This extent
of coherency greatly increases the possible significance of widely-
spaced observations, and it now appears that such measurements
can be highly significant in elucidating the deep circulation and
tides over the entire basin.

The plan is to conduct a widespread study of deep currents
and related factors in the Pacific Ocean during the next year for
the purpose of clucidating the nature of the deep circulation and
the tluctuating currents.

In one year we will not have gathered a large number of deep
measurements but we will have measurements broadly spread in
the Pacific Ocean. This information should yield great insight into
the nature of the deep currents, and permit the design of an op-
timum study of currents in the entire basin.

Other mecasurements that are planned at some current sta-
tions are free vehicles with a camera and a fish trap; temperature
and salinity to the bottom; and opening and closing net tows in the
deeper layers.

SUPPORTED BY U.S. Atomic Energy Commission

2.0006, STUDY OF DEEP PACIFIC CIRCULATION
USING SILICON-32
H.W. MENARD, Univ. of California, Graduate School, San Diego
- La Jolla, California 92038

The research program proposal aims towards an understand-
ing of the nature of circulation in the deep Pacific Ocean using
cosmic ray produced Si 32 as a tracer. Whereas several radioac-
tive techniques have recently been employed to inve-iigate the
characteristics of circulation of water in the oceans, they are at
best primarily suited for evaluating the gross features of circula-
tion, viz., the turnover time of oceans. Extensive studies of cosmic
ray produced C 14 in seca water and of another cosmic ray
produced radioisotope, Si 32, in surface marine waters have pro-
vided useful information in this direction. The available measure-
ments on the specific activity of C 14 in the bicarbonate of deep
Pacific waters show that the horizontal and vertical gradients that
exist in its specific concentration are often small compared to the
precision of measurement and, furthermore, close in nagnitude
to the effect produced by the dissolution of gravitationally settling
skeletons which results in a direct in situ addition of carbon of
higher specific activity. In view of the above, the C14 data lead
only to a box-model type analysis with most of the deep oceans
being considered as a well mixed reservoir.

SUPPORTED BY U.S. National Scicnce Foundation

2.0007, CIRCULATION OF THE PACIFIC
J.L. REID, Univ. of California, Scripps Inst. of Occanography,
San Diego - La Jolla, California 92038 (NONR )
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The objective is to chart and urderstand the overall large
scale circulation of the northwest Pacific and the origin of the
deep waters of the major ocean basins. The approach is to ex-
amine along with other physical and chemical properties potential
density as an indicator of flow, and to measure bottom currents at
great depths. During the coming year, data from 10,000 deep
water stations spread over the world ocean are to be analyzed.
Bottom current meter observations are to be made around the
Central Pacific Basin to obtain details of the water exchange
between the North and South Pacific.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0008, NATURE AND VELOCITY OF CURRENTS AND
OTHER FLOWS IN SUBMARINE CANYONS

F.P. SHEPARD, Univ. of California, Graduate School, San Diego
— LaJolla, California 92038

Thorough study will be made of the various currents and
sediment flows in submarine canyons where they are particularly
amenable to study since the location is predictable. Working
together with scientists of the Navy Electronics Laboratory, San
Dicgo, and the local branch of the U. S. Geological Survey, exten-
sive current meter studies in the canyons near Scripps Institution
are planned. This would be supplemented by the planting of event
recording devices within the canyons, which would be released
and rise to the surface after a strong flow down the canyon floors,
and would provide us records of the transient flow velocities. In
addition, attempts would be made to set off flows in the canyons
with the help of the best available information on soil mechanics.
The movement of traceable sands and other recognizable objects
down the canyon floors would be followed. The work would also
involve supplementary studies of upwelling, downwelling, and the
sedimentation taking place in the canyon heads. This work would
be coordinated with observational studies made by scuba divers
and deep diving vehciles presently studying the canyons.

The investigation should provide much needed information
on the true nature of turbidity currents, and also should deter-
mine to what extent ordinary currents and powerful flows, other
than turbidity currents, arc contributing to the phenomena that
are generally considered the work of turbidity currents. Informa-
tion coming from the project should prove valuable, not only in
interpreting such features as submarine canyons and great sea
fans, but could also provide helpful information for man’s rapidly
expanding utilization of the sea floor.

SUPPORTED BY U.S. National Sciecnce Foundation

2.0009, DESCRIPTIVE OCEANOGRAPHY/PACIFIC
B. TAFT, Univ. of California, Graduate School, San Diego - Lu
Jolla, California 92038 (NONR)

The purposc is to understand the air-sea interactions in-
volved in large ocean currents. Attention is being focused on the
equatorial system using data collected largely on operation EAS-
TROPAC. Physical data from continuous recording devices and
time series from buoys are being examined by computation for in-
formation on the interaction between the changing atmospheric
circulation and the current system.

The results of the analysis from this work are expected to
contribute significantly to the understanding of a major portion of
the eastern Pacific Ocean. Such knowledge will be useful for
planning of naval operations and furthering our ability to describe
and predict large scalc changes which the atmosphere may induce
in the oceans.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0010, CIRCULATION AROUND OCEANIC ISLANDS
W.G. VANDORN, Univ. of California, Graduate School, San
Diego - La Jolla, California 92038

Objective: To study the character and mechanisms of circu-
lation around oceanic islands. Initial emphasis will be given to
islands in dynamically stable regions where a deep thermocline
and stcady trade winds prevail. Such regions comprise most
ocecanic arcas between latitudes 30N-30S, and might be termed
‘oceanic deserts,’ because vertical mixing is strongly opposed by a
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stable density structure, and the surface waters are consequently
nutritionally impoverished. Except for the equatorial current
system, the flow regime in these latitudes consists of the sluggish
geostrophic flow of warm surface water under the action of wind
stress, with essentially no motion below thermocline depth.
However, the presence of an island obtruding on such a flow
regime apparently results in an anomalous circulation strong
enough to overcome surface stability and cause mixing with sub-
surface water, as evidenced by locally nutritionally rich water and
the abundance of inarine life. Because the thermocline depth is
generally below the effective depth of wind-wave action in tropi-
cal oceans, other mechanisms must be sought to explain vertical
mixing. These include: (1) The formation of vortices and vortex
streets as the result of perturbed flow around an island. (2) Up-
welling and downwelling as a result of differential wind stress and
continuity. (3) Enhancement and breaking of internal waves on
equi-potential surfaces where strong density gradients exist. (4) A
thermohaline circulation, as the result of anomalies in the
evaporation-precipitation balance over an island.

SUPPORTED BY U.S. National Science Foundation

2.0011, CONVECTIVE STUDIES
T.D. FOSTER, Yale University, Graduate School, New Haven,
Connecticut 06520 (N00014-66-C0171-A01)

The objective of this task is to study the basic aspects of con-
vective processes and their application to oceanographic
phenomena. Emphasis is upon the theoretical and experimental
study of thermohaline convection induced in the surface layers of
the ocean by the evaporation of sea water at the surface. Another
theoretical investigation also is attempting to explain the
processes which produce the superadiabatic temperature
gradients believed to be present in the bottom layers of the deep
ocean. Field work at sea on the thermal structure of the mixed
surface layer is expected to be carried out from FLIP in the North
Pacific Ocean.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0012, DYNAMICAL OCEANOGRAPHY AND
GEOPHYSICAL FLUID DYNAMICS
G. VERONIS, Yale University, Graduate School, New Haven,
Connecticut 06520

Studies will include (1) theoretical studies of thermal con-
vective processes in fluids when a salt gradient can act as a sta-
bilizing agent; (2) theoretical and numerical studies of large-scale
ocean circulation generated by horizontal temperature dif-
ferences and by fluctuating winds at the surface; (3) theoretical
investigations into the attenuation of low frequency sound in the
ocean; (4) experimental models of processes and phenomena
which can be produced in a rotating tank in the laboratory and
which are meant to simulate natural phenomena. Continuing on
these projects will be George Veronis as principal investigator,
and George Buzyna as po<t doctoral research associate.

SUPPORTED BY U.S. National Science Foundation

20013, FLUSHING PATTERN OF CERTAIN TIDAL
STREAMS IN DELAWARE

F.C. DAIBER, Univ. of Delaware, Graduate School, Newark,
Delaware 19711 «, :

Our various biological and hydrographic investigations
within the tidal creeks adjoining Delaware Bay over the past years
point up the need for a more thorough knowledge of the circula-
tion patterns and other hydrographic features within these tidal
creeks. This information will identify the location and volume of
fresh water during various tidal and seasonal conditions. Such in-
formation is of value in selecting sites and times for withdrawal of
water for irrigation, farm and industrial usage. It has implications
in terms of domesti¢ and industrial pollution and health, transport
of plant nutrients from coastal marshes and survival of eggs and
larvae of fish and shellfish. This study could serve as a model for
study of creeks of other sizes and magnitude of tributarizs. This
work is to begin in fiscal year 1967 and terminate at tae end of
fiscal year 1969. '
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SUPPGRTED BY U.S. Dept. of Interior - 0. Water Res. Rch
University of Delaware

2.0014, WESTERN ARCTIC OCEANOGRAPHIC IN-
VESTIGATIONS

R.B. ELDER, U.S, Dept. of Transportation, Oceanographic Unit,
Washington, District of Columbia

Because of the U. S. Coast Guard’s unique capabilities in
polar operations, it has a responsibility for conducting and coor-
dinating oceanographic research activities in the Arctic. Present
programs conducted by the U. S. Coast Guard Oceanographic
Unit include oceanographic studies in the Chukchi, East Siberian
and Laptev Seas, the Bering Strait and Bering Sea. Emphasis ison
the circulation and interchange of Arctic and North Pacific
waters.

Presently this work is being conducted aboard Coast Guard
icebreakers during intervals when the vessels are not engaged in
their primary mission of the support of shore-based defense and
scientific installations.

Also of interest is the study of the oceanography of the Arctic
Basin. Studies of areas from which there is little or no oceano-
graphic data are particularly important. Results of these programs
are published in the CG-373 Series.

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

2.0015, OCEAN CURRENTS AND CIRCULATION
L.A. BANCHERO, U.S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

OBJECTIVES: Develop deep-ocean data collection
techniques using moored instrument arrays; study the variability
of ocean currents and temperature structure through the employ-
ment of these systems. Formulate mathematical prediction
models for ocean currents.

APPROACH: The vertical and horizontal variability of kine-
matic features of the ocean over synoptic (100-1000km) and
meso (10-100km) scales and over temporal scales of one month
to one season will be studied, The spectral energy content of cur-
rents, particularly the relative amplitude of peaks which appear at
inertial and tidal frequencies, is expected to yield significant in-
formation. The relationship of current measurements to the
general ocean circulation at various latitudes must be studied in
order to formulate prediction models.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0016, OCFAN CURRENT TRANSPORT
W.S. RICHARDSON, Nova University, Graduate School, Fort
Lauderdale, Florida (N00014-67-A-0386-0001)

This is a combined field and theoretical study of the structure
and variability of ocean currents. Special emphasis is given to
measurements of velocity field in vertical cross-sections across
the Gulf Stream along the E. Florida coast using freedrop instru-
ments from ships and very accurate, limited-range navigation.
Support of this study involves improved instrumentation and as-
sociated researches in physical oceanography. The studies of
downstream variation in Gulf Stream transport.have extended
from Miami to Jacksonville; this year will extend these studies to
Cape Fear and possibly Cape Hatteras. Emphasis will be placed
on study of velocity structure at bottom and lateral boundary
layers of Florida Current in Straits of Florida through use of cur-
rent meter strings. Limited theoretical studies are designed and
executed to complement the field program.

The development of navigation and measurement techniques
for accurately determining structure of ocean currents is impor-
tant for a variety of naval problems involving the placement of in-
strument arrays and structures; economical ship routing; and lo-
calized search and survey operations.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0017, STUDIES OF THE TRANSPORT OF THE
FLORIDA CURRENT
W.S. RICHARDSON, Nova University, Graduate School, Fort
Lauderdale, Florida

The Principal Investigator has recently developed a
technique for the rapid measurement of vector transport which
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permits the measurement of total flow of a large current with
good accuracy. The method consists of dropping a free instru-
ment at a known point from which it falls to the bottom, releases
weights and returns to the surface under its own buoyancy. The
instrument contains internal recording of pressure versus time
and is accurately fixed when it surfaces.

This niethod requires the availability of a precise navigation
system. By increasing the transmitted power of the presently
availabie HiFix system, it will be possible to provide navigational
accuracy of plus or minus 2 meters throughout the Straits of
Florida, Northeast and Northwest Providence Channels and to
the North and East of Little Bahama Bank (range of 250 miles).
With this increase in coverage it should be possible to determine
the transport through the Little Bahama Bank-Palm Beach sec-
tion and the flow out of Northwest Providence Channel, as well as
the transport through the Miami-Bimini section. In this way, the
cqntl‘ijbution of the channels to the Gulf Stream can be deter-
mined.

In ali of these sections, the vertical and horizontal distribu-
tion of transport will be determined and efforts will be made to
compare these with geostrophic determinations made from
hydrographic stations. in addition to transport measurements of
the above type, current meter installations will be made both at
the shorelines and in deep water to determine the shape of the
tidal wave in the straits and associated channels.

SUPPORTED BY U.S. National Science Foundation

2.0018, RESIDENCE TIMES OF WATERS BEHIND BAR-
RJER ISLANDS
K.G. DEAN, Univ. of Florida, School of Engineering, Gainesville,
Florida 32601

The proposed research comprises the development and
evaluation of a numerical model to calculate the residence times
of the waters in lagoons behind barrier islands and in intercon-
nected b2y systems. The numerical model will be based on the
goverzning differential equations of motion and continuity includ-
ing all nonlinearities. Wind stresses, precipitation and tidal dis-
placements at the openings to the water system under considera-
tion will be included as ‘input* to the numerical model. The model
‘output’ includes predictions of water velocity and elevation as
functions of time and position in the water system. The ‘output‘ is
generated by representing the water area as a grid system and
solving the governing difference equations for the prescribed spa-
tial and temporal distributions of the input functions. To assess
the validity of the model, a field program will be conducted to
measure the input and output functions for at least two different
water systems. The validity and limitations of the model will be
based on a comparison of ineasured water elevations and veloci-
ties with those determined from the numerical model.

SUPPORTED BY U.5. Dept. of Interior - O. Water Res. Rch
University of Florida

20019, SEA SURFACE SURVEILLANCE
J.T. BRUCKS, U.S. Dept. of Interior, Trop. Atlantic Biolog. Lab. ,
Miami, Florida

Objectives: 1. To obtain data concerning the variation of pro-
perties of surface water entering the Caribbean Sea to test the
relationship of the spatial and temporal distribution of tuna
schools to variations in the circulation. 2. To contribute to the un-
derstanding of the oceanography of the Caribbean Sea and
western tropical Atlantic Ocean. 3. To establish effective sam-
pling procedures to be used at shore stations and on ships of op-
portunity in this and other areas of investigations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0020, WATER MASS TRACERS
C.H. OPPENHEIMER, Florida State University, Graduate
School, Tallahassee, Florida 32306

. The objective of this task is to determine the role of plank-
tonic Foraminifera as biological tracer organisms in identifying
major currents and water mass distribution patterns. Specifically,

the research will determine the limits of precision of this method
and further develop its application. During the coming year the
effort will be devoted primarily to analyzing the severa! thousand
samples which have been collected in the eastern Equatorial
Pacific and are being collected in the tropical Atlantic. These
analysis will be compared to other physical and chemical mea-
surements.

Sound propagation in the ocean is affected by the density
structure as welil as water velocity and biological concentrations,
The distribution of these properties is dependent upon circulation
patterns which are not understood. This task should provide a
powerful tool for studies of oceanic circulation.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0021, HAWAIIAN OCEANOGRAPHY
K. WYRTKI, Univ. of Hawaii, Hawaii Inst. of Geophysics, Honolu-
lu, Hawaii 96822 (NONR)

The effect of the Hawaiian Islands on the North Equatorial
Current is being investigated to determine the influence of an
island chain in mid-ocean on the structure and dynamics of a
larger permanent ocean current. The investigation is concerned
with the study of the North Equatorial Current, its modification
during flow through the various channels between the islands and
the development of eddies behind the island chain. Particular
emphasis is on the formation, the duration and the decay of ed-
dies; the correlation of sea-level differences between islands with
the flow through channels and development of eddies; and the
tidal current pattern in the Hawaiian Islands region and in the
open ocean away from the [slands.

This study should result in information on the disturbance of
the oceanic structure in the vicinity of a mid-ocean island chain,
con the variations in time and space of the thickness of the mixed
surface layer, of the depth and intensity of the thermocline and of
the surface and subsurface circulation in channels between the
Hawaiian Islands. Since naval operations take place in the vicinity
of these islands, the knowledge of these oceanic parameters and
their fluctuations are of importance to the Navy.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0022, CIRCULA«¢"N IN THE GULF OF MEXICO
K. DRENNAN, Gulf South Research Institute, Baton Rouge,
Louisiana (N00014-67-C-0514)

The purpose of this investigation is to study the circuiation of
the northeastern and central portions of the Gulf of Mexico.
Emphasis is on the circulation of shelf water in the northeast Gulf,
particularly the effects induced by the Mississippi outflow and the
Loop Current. Both hydrographic data and airborne IRT observa-
tions are being used to determine and elineate flow patterns. The
surface circulation features of the Yucatan and Loop Currents in
the Central Gulf also are being studied by airborne IRT in an at-
tempt to correlate observed patterns with circulation features
derived from standard oceanographic observations.

This task is part of the Navy's broad basic research program
in oceanography to provide a better understanding of the Navv's
operating environment. Results from this task are expected to
contribute to operations by furthering the understanding of the
circulation and water structuring of such regions.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0023, THEORETICAL AND LABORATORY MODEL
STUDIES OF LARGE-SCALE OCEAN CIRCULATION
A.R. RGBINSON, Harvard University, Graduate School, Cam-
bridge, Massacnusetts 02138 (N00014-67-A-0298-0011)
Objective: The accomplishment of many operational Navy
objectives such as prediction of subsurface currents during deep-
sea operations, is contingent upon knowledge of water move-
ments and the associated physical property distributions, In turn,
the goal of predicting three-dimensional configurations of ocean
currents depends in large measure on improved understanding of
the fundamental processes involved. This research is a successful
cxample of the application of basic fluid mechanics to understand
motions in the rotating fluid envelope which is the real ocean.

e e

B e,




Approach: Experimental and theoretical model studies of the
motions, associated forces and energy of fundamental processes
in ocean circulation constitute most of the work. Quantitative
comparison of theory with the results of experiments performed
with a rotating model of a curved sea will continue to provide
critical tests for many aspects of the general ocean circulation.
Numerical modeling of time-dependent, intense, jet-like currents
will continue. A predictive model of the variation in Gulf Stream
path will be tested by a field experiment during summer of 1969.
The study of processes involved in the subsurface equatorial cur-
rent systera and in the lurge-scale interaction between ocean and
sea will continue. Field tosts will be made on an instrument
designed to measure small pressure fluctuations at great depth in
an effort to sense very large wave-like disturbances of occan cur-
rents.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0024, (U) OCEAN CIRCULATION MODELS
R.C. BEARDSLEY, Mass. Inst. of Technology, Graduate School,
Cambridge, Massachusetts 02139

A rotating laboratory model which models the dynamics of
the large scale wind driven ocean circulation will be used to in-
vestigate the interaction: of Rossby waves with the mean interior
and western boundary layer flow in an enclosed basin. The am-
plitude and phase response functions will be measured as the rela-
tive mean and oscillatory components of the applied stress are
varied. A numerical study of the model equations for a steady
stress will be compared with experimental results previously ob-
taine((ii to help understand the nature of the flow instability ob-
served,

Many operations in the ocean are contingent upon
knowledge of water movements and the associated physical pro-
perty distributions. In turn, the goal of predicting three-dimen-
sional conﬁgurations of ocean currents depends in large measure
on improved understanding of fundamental processes involved.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0025, LONG RANGE SOFAR FLOATS
H.M. STOMMEL, Mass. Inst. of Technology, Graduate School,
Carnbridge, Massachusetts 02139 (NONR)

This is a field experimeni concerned with measuring water
motions at subsurface depths. Measurements will be made of long
period and large scale ocean currents by acoustically tracking
neutrally buoyant floats in the SOFAR channel. Fixed
hydrophones in the sound channel will be used to locate and track
the floats and to determine the anibient temperature at the float
via transmitted CW pulses. These floats arc large, expensive and
recoverable. A second type of expendable, one- shot float is
under design. The deployment of relatively many of these inex-
pensive floats could yield information regarding vertical shear
and horizontal coherence of subsurface motions,

This 1s an important step towards understanding the large
scale and long period motions of the oceans in the mid-depth
range. It is also significant in that it fully recognizes the potential
of the permanent sound channel for information telemetering.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0026, EASTERN BOUNDARY CURRENTS
1. SCHELL, Ocean Atmospherc Res. Inst. , Cambridge, Mas-
sachusetts 02138 (N00014-67-C-0334)

The objective of this task is to determine the influence of
large- scale atmospheric conditions, such as pressure and wind
field patterns, upon the Benguela Current and associate upwelling
in the eastern South Atlantic Ocean. From the distribution of at-
mospheric pressure over the South Atlantic Ocean, indices of at-
mospheric circulation are being developed to describe the intensi-
ty of this circulation. These indices are then being correlated with
both sea surface temperature conditions off southwest Africa and
subsurface temperature, salinity and oxygen content for sections
which extend seaward from areas of upwelling along the coast.

This 12 part of the Navy’s basic research program intended to
provide a better understanding of the operating environment of

2. WATER MOTION

the Navy. The results from this study should contribute to the un-
derstanding of macro-scale air-sea interactions, and, in particular,
the influence of large-scale atmospheric systems upon the dynam-
ics and structure of the oceans which relate to acoustical propaga-
tion characteristics. From such better understanding of the large-
scale influences of the atmosphere upon the oceans should
develop improved environmental forecasts.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0027, CIRCULATION ON THE CONTINENTAL SHELF
D.F. BUMPUS, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

This investigator has endeavored to delineate the horizontal
motions in the circulatory system of the continental shelf of the
cast coast of the United States. With the generalized pattern in
hand we are trying to work out the secular changes in the circula-
tion and their causes. We will use a Lagrangian technique with
drift bottles at the surface and sea-bed drifters at the bottom and
make use of all the physical oceanographic, hydrological, climatic
and metcorological data and theory to elucidate these motions.

SUPPORTED BY U.S. Dept. of Hlth. Ed. & Wel. - P.H.S.

2.0028, GULF STREAM EDDIES
F.C. FUGLISTER, Woods Hole Oceanographic Inst. , Woods
Hole, Massachusetts 02543 (N00014-66-C0241)

This is a continuing study of the Gulf Strecam system in the re-
gion following its departure from the continental shelf off and cast
of Cape Hatieras. The objective is to gain a better understanding
of the structure, behavior and frequency of occurrence: of large-
scale, cold- water eddies formed by the meandering Gulf Stream.
This year emphasis is upon the analyses and interpretation of data
from recent cruiscs concerned with the detailed documentation
of the life cycle of a single eddy, This includes both descriptive
aspects and the development of numerical models. A scrics of
cruises also will be mounted to search for and tag both old and
new eddies to determine the role these large -sczle features play
in the water mass structure of the northwestern North Atlantic.

It is essential to obtain a detailed quantitative description of
the oceanic circulation on both a large and a small scale in order
to establish a sound basis for predictions of occanic structure and
to isolate the physical, chemical, biological, and geological
processes responsible for the ocean’s behuvior. The results from
this study should assist the development of forccasting methods.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0029, GULF STREAM TRANSPORT
P.C. MANGELSDORF, Woods Hole Oceanographic Inst. , Woods
Hole, Massachusetts (02543

It has been found that navigation methods now available can
provide average surface current measurements between succes-
sive hydrographic stations precise enough to be combined with
the calculated geostrophic shear to yicld true total transport. A
cruise of R/V CRAWFORD is scheduled for August : %97 avrire
which it is planncd to use this method to measure the tot! (rans-
port of the Gulf Strcam system across two different scctions ex-
tending from the Continental Slope to the Bermuda Rise. This
grant provides funds for equipment and scientific personnel for
this cruise, and for subscquent data processing.

SUPPORTED BY U.S. National Science Foundation

2.0030, INVESTIGATION OF SHALLOW CURRENT
%’I&l}ﬂ%TURE IN THE WESTERN TROPICAL ATLANTIC
W.G. METCALF, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

Further studius of the circulation in the shallow layers of the
Western Equatorial Atlantic are proposed. The classical view of
the current pattern shows that water of South Atlantic origin
flows northwestward across the equator and enters the Caribbean
gcu (and the North Atlantic circulation) by way of the Guiana
“urrent,
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Direct current measurements and a study of the hydro-
graphic data in this area indicate that that portion of the water
column between 13 to 24C, of South Atlantic origin, does not
contribute to the circulation of the North Atlantic. In particular
the oxygen concentration in the South Atlantic water is higher
than in North Atlantic water through the same temperature
range.

gSections of hydrographic stations and direct current mea-
surements are planned to determine the circulation pattern
between the mouth of the Amazon River and the Antilles Arc.
Special emphasis will be placed in obtaining closely spaced sam-
ples through the upper 300 to 500 meters of the water column.
Direct current measurements will be made using parachute
drogues and a current meter designed to be lowered from the
ship.
SUPPORTED BY U.S. National Science Foundation

2.0031, NORTH ATLANTIC CIRCULATION
L.V. WORTHINGTON, Woods Hole Oceanographic Inst. , Woods
Hole, Massachusetts 02543 (N00014-66-C0241)

This task is concerned with the general circulation and water
mass distributions of the ocean. It includes both the description of
large oceanic features such as current systems and the study of
the causes which produce changes in them. Particular emphasis is
upon the mecasurement of the volume transport of the Gulf
Strecam south of New England using free drop instrument
techniques. The validity of the hypr .hesis that sloping bottom
topography controls meanders also is being re-examined using
new bathymetric data. A water budget of volume transport and
actual volumes of different water masses is being developed for
the North Atlantic and the distribution of water mass properties
in the Somali Basin are being determined.

This study should provide the understanding of the physical
nature of oceanic circulation which has a bearing upon numerous
problems in effective use of the oceans for military operations. It
will provide the proper input to theoretical models of the circula-
tion which are nceded for the long-term goal of prediction of
oceanic variables and further our ability to describe and predict
the properties of the oceans.

SUPPORTED BY U.S. Dept. of Defense - Navy

2,0032, AN INVFSTIGATION OF THE OVERFLOW OF
NORWEGIAN SEA WATER INTO THE NORTH ATLANTIC
THROUGH DENMARK STRAIT
L.V. WORTHINGTON, Woods Hole Oceanographic Inst. , Woods
Hole, Massachusetts 02543

Observations made during the Internationa: Geophysical
Year have indicated that the Norwegian Sea overflows are major
sources of deep water in the North Atlantic. Past measurements
have shown that the overflow between Iceland and the Faroes
amounts to about 5 x 10 to the 6th power cubic meters/sec. The
amount of the Denmark Strait overflow has not been determined.
This research proposal is for a detailed examination of this over-
flow using both hydrographic measurements and current meters.
The staff of the Bedford Institute of Oceanography have agreed to
cooperate in this effort and the work will be performed aboard
the Canadian Research Ship HUDSON.

SUPPORTED BY U.S. National Science Foundation

2.0033, VERTICAL CURRENT STRUCTURE IN THE
GREAT LAKLES
V.E. NOBLE, Univ. of Michigan, Grecat Lakes Research Division,
Ann Arbor, Michigan

The objective of this program is to use the wind and current
data from the buoy system established in the Great Lakes by the
Public Health Service to gain an understanding of the dynamics of
the current structure in the Great Lakes. These data are continu-
ous, and have becn obtained over a full-year period in Lakes
Michigan, Ontario, and Erie. The buoy stations were placed so as
to cover the entire basin of each lake. The buoy stations will be in

lraléf; Huron during 1966, and will be moved to Lake Superior in

Preliminary analysis has shown a seasonal progression of the
current patterns in Lake Michigan. This progression of patterns
seems to reflect the change in the effectiveness of the air-sea
coupling as a result of the air-sea temperature structure.

Detailed analysis of the available data will help to provide the
conceptual framework for the development of a theoretical
model whick will accurately predict the current patterns observed
in the Great Lakes.

SJPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

2.0034, OCEAN CIRCULATION AND CONTROLLING
FACTORS FOR PREDICTION
G. NEUMANN, New York University, Graduate School, New
York, New York 10003 (NONR)

Cbjective: The Navy needs for oceanic environmental infor-
matios: to plan and execute operations and to install fixed subsur-
face systems requires knowledge of the movements of water mass
and currents as well as a capability to predict changes in them.
This research is to determine the factors controlling organic cir-
culation, both large-scale current systems and local upwelling
phenomena. By providing a better understanding of the
meteorological and oceanographic cornditions controlling oceanic
circulation, improved environmental prediction techniques may
be developed to support naval operations.

Approach: The fresh water discharge of the Amazon River
and the differences in precipitation and evaporation are being
evaluated as causes for the large salinity variations observed in
the upper strata of the Tropical Atlantic. Physical oceanographic
data obtained from EQUALANT cruises in the area are being
analyzed to determine seasonal variability, Oceancgraphic and
meteorological data also are being collected, analyzed and corre-
lated to determine the causes of anomalous temperatures
frequently encountered in the waters off New Jersey.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0035, STUDY OF INFLUENCE OF STRATIFICATION
ON CURRENT STRUCTURE
G. NEUMANN, New York University, School of Engineering,
New York, New York 10003

This research proposal is concerned with the study of the cir-
culation of Lake Michigan. Rotary currents with the local inertial
period have been found to be very prominent in the data and
frequently mask other long and short term current variations. In
order to obtain more definitive clues as to their nature, it is
proposed to separate these currents from the data by a least
squares technique. This will enable us to study not only the verti-
cal and horizontal structure of these rotary currents but also the
residual circulation that remains after the rotary current has been
subtracted.

SUPPORTED BY U.S. National Science Foundation

2.0036, VERTICAL OC.ZAN CIRCULATION
P.K. WEYLE, State University of New York, Graduate School,
Stony Brook, New York 11790

The basic goal of this research is to increase the level of
knowledge regarding convective processes within the ocean. Such
knowledge will yicld better understanding of how the ocean sta-
bilizes our climate and how climatic distributions affect subsur-
face circulation in the sea. The first objective is to identify ocean
areas capzble of producing long-term effects on the subsurface
circulation through the formation of distinct water types and to
estimate the formation and mixing rates of such waters. During
this year, the objective will be attacked by the development of a
statistical, dynamic model involving knowledge of the distribution
of all ocean waters on the basis of some measure of depth, as well
as temperature and salinity. Only existing data will be used.
(Preliminary studies indicate that the model will be more so-
phisticated than was expected because of complex equation of
state of sea water).

SUPPORTED BY U.S. Dept. of Defense - Navy
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2.0037, CURRENT STUDY ON THE NEUSE RIVER AND
ESTUARY

W.J. WOODS, Univ. of North Carolina, Institute of Marine
Science, Morehead City, North Carolina 28557

A study will be made of water movements in the Neuse River
and Estuary. Data obtained will be used to determine flushing rate
and circulation patterns. This is the second phas of a study which
it is hoped will ultimately determine flushing rates and circulation

atterns in the Pamlico Sound complex. Pamlico Sound is a shal-
ow, bar-built estuary in North Carolina.

A fluorescent dye (Rhodamine B or Rhodamine WT) wili be
added to the river and its distribution tr.iced by boats equipped to
pump water continuously through a "‘urner Fluorometer. The
record of concentrations on successive Jays, as long as the dye is
detectable, will be used to determine the rate and direction of
water movement and the effect of wind and tidal action.

SUPPORTED BY U.S. Dept. of interior - O. Water Res. Rch
University of North Carolina

2.0038, TIME DEPENDENT VARIATIONS IN SURFACE
OCEANIC CIRCULATION

R.G. DOUGLAS, Case Western Reserve Univ. , Graduate School,
Cleveland, Ohio 44106 (AT(11-1)-1796)

It is apparent that in the future demands will be made upon
the marine environment for many of the resources which are now
available on land. These demands will take many forms, but
probably the most important will be the increasing use of the
oceans for: 1) waste disposal and, 2) food production. If the ex-
ploitation of the terrestrial environment can be taken as a guide
(and present indications suggest that it can), increasing use of the
oceans will significantly alter the marine environment, probably
irreversibly. Before this occurs it is imperative that a comprehen-
sive understanding of the phenomena which control the major
physical characteristics of the marine realm be obtained. Since
1880, for example, the North Atlantic has experienced an average
sea-surface temperature change of up to 3 degrees Centigrade,
presumably due to changes in ocean currents resulting from
minor climatic fluctuations. Such changes bear on the ultimate
fate of wastes deposited in the sea and on the productivity of the
world’s fisheries which originate and are maintained largely
through a delicately balanced combination of currents and tem-
perature.

Because the oceans undergo time-dependent change, the
prediction of oceanographic conditions -- necessary for intelligent
utilization of the ocean as a resource -- can only partially be
derived from study of the modern situation. To this must be added
a historical perspective. It is necessary to know the direction and
magnitude of changes which have occurred in the past and may
be expected to recur. The necessary models of past conditions
can be derived from detailed geological investigation of materials
preserved in the sedimentary record on the sea floor. We propose
to make an investigation which relates to the development of
models of the surface circulation of the ocean under the most ex-
treme conditions of the last few thousand years. Specifically we
propose to develop the surface circuiation model responsive to
the fully glacial conditions which ended about 1,000 years ago,
and to the conditions of 6,000 - 8,000 years ago when the earth
was warmer than at any other time since deglaciation began. If we
are successful in attaining this objective, we plan to examine the
models responsive to the smaller scale changes of the last 6,000
years which will be of most interest in predicting future changes.

SUPPORTED BY U.S. Atomic Energy Commission

2.0039, TIME FLUCTUATIONS IN OCEAN CURRENTS
M.S. LONGUETHIGCINS, Oregon State University, Graduate
School, Corvallis, Cregon 97331

Two related approaches will be taken towards the study of
time- fluctuations in ocean currents having periods of the order of
a few pendulum-days.

1. Theoretical studies - (a) Calculation of the normal-mode
osciliations in ocean basins of ideal shape on a rotating sphere.
The computations will take account of horizontal divergence and
will span the whole range of Lamb’s parameter. (b) Numerical
evaluation of new types of wave motion associated with bottom
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topography, including (particularly the double Kelvin waves
progagated along a straight) discontinuity.

2. Model experiments - Experiments will be made with a
rotating fluid shell contained between two concentric spheres.
The initial aim is tc set up the shellular modes (those with zero
radial velocity) and related wave motions.

SUPPORTED BY U.S. National Science Foundation

2,0040, OCEAN CIRCULATION STUDIES
J.A. KNAUSS, Univ. of Rhode Island, Graduate School, Kingston,
Rhode Island 02881 (NONR)

The work underway involves three aspects of physical
oceanography (!) direct measurements of oceanic currents are
being made with current meters, swallow floats and Richardson
free-dropping buoys for mass transport calculations. In addition,
hydrographic measurements are used for dynamic calculations.
The work is concentrated in the area of the Blake Plateau where
the Gulf Stream appears to cross the deep western boundary cur-
rent and along the continental slope off New England. (2) fluid
dynamics relations to non-linear mechanics, in particular the ap-
plication of statistical mechanics to equilibrium phenomena. (3)
the transfer of energy across the frequency spectra of internal
waves.

Better understanding of ocean circulation is essential before
models can be constructed for prediction of the variables which
influence sound propagation, dispersion of contaminants, and
navigation of deep running submarines.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0041, CURRENTS AND WATER MASSES IN THE
SOUTHWEST ATLANTIC
L.R. CAPURRO, Texas A & M University System, Graduate
School, College Station, Texas 77843

This is for the continuation of cruises to the Southwest Atlan-
tic covering 150 oceanographic stations and six surface and deep
current stations, the current measurements will be extended from
thirty hours to one week and an additional research vessel will be
included in the program. It is felt that the study of water masses
and currents in this region and the associated front is of funda-
mental importance to an understanding of Southwest Atlantic cir-
culation as well as to explain some of the observed geophysical
phenomena in the Argentine Basin by the LGO scientists.

SUPPORTED BY U.S. National Science Foundation

2.0042, CIRCULATION STUDIES
J.D. COCHRANE, Texas A & M University System, Graduate
School, College Station, Texas 77843 (NONR)

This task is concerned with the study of oceanic circulation
in three distinct regions: (1) the eastern Gulf of Mexico and
Cayman Sea, (2) the western tropical Atlantic, and (3) the east-
ern trcgical Pacific Ocean. A cruise is scheduled to study the Yu-
catan Current to determine the onset of western intensification in
the current as well as evidence of convergence and divergence
patterns on the west side of the Campeche Bank. Ongoing
analyses of other, previously-collected data are concerned with
the origin and downstream modification of the Atlantic Equatori-
al Undercurrent and the eastern termination of the Pacific Equa-
torial Undercurrent.

The results from this study should provide a better un-
derstanding of the dynamics of the oceans in these little-known
areas and assist in planning any future more-detailed surveys in
these areas. Through a better understanding of the dynamics of
:)hclt1 oceans also can evolve better methods for predicting current

ehavior.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0043, BOTTOM ENVIRONMEN--GULF OF MEXICO

W.E. PEQUEGNAT, Texas A & M University System, Graduate
School, College Station, Texas 77843 (NONR)

The environment at the bottom is being studied in the deep
waters of the Gulf of Mexico, where the depth exceeds 1700

JURENE R e e
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fathoms. The objective is to understand the forces affecting bot-
tom properties. To this end deep sea photography conbined with
current meters, dredges and other sampling devices are used to
relate biological populations, water motion, and chemical content
to the observed physical properties of the bottom.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0044, CIRCULATION STUDIES
R.O. REID, Texas A & M University System, Graduate School,
College Station, Texas 77843 (NONR)

This task includes both theoretical and field studies of ocean
circulation with emphasis on the Gulf of Mexico. Theoretical
models of the Gulf circulation will be treated as will the more
general problem of western boundary currents in a layered ocean.
A major effort is being directed towards the development of a 3-
dimensional numerical model for describing the circulation and
associated thermal structure of the Gulf. An observation program
also is being mounted to monitor the inflow into the Gulf from the
Yucatan Current for use in the numerical model. Another study is
investigating the response of a stratified oceanic system and over-
lying stationary hurricane.

The results of this task should provide a better understanding
of the circulation of the Gulf and the cause of spatial and tem-
poral variations. Some generalization to other regions should be
possible for forecasting purposes.

SUPPORTED BY U.S. Dept. of Defense - Navy

20045, CIRCULATION DYNAMICS (GULF OCEANOG-
RAPHY PROGRAM)

R.S. ARMSTRONG, U.S. Dept. of Interior, Biological Laborato-
ry, Fort Crockett - Galveston, Texas

Studies have shown that variations in shrimp catches in the
Gulf of Mexico are regional rather than local. This wide-spread
effect suggests an influence corresponding to deviations from the
normal oceanic environment.

Project goals involve (1) describing the stratification, cur-
rents, circulations, and distribution of properties as observed dur-
ing pertinent periods; (2) defining deviations from the normal,
and the rates of changes in climatic variations, seasonal fluctua-
tions, and shorter time variations; and (3) relating the sea and the
variations to the driving forces of wind-driven circulations,
changes in the water budget, primarily by the volume transport
throught the Yucatan Straits, and energy associated with heat
budget.

The ultimate goal will be to develop usable, routine
technignes for predicting the state and character of the waters at
any locale in the Gulf.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0046, FINE STRUCTURE FEATURES OF TEMPERA-
'I}ngl%iACND' SALINITY AT WATER MASS BOUNDARIES IN
P

G.I. RODEN, Univ. of Washington, Graduate School, Seattle,
Washington 98122 (NONR)

Objective: An understanding of the temperature and salinity
small-scale variation in the transition zone between the subarctic
and subtropical water masses of the North Pacific is important to
the Navy for sound propagation and the prediction of oceano-
graphic and meteorological conditions that influence naval opera-
tions. This research is to better understand the circulation pat-
terns and their relationship to the fine structure of temperature
and salinity observed at the boundary of these water masses which
extends from Japan to Mexico betweer: 31 and 43 degrees north
latitude.

Approach: A detailed observational and theoretical study of
the eastern part of the transition zone between 145 degrees west
longitude and the American mainland will be made. The fine
detailed temperature- salinity structure and oceanic circulation
will be investigated. Temperature, salinity, dissolved oxygen and
nutrients will be measured. The processes leading to the forma-
tion of the transition zone and detailed temperature-salinity struc-
ture will be theoretically investigated. The time variability of tem-
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perature and salinity in the zone also will be assessed from

meteorological and oceanographic information collected on
Ocean Weather Station NOVEMBER.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0047, BOTTOM CURRENTS AND THE MOVEMENT OF
SEDIMENT ACROSS THE CONTINENTAL SHELF
R.W.STERNBERG, Univ. of Washington, Graduate School, Seat-
tle, Washington 98122 (AT(45-1)1752)

Field, experimental, and theoretical work is proposed in
several areas as part of the initial stages of an investigation of sedi-
ment transport on the continental shelf. In order to relate the
general physical oceanography of the shelf to the bed load sedi-
merit transport, procedures for accurate calculation of the boun-
dary shear stress must be available. In general, this requires an un-
derstanding on non-uniform and unsteady turbulent boundary
layer mechanics. Such boundary layers are to be studied in the
field using a marine Preston tube in conjunction with a bottom
mounted array of rapid response current meters. These two
systems give three nearly independent ways of evaluating the
boundary shear stress in quasi-uniform quasi-steady flows provid-
ing a check on the method presently being used as well as per-
mitting extension of our experimental capabilities to flows hither-
to precluded by instrumental limitations. Theoretical and labora-
tory work on this problem and the related sand wave problem will
continue. In addition, field measurements of bed load transport
and boundary shear stress will be used to check the validity of the
standard bed load equations in the raarine environment.
Moreover, the boundary shear stress at which sediment motion is
initiated and the nature of sand waves will be investigated more
thoroughly using the underwater television system, the stereo
cameras, and the marine Preston tube. Theoretical werk on these
sediment transport aspects of the problem will continue. Field
work will be carried out in Puget Sound and in the Columbia
River during the next contract year. However, in the subsequent
year a major part of the offshore work is expected to begin.

Resuits to Date: In the past few years considerable data has
been accumulated on the variation of the drag coefficient relating
the boundary shear stress to the flow one meter from the bed with
flow conditions and bottom configuration. Information which
confirms the use of the Shield’s initial motion criterion in the
marine environments has 2lso been obtained. Recent results ob-
tained by this project include successful flume measurements of
the shear stress and velocity distributions over model sand waves,
measurements of Reynolds stress in a tidal channel, measure-
ments of the structure of the t’dal flow near slack water, and mea-
surements of boundary shear stress with a marine Preston tube.

SUPPORTED BY U.S. Atomic Energy Commission

2.0048, INVESTIGATION CF THE CIRCULATION OF
LAKE SUPERIOR

R.A. RAGOTZKIE, Univ. of Wisconsin, Graduate School, Madis-
on, Wisconsin

The overall goal is to describe and explain the general circu-
lation of Lake Superior throughout the year. Studies have
revealed that there are persistent cold cells in Superior, at least
until early August, and a narrow and relatively fast surface cur-
rent flowing northeast along the Keweenaw Peninsula.

Gradier! currents caiculated from temperature cross-sec-
tions in the nearshore region north of the Keweenaw Peninsula in-
dicate currents velocities excess of 1 knot flowing in a northeast-
ward direction. Current measurements from buoys confirm these
calculated currents. This boundary current flows from mid-June
until at least early September.

Theorectical studies have shown that for a stratified fluid in
an enclosed basin the size of Lake Superior, the natural free mode
of circulation includes high velocity boundary currents in a
cyclonic direction. These may also occur in Lakes Huron and On-
tario.

Circuiation studies in a rotating laboratory model of Lake
Superior also suggest this circulation in the epilimnion. Further
analysis of ficld observations and laboratory experiments is con-
tinuing. Additional airborne infrared temperature mapping and in
situ current measurements are planned.




SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Wisconsin

2B. CONVECTION-MIXING-UPWELLING

2.0049, TRACERS STUDIES IN ALASKAN HARBORS
D.L. WORF, Univ. of Alaska, U.S.D.I. Alaska Water Lab. , Col-
lege, Alaska 99735

Tidal flushing and estuarine water flowing into harbors are
the primary means for diluting the industrial and community pol-
lutants discharged into these harbors. The mechanics of this (Elu-
tion is complex and not well known. The objective of this
proposal is to use tracers (dyes and radioisotopes) to measure the
rates of dilution at various points in the channej. YVariables are
seasonal fluctuations in fresh water flow, temperature, amount of
natural and man-made wastes discharged into harbors.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

filv 50, DISPERSION PROCESSES IN ESTUARIES AND
ERS

H.B. FISCHER, U S, Dept. of Interior, Water Resources Division,
Menlo Park, California

Purpose: To determine the mechanics of the dispersion
process in streams and estuaries chiefly by the use of previously
derived and newly developed analytical and numerical theories
and to suggest modifications and more effective methods of anal-
ysis.

Methods: Rhodamine WT and Rhodamine B dyes are being
used to study longitudinal and laterai dispersion on bays, estua-
ries, and large streams. Hydraulic models will be constructed to
ascerdain  differences in the models and prototype streams
selected for comparative purposes.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0051, DISPERSION IN HYDROLOGIC AND COASTAL
ENVIRONMENTS

N.H. BROOKS, Calif. Inst. of Technology, School of Engineering,
Pasadena, California 91109

Hydrodynamics problems of dispersion in hydrologic and
ccastal environments will be studied theoretically, in the labora-
tory, and in some instances in the field. The various areas and
problems to be considered are:

(1) Natural rivers: longitudinal dispersion, transverse turbu-
lent diffusion, velocity distributions. (2) Reservoirs and lakes: ar-
tificial large-scale mixing; buoyant piumes in stratified environ.
ment. (3) Ground-water basins: source of buoyancy in a current;
free and forced convection. (4) Estuaries: longitudinal dispersion.
(5) Oceans (nearshore): buoyant plumes in a current; sewage
field thickness; large scale diffusion.

Turbulent diffusion and density-stratified flow phenomena
are common to several areas above,

Work will not be conducted in all areas simultaneously but
rather a continuing program at a modest level wili be developed.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

2.0052, BIG EDDIES AND MIXING PROCESSES IN THE
GREAT LAKES
G.T. CSANADY, Univ. of Waterloo, School of Engineering,
Waterloo - Ontario, Canada

Disposal of domestic and industrial waste in the Great Lakes
requires a knowledge of the mixing processes involved. Previous
work of the principal investigator and his collaborators has shown
that mixing in the vertical depends critically on the supply of rela-
tively large eddies, occurring in a more or less organized pattern,
and often giving rise to a streaky appearance of the lake surface.
The physical mechanism causing such ‘streaking ¢ is not known
(although several speculative explanations have been proposed),
nor is it clear what eddy structure would be set up in a wind driven
current or in a gradient current, or how such structure would be
modified by convective effects due to surface cooling. The object
of the present project is to investigate the eddy structure of the
surface layers of the Great Lakes, particularly as regards big ed-
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dies (which are known to determine mixing processes in turbulent
flow) and relate this to observable diffusive properties of lake cur-
rents.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ct.

2.0053, TRITIUM AS A TRACER FOR MIXING
PROCESSES
G.H. OSTLUND, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124

This is a continuing study of the distribution of fusion-bomb
produced tritium in the .quatorial Atlantic. Combined with salini-
ty distribution the tritium data have yielded insight into the rela-
tive roles of horizontal and vertical mixing. Cruises in 1965 and
1967 have collected some 320 samples from the Equatorial At.
lantic Current System and it is proposed to complete these
analyses. The implications of thesc ata will be investigated, rela-
tive to mixing processes, origins and time scales of components of
the current system, etc.

SUPPORTED BY U.S. National Science Foundation

2.0054, MIXING PROCESSES INFLUENCING THE
OCEANIC ENVIRONMENT

C. ROOTH, Univ. of Miami, Graduate School, Miami - Coral Ga-
bles, Florida 33124 (NONR)

Objective: The prediction of oceanic environmental condi.
tions influencing naval operations and the effectiveness of naval
systems and equipments requires an understanding of the physical
processes causing changes within the environment. The aim of
this research is to determine the nature of mixing processes such
as those in t'ie surface layers that influence the thermal structure,
and those i the seabed influencing the operation of underwater
facilities.

Approach: Analyses are being made of material from previ-
ous laboratory experiments and field studies on entrainment ef-
fects and turbulence penetration in pycnoclines and on oceanic
velocity spectra obtained from moored current-meter arrays,
They are to be the basis for the formualtion of a mixing theory for
the interior of the oceans. The effects of density-modifying
processes acting at the lateral boundaries of a basin (frictional
mixing and geothermal heat flow) also are being studied with a
number of theoretical and laboratory models.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0055, STUDY OF OCEANIC TURBULENCE
B. GALLAGHER, Univ. of Hawaii, Graduate School, Honolulu,
Hawaii 96822
Increased knowledge of the structure of oceanic turbulence

is necessary to further understanding of the dynamics and trans-
port processes in the sea. It is proposed to begin measurements of
this structure in a deep ocean location where the spatial nature of
the turbulence is expected to be least complex. The measure-
ments are designed to reveal the spatial structure of the motion in
a form to which turbulence theories can be applied. Values for

aragleters of energy dissipation and vertical diffusion will be
ound.

SUPPORTED BY U.S. National Science Foundation

2.0056, TURBULENT DIFFUSION STUDY
D.W. PRITCHARD, Johns Hopkins University, Graduate School,
Baltimore, Maryland 21218 (NONR)

The aim is 1o study turbulent diffusion in estuarine and
coastal waters, Emphasis during the coming year is upon the ef-
fects of spatial variations in the velocity field on the shape and
concentration distribution of a cloud introduced as an instantane.-
ous local source. A field experiment will be conducted in Ches-
apeake Bay to obtain data on the relationship betweeii the local
shear in the horizontal velocity field and the shape, during early
stages of dispersion of a nearly instantaneous source. Other field
studies include the study of vertical diffusion through the pyc-
nocline in a tidal estuary and the study of large scale advective
and diffusive processes which control the longitudinal distribution
of salinity in an estuary.
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This study will contribute to understanding short-term small-
scale fluctuations in temperature in shallow water and estuarine
areas a-,'vell as to the fate of contaminants introduced deliberate-
ly or accidentally.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0057, EXPERIMENTAL AND THEORETICAL STUDY
OF THE HYDRODYNAMICS OF DISPERSION IN RIVERS
AND ESTUARIES
M.P. TULIN, Hydronautics Incorporated, Laurel, Maryland

The general aims of the proposed research are: 1. To im-
prove understanding of river hydraulics inasmuch as it has a bear-
ing on dispersion. 2. To develop methods enabling the calculation
of the velocity distribution in streams, which may be used to
determine the dispersion coefficient, and to provide systematical
experimental assessment of the results. 3. To provide experimen-
tally verified, quantitative results relating to dispersion in chan-
nels with varying aspect ratio and boundary roughness distribu-
tion. 4. To develop quantitative verified theories relating com-
ponents of the dispersion tensor to the mean flow characteristics.
5. To provide useful and verified information and procedures
relating to the scaling and model testing of dispersion in streams.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch

2.0058, RESEARCH ON TURBULENT CONVECTION
E. MOLLOCHRISTENS, Mass. Inst. of Technology, Graduate
School, Cambridge, Massachusetts 02139

Turbulent convection is one of the important processes in
geophysical fluid mechanics. The research was for the purpose of
obtaining more information about the phenomenon from labora-
tory experiments performed under controlled conditions. The ex-
periments involved observations of statistical measures of the tur-
bulent flucinations, such as spatial covariance, time and space in-
termittency, spectra in frequency and wave number. Turbulent
convection in a stratified medium was also investigated.

SUPPORTED BY U.S. Dept. of Defense - Air Force

2.0059, RESEARCH IN OCEANIC PHYSIC
H.M. STOMMEL, Mass. Inst. of Techrology, Graduate School,
Cambridge, Massachusetts 02139

The program centers about 2 field study of the small scale
structures and mixing processes within the main thermocline of
the subtropical Atlantic ocean. Various new forms of instrumen-
tation will be used to measure shear, density stability, and life his-
tory of laminae on vertical scales of less than ten meters. The field
study is scheduled for the Research Vessel ATLANTIS II on Au-
gust 28 - September 19, 1968, southeast of Bermuda.

Theoretical study of the Ekman layer in the presence of
strong heating and application to the Trade wind region of the
ocean is contemplated. Also a laboratory mecdel-study and
theoretical study of density tongues in rotating density-stratified
fluids is being pursued: with the hope of eventual ap&lication to
interpretation of the spreading of water-masses at depth.

During the Spring of 1969 an attempt will be made to locate,
identify, and intensively survey a region of active bottom -water
formation in the Ligurian Sea. A continuous monitoring of the
cold- upwelling region off Somaiia, associated with the Monsoon
induceg Somali Current is also in progress in the hope of provid-
ing definite information on the time of response of an ocean cur-
rent to variable wind-stress. The latter investigations are meant to
be part of the U.S.-Italy Cooperative Science Program.

SUPPORTED BY U.S. National Science Foundation

2,0060, VERTICAL MOTIONS
A.D. VOORHIS, Woods Hole Oceanographic ~
Massachusetts 02543 (NG0014-66-C0241)
Experiments are being carried out to measure vertical mo-
tion and vorticity in depths ranging from 300 to 3000 meters of
water in the northwest North Atlantic. Neutrally buoyant floats
with vanes that cause rotation as water moves vertically past them
are being used. Rotation is reported acoustically to the tending
ship. An experiment is {0 be carried out in the vicinity of a

s

-+, Woods Hole,
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mcored array of current meters to study the partition of kinetic
and potential energy in the oceans. Other measurements also will
be made at the edge of the Gulf Stream where turbulence is high.

Little is known about the vertical movement of water in the
oceans. This program is attempting to measure such movement. it
influences the displacement and deployment of naval systems in
deep water. Therefore, the magnitude of such motions should be
known and sufficiently understood to predict them.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0061, SALiINITY INTRUSION AND  RELATED
PHENOMENA
H.B. SIMMONS, U.S. Army, Waterways Experiment Sta. ,
Vicksburg, Mississippi

The objective of this project is to determine, for conditions of
open channels subject to salt-water intrusion and tidal osciilations
from the sea, the factors which control the extent of salinity intru-
sion, the degree of vertical mixing of salt and fresh water, the
magnitudes and durations of current velocities at all depths, and
the movement and deposition of sediments as influenced by den-
sity effects.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0062, CHARACTERISTICS, CAUSES, AND PREDIC-
TICN OF UPWELLING WATER MASSESS OFF OREGON

R. SMITH, Oregon State University, Graduate School, Corvallis,
Oregon 97331

Objective: The efficiency of search and rescue, underwater
construction and other operations can be strongly influenced by
the character and motion of water masses in the operating area.
One commonly occurring and very distinct water mass off the
west coast of the U. S. results from an intermittent upwelling of
deep cold water into the near surface water. A thorough un-
derstanding of this upwelling process and the associated changes
in horizontal currents and water properties should allow their pre-
dictign both in the study area and in similar areas elsewhere in the
world.

Approach: Interrelationships between upwelling, tides, local
weather, water properties and currents are being studied using
concurrent measurements of sea level, atmospheric pressure, and
the temperature, salinity, and oxygen content of water. In addi-
tion information on currents is being obtained both from tracking
drogues which drift with the currents and from fixed current me-
ters anchored above the continental shelf. A team of qualified
researchers, mostly advanced graduate students, is carrying out
detailed but coordinated studies on various aspects of the pro-
gram. As the interrelationships become more clearly defined, pre-
dictive models will be constructed and tested.

SUPPORTED BY U.S. Dept. of Defense - Navy

2,0063, CATALYSIS AND KINETICS OF MANGANOUS
ION OXIDATION IN AQUEOUS SOLUTION AND AD-
SORBED ON THE SURFACES OF SOLID OXIDES
R.W. COUGHLIN, Lehigh University, School of Engineering,
Bethlehem, Pennsylvania 18015

In view of the several mechanisms which have been proposed
for the formation of manganese nodules, and because of the need
for further quantitative data on manganese chemistry, this
proposal sets forth a program which would: 1. Study the adsorp-
tion of soluble manganese from aqueous solution on the surfaces
of various solid oxides (especially those of manganese and iron)
with the goal of obtaining information about the nature of adsorp-
tion and double-layer formation. It will be of special importance
to investigate the effects on these processes of foreign ions, com-
plexing molecules, etc. 2. Study kinetics and mechanisms for the
oxidation of manganous ions both in aqueous solution and &t solid
oxide suifaces (expecially those of manganese and iron). The
possible catalytic action of these surfaces will be of special in-
terest.

SUPPORTED BY U.S. National Science Foundation




2.0064, HORIZOMTAL DISPERSION IN SHALLOW
ESTUARIES OF JRREGULAR SHAPE

F.D. MASCH, Univ, of Texas, School of Engineering, Austin,
Texas 78712

This proposed research irvolves the devzlopment and verifi-
cation of a numerical mode! to eviluate transport characteristics
in shallow vertically-mixed estuaries of irregular shape. The
model is designed to assist in developing water quality require-
merits and evaluating the assimilative capabilities of the shallow
irregular estuaries found along the Gulf Coast of the United
States.

The study includes the following three phases: 1. Adaptation
of an expiicit numerical model of the two-dimensional convective
dispersion equation to the irregularly-shaped estuary. 2. Evalua-
tion of the dispersion coefficients from graphical and analytical
considerations of the circulation and scale of turbulence in the
estuary. 3. Verification of Phases 1 and 2 in a hydraulic model
and then in the field. :

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of Texas

2.0065, COLUMBIA RIVER THE
NORTHEAST PACIFIC

C.A. BARNES, Univ. of Washington, Graduate School, Seattle,
Washington 981722 (AT(45-1)-1725)

WHETTEN

This study, started in 1961, aims to describe quantitatively
the Columbia River watei and its load of materials in the
Northeast Pacific, stressing the movement, mixing, growth, and
decay of the lobe of river water throughout the year and unique
physical, chemical, biologi:ul, and geological properties that
identify these waters. An attempt is made to relate conditions
found with causative oceanographic and meteorological factors,
to explain pertinent processes, and to establish a base for predict-
ing general behavior at sea cf river water and its transported load.

Analysis and interpretation continue of conventional
oceanographic measurements and collections made on 60 cruises,
covering 165,000 kilometers in 825 days at sea and providing
154,000 water samples; 14,900 productivity measurements; 8200
phytoplankton, 2500 zooplankton, 2400 sediment samples; in situ
gamma-activity measurements; seabed drifter movement; and
miscellaneous samples and observations.

Columbia River effluent mcves in response to wind and cur-
rent, north in winter and south in summer. Nutrients and dis-
solved oxygen have been correlated with mass rroperties and with
the productivity and distribution of phytoplankton. Phytoplank-
ton studies include productivity-chlorophyll ratios, taxonomic
composition, size distribution, seasonal and diurnal variations,
and response to light. Preliminary attention has been given to
zooplankton speciation and abundance and to benthos. The
bathymetry 500 km seaward from Washington and Oregon has
been described, and initial reflection studies made of the subbot-
tom. Mineral types, mechanical characteristics, chemical nature,
microorganisms, radioactivity, and movement of the sediments
have been described in part, and lower river reservoirs have been
examined for characteristics, configuration and movement of bot-
tom sediments. Detailed observations currently are being made
near the river mouth, at the edge of the river plume, and of water
and sediment movement near bottom. Coordination is maintainad
with pertinent ONR, NSF, ESSA, USGS, other AEC prcjects and
with local Par. fic coast groups, including Canadian.

SUPPORTED BY U.S. Atomic Energy Commission
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2.0066, UNSTEADY FLOW AND SALINE INTRUSION IN
ESTUARIES
R.A. BALTZER, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

It is of fundamental importance to recognize that flow in
natural channels is basically unsteady flow. To be sure, the degree
of its unsteadiness is often of such minor significance that, with
sound reason, such flow can be assumed to be stcady flow,
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thereby taking advantage of greatly simplified analytic represen-
tation. Mevertheless, proper and thorough understanding of the
mechanics of unsteady flow is important per se in determining the
discharge of regulated streams, in flood routing, in determining
flows in tidal reaches of homogeneous density, and, in fact, in any
situation where open-channel flow cannot be assumed to be
steady flow. Moreover, an understanding of th:: mechanics of un-
steady flow is fundamental to improving th¢ understanding of
saline intrusion and diffusion in estuaries.

The ultimate objective of this investigation is the develop-
ment of mathematical models representing unsteady open-chan-
nel flow, particularly as associated with estuarine channels. These
models, hopefully, could then be used to predict flow using cer-
tain field obtained parameters -- to determine such quantities as
gutﬂow, saline intrusion, and effects of channel char3s upon

ow.

A thorough appraisal of present knowledge of unsteady,
open-channel flow is being conducted, including categorization of
flow types and their required mathematical representation.
Mathematical models will be derived and evaluated utilizing vari-
ous solution techniques employing both analog and high-speed
digital computers. Selected field data will be employed in the
evaluation process.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

2.0067, HYDROLOGY OF UPPER OLD TAMPA BAY,
FLORIDA

J.A. MANN, U.S. Dept. of Interior, Water Resources Division,
Tallahassee, Florida '

This research is part of the program of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of Florida.

Purpose: To provide data for evaluating the hydrological ef-
fects of conversion of the bay into a fresh water lake and informa-
tion by which to judge the feasibility of similar plans in other areas
of the State,

Methods: The study will include the area of the proposed
lake and an additional 25 to 35 square miles of land adjacent te
the lake in Hillsborough and Pinellas Counties. The quantity and
quality of surface and ground-water inflow into the bay will be
determined. Continucus conductivity and stage gages will be in-
stalled on the lake and the bay, and on selected wells in the area
to determine the degree of interconnection between the aquifers
and the fresh water lake. Conductivity traverses wilt be made of
the upper part of the bay, supplemented by sampling sites, to
determine ground-water discharge into the bay. An evaluation
will be made of existing geologic and hydrologic data to deter-
mine the relation between changes in water quality and ground-
water storage. The uceal extent, thickness, and permeability of
clay beds underlying much of the area will be deterrnined. The
fresh water-salt water intergace will be monitored continuously.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
Florida State Government

2.0068, STUDY OF LOW FREQUENCY SURFACE WAVES
IN THE PACIFIC OCEAN
G.W. GROVES, Univ. of Hawaii, Graduate School, Honolulu,
Hawaii 96822

Movement of water in the ocean is related to vertical move-
ment of the sea surface, but in a way which is not yet clear. As
soon as a relation is established, it will be possible to use tide
gauge records to study historical variations in oceanic water
movement and their long-term statistical properties. The object of
this present work is to study movement of the sea surface and to
try to account for the observed activity in terms of local weather,
plaretary waves, turbulence, ctc. Long series of tide -gauge and
weather data at Pacific Islands will be used. Cross spectra and
other statistica! propertics of sea level and weather at one lcea-
tion, as well as at differe - locations will be studied. Existing theo-
ries, especially the planc.ary wave theories of Longuet-Higgins,
will be found compatible or incompatible with the results.

SUPPORTED BY U.S. Nationa! Science Foundation
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2.0069, OCEAN KINEMATICS DYNAMICS
D.W. PRITCHARD, Johns Hopkins University, Graduate Sckool,
Baltimore, Maryland 21218 (NONR)

The purpose of this study are: (1) to measure the turbulent
velocities in estuaries and coastal waters corresponding to eddy
scales of the order of centimeters to 100 meters (2) to determine
the statistical character of the turbulent velocity fluctuation in
this scale range; (3) compare turbulent velocity spectra with
theory; and (4) determine influences of boundaries, stability and
wave induced motion on velocity spectra in this scale range. Dur-
ing the coming year, analyses of data from a field program in June
1967 will be completed and a field program in a Chesapeake Bay
tributary will be undertaken to study spatial coherence and boun-
dary effects upon turbulent eddies.

SUPPORTED BY U.S. Dept. of Defense - Navy

20070, THEORY OF LARGE-SCALE ATMOSPHERIC
AND OCEANIC PROCESSES

J.G. CHARNEY, Mass. Inst. of Technology, Graduate School,
Cambridge, Massachusetts 02139

The objective of this work is to continue to apply analytic,
computational and experimental methods to the study of a large-
scale atmospheric and oceanic processes with the intent of incor-
porating these methods into mathematical models of the general
circulatiori.

The work is subdivided into several parts: (1) tropical circu-
lations - includes the development of a two-level numerical model
for studying the symmetric Hadley ITC circulation and its interac-
tion with asymmetric wave-circulation at higher latitudes,
problems of the growth of disturbances in the ITC, and the rela-
tion of cumulus convection to the large scale field of convergence
in the boundary layer; (2) equatorial jets - includes work on a
theory of combined wind-driven, thermohaline equatorial un-
dercurrent in a baroclinic ocean and numerical integration to ob-
tain explicit solutions; (3) wave propagation in ocean and ast-
mosphere - includes theoretical and observational work on iner-
tial oscillations in the ocean, the manner in which large-scale
eddy motion in mid-latitudes arising from baroclinic instability
might propagate to low latitudes, and a check on predicted v
spectra in the tropics with computations of v spectra from obser-
vations; (4) mathematical problems in numerical weather predic-
tion - includes programming basic numerical prediction barotrop-
ic and baroclinic models for use in several types of numerical
work inicluding short-range prediction and the development of an
objective analysis scheme; and (5) miscellaneous - includes the
development of a nuraerical model to study the circulations
produced in polar seas by the freezing of surface waters and work
on mechanically and thermally produced symmetric circulations
in a spherical annulus.

SUPPORTED BY U.S. National Science Foundation

2.0071, CCEAN DYNAMICS EXPERIMENTS
N.P. FOFONOFF, Woods Hole Oceanographic Inst. , Woods
Hole, Massachusetts 02543 (N00014-66-C0241)

This is primarily a program of field observations and experi-
ments. Its objective is 2 better understanding of the kinematics
and dynamics of internal motions of both surface and deep
waters. Concomitant development of instrumentation for time se-
ries measurements of velocity and thermal structure is necessary.
Specific characteristics being studied are the frequency spectra of
mechanical energy and their spatial distributions. Operational
facilities include ships, moored buoy arrays and neutrally-buoyant
fioats as well as shore side computer, shop and office facilities.

irect measurements of time series of velocity and temperature
are made by specialized internally recording packages. To date
measurement sites have been limited to the western North Atlan-
tic.

This study is expected to provide improved understanding of
the variability of the environment. Improved knowledge of inter-
nal motions in the sea will have an impact on the planning and ex-
ecution of subsurface resuce, recovery and assistance missions.

SUPPORTED BY U.S. Dept. of Defense - Navy
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2.0072, OCEAN DYNAMICS EXPERIMENTS
N.P. FOFONOFF, Woods Hole Oceanographic Inst. , Woods
Hole, Massachusests 02543 (N00014-66-C(241)

The objective is to gain an understanding of the ocean as a
dynamic system in all of its complexity. This is being pursued
through time series measurements of the spectra of horizentai
kinetic energy and associated fluctuations in the internal tem-
perature field. The program for the first six months of 1968 is in-
tended to carry out a sequence of steps which are necessary in
order to reach the long-term goals, In doing so, the proposal de-
parts from those of recent years. The commitment to a program
of systemiatic measurements at particular sites has been tem-
porarily shelved. In its place, a flexible program giving first priori-
ty to studies aimed at improving the performance of moorings and
instruments has been substituted. As soon as a better capability
for retrieval of moorings is achieved, it is proposed to return to a
program whose main emphasis is scientifie.

This study is expected to provide major improvement in our
understanding of kinetics and dynamics of the ocean which will
have an impact on the desiga of high speed deep running vehicles
of the future. It also provides understanding of the variability of
the environment.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0073, STUDIES IN THE INDIAN OCEAN
A.R. MILLER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

The objectives are: (1) to process and analyze data collected
from field work in the Indian Ocean during the International Indi-
an Ocean Expedition with respect to problems of physical
oceanography; (2) to determine the circulation of the Westera In-
dian Ocean in whole and in its parts, from the data at hand; (3) to
make use of and extend the capabilities of computer techniques
insofar as they are related to the general problem of Indian Ocean
circulation.

The general problem is to determine the effects of the mon-
soon system on the circulations. These effects are interactive.
Consequently, the various phenomena observed appear to be
closely related seasonally and causally. Transport losses, for in-
stance, indicate significant transfers of moisture to the
meteorological environment. Observed strong upwellings, while
associated with coastal regions, are related to the westward inten-
sification current. This current, in turn, is continuous with a major
system south of the equator. The changing monscon, in part, may
be considered a controlling element over the general circulation
and, in part, a major driving force. Peripheral seas provide a decp
circulation whose effects may also be seasonal in character.

Two major cruises ¢ ATLANTIS II to the Indian Ocean have
provided data for this study. Thes will be combined with data ob-
tained by other research vessels such as the DISCOVERY,
METEOR, DIAMANTINA and KISTNA. Data will be shared
with other participants of the Expedition as they are processed
and become available.

SUPPORTED BY U.S. National Science Foundation

go%‘g GREAT LAKES RESEARCH - HARBOR CUR-
E

J.G. HOUSLEY, US. Army, Lake Survey, Detroit, Michigan
48226

Objective is to acquire data on winds, currents, waves, water-
level fluctuations, atmospheric pressure variations, and lake cur-
rents in the vicinity of harbors in order to determine their effect
on currents in harbors, and pollution hazards engendered by the
lack of currents. Mathematical equations or models will be
derived refating currents in harbors with their causative forces
and harbor geometry. Flushing rates will be established. The
results are applicable to the design or redesign of new and existing
harbors, including approach channels.

Currents were measured: 1964 in Calument, Racine,
Muskegon, and Sturgeon Bay harbors; 1965 in Little Lake, Fair-
port, and Buffalo harbors; and 1966 in Harbor Beach and Toledo
harbors. Data and analysis of currents and associated variables in
Little Lake Harbor, Lake Superior, was published in 1966. Dur-
ing FY 69 analysis of the data will be continued, and preparation
of reports for the various harbors will be coritinued.

PR




SUPPGRTED BY U.S. Dept. of Defense - Army

2.0075, FLOW AND SALINITY IN THE HUDSON ESTUA-
RY, NEW YORK

M.W. BUSBY, U.S. Dept. of Interior, Water Resources Division,
Albany, New York 12201

This research is part of the progiam of water resources in-
vestigations conducted by the U. S. Geological Survey in coopera-
tion with the State of New York.

Purpose: To define the physical and chemical characteristics
of the water in the estuary in order to provide a basis for manage-
irent of this resource.

Method: River stage at each end of a reach (Poughkeepsie to
Clinton) is continuously recorded. These time-synchronized
stages are used with the power series method developed by
Baltzer and Lai to compute tidal volumes. Water conductivity and
temperature are continuously recorded at Poughkeepsie, Beacon,
Peekskill and Peirmont. The conductivity data (a measure of
saiinity) will be related to tidal volume and movement and to
fresh-water inflow as measured by several gaging stations on
tributaries to the estuary.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
New York State Government

20076, PHYSICAL GCEANOGRPAHY IN OREGON
SHELF AND SLOPE WATERS

J.G. PATULIO, Oregon State University, Graduate School, Cor-
vallis, Oregon 97331

Study of the dynamics and the physical properties of the
water over the continental shelf and slope off Oregon will be con-
tinued. Competence in using moored recording current meters
and thermographs on the continental shelf and in the aualysis of
the time-series obtained has been acquired during the past two
years,

It is proposed that the measurement program on the shelf be
continued and expanded to allow 3-dimensional arrays of instru-
ment strings to be used. This expanded program will allow deter-
minations of the spatial scale of the upwelling phenomenon, tem-
perature inversions, inertial current flow, etc. The static and the
dynamic stabilities which influence mixing will be studied, par-
ticularly in the region of the temperature inversion. it is further
proposed to extend the measurernent program offshore to study
the water above the continental slope. The continental shelf and
slope waters are dynamically interesting because the upwelled
water moving offshore meets oceanic water to form a front. The
slope region is also where we expect the subsurface poleward flow
that many workers think characteristic of a coastal upwelling re-
gion.

The longer time-series records will allow investigation of the
response of the coastal regime to longer period atmospheric
systems. Detailed descriptive statistical analyses will be made of
all data. The feasibility of prediction will be studied. Construction
of a numerical model for prediction will be made based on the
various transfer functions obtained from the time -series measure-
ments.

SUPPORTED BY U.S. National Science foundation
2D. TIDES-SEA LEVELS-SEA STATES

2.0077, GRAVITY AND EARTH TIDES
L.B. SLICHTER, Univ. of California, Inst. of Geophys. & Pla.
Phys. , Los Angeles - U.C.L.A. , California 90024

Attempts to determine the difference, in amplitude and
phase angle, between observed and theoretical earth tides will be
made. Measurements of the long-period fortnightly tide and the
carth’s free vibrations will be obtained in Antarctica where un-
desirable noise from perturbations in the earth’s rotation is
minimal.

This research is of basic importance in determining (1) the
physical nature of the materials forming the solid earth, and (2)
the response of the solid earth to tidal forces. Such information
has direct bearing on seismic wave propagation, tides in the open

gcd:an, and the deformation of continental margins by ocean
s. _
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2.0078, INTERRELATIONS WITHIN THE PHYSICAL EN-
VIRONMENT

J.F. SAUR, U.S. Dept. of Interior, Biological Laboratory, Palo
Alto - Stanford, California

The ultimate objective of the Ocean Research Program is to
attain the capability of predicting the abundance and distribution
of commercial fishes and thereby increase the efficiency of their
harvest. This requires not only information on the state of
oceanographic conditions, but also on the physical processes that
bring about changes of the state of conditions as they occur with
the passage of time. The interacting processes involved in a chain
of events will determine the magnitude, time lags and persistence,
all of which are pertinent to prediction. Knowledge of the
processes leading to the event wilf also provide insight as to their
effect on the biotic community supporting the fish population,
For instance, the temperature of a region may be changed either
by incursion of a different water mass or by an alteration of heat
exchange across the air-sea interface. In the one case a new
plankton community will be brought into the region and in the
other a new set of conditions would be imposed on plankton com-
munity already populating the region.

The objectives of this project are to describe and to reach an
understanding of the nature of the interrelationships occurring
between parameters of the physical environment, that is, the mag-
nitude and duration of changes, the time lags between changes in
the parameters, and the interdependence between parameters.
Primary effort under the project at this time is a study of varia-
tions of monthly mean sea levels and their relation to atmospheric
conditions and density structure of the ocean.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

2.0079, A GLOBAL DIRECTORY OF TIDAL CONSTANTS
M.C. HENDERSHOTT, Univ. of California, Graduate School,
San Diego - La Jolla, California 92038

All available tidal constants derived from observations at
coastal and island stations are being collected into an updateable
directory written on magnetic tape from which the constants over
an arbitrary coastal on island arc may be extracted in the form
needed in constructing cotidal maps.

SUPPORTED BY Alfred P. Sloan Foundation

2.0080, OCEAN WAVES AND TIDES
W.H. MUNK, Univ. of California, Graduate School, San Diege -
La Jolla, California 92038 (NONR)

The objective oi"this investigation is to study tides in the open
ocean and concurrently, temperature variations and water motion
near the sea hed. The program includes the development of in-
strumentation and field measurements. During the coming year,a
field experiinent will be conducted to determine the horizontal
coherence of tidal curents and long waves immediately above the
bottom in deep water. The thermal and velocity structure of the
benthic boundary layer also will be investigated and methods for
analyzing time series will be improved.

The Navy is embarked upon a deep ocean technology pro-
gram designed to improve man’s capability to work and install
equipment on the ocean floor. In addition, sound propagation is
affected by physical variations in the deep ocean waters. This ef-
fort will provide knowledge of the variations and causes of such
variations pertinent to these problems.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0081, STUDIES OF BARACLINIC TIDAL MOTIONS ON
g%lngé)NTiNENTAL SHELF OF THE EASTERN UNITED
P.P. NIILER, Nova Univerrity, Graduate School, Fort Lau-
derdale, Florida

Large baroclinic tidal motions occur in the Florida Straits
and there is evidence for their existence also on the Blake
Plateau. It is proposed to carry out a theoretical and experimental
analysis to explain their nature and cause. The theories will be re-
lated to exisiting ficld measurements and new expesiments will be
designed to test the theories in a critical manner.
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SUPPORTED BY U.S. National Science Foundation

2.0082, THE NET EFFECT OF WIND ON RECREA-
TIONAL TIDAL STREAMS IN FLOKIDA

D.H. MOREAU, Univ. of Florida, Schocl of Engineering,
Gainesville, Florida 32601

Wind stresses acting upon the surface of these shallow tidal
rivers and their embayments along portions of the Gulf coast of
Florida at times other than during storms can bring about water
level changes as great as those resulting from the pericdic tide
producing forces. The development of procedures to determine
the net effect of wind and astronomical tides upon water levels in
these tidal rivers is becoming increasingly important with respect
to their influence upon recreational use of the river and upon the
aquatic environment of the rivers and their estuaries.

The basic data for this correlation study will be that which
has been recorded at Cedar Key, Florida for the period July 1,
1963 through June 30, 1964.

It is proposed that the data be subjected to a time-series anal-
ysis consisting of the resolution of the data into two components:
(1) an oscillatory series representing astronomical tidal action,
and (2) a residual series representing the effect of wind and
possibly the interaction of wind and astronomical tidal action.

SUPPORTED BY U.S. Dept. of Interior - O, Water Res. Rch
University of Florida

2.0083, SPECTRAL ANALYSIS OF TIDAL CURRENTS
V. GRAEFE, Univ. of Hawaii, Hawaii Inst. of Geophysics,
Honolulu, Hawaii 96822

Current data that had been collected under the direction of
K. Wyrtki near the Hawaiian Islands were analyzed to determine
the direction from which the diurnal and semidiurnal tides ap-
proach Hawaii. Fifteen series of current data, each covering a
period of three to four weeks, had been obtained at ten locations
near the Hawaiian Islands, and two series near Palmyra Island.
The data of each series were first subjected to a linear filter that
rejected all frequencies lower than 1 cpd or higher than 2 cpd,
and then a Fourier analysis was performed. The diurnal and
semidiurnal Fourier components were used to compute idealized
current ellipses for the two frequencies, and the phase differences
betweer. the Fourier components of the current and the cor-
responding Fourier components of the sea level were also deter-
mined.

The tentative results of this study are as follows for the
Hawaiian Islands: (1) the diurnal tide approaches the islands from
a northeasterly direction; (2) the semidiurnal tide from a
southwesterly direction. The general flow pattern of the tidal cur-
rents between the islands can be determined with a fair degree of
accuracy; at certain times, however, the pattern seems to be wide-
ly distorted, probably by superimposed long-period currents (per-
haps eddies caused by the North Equatorial cutrent).

The results for Palmyra are inconclusive, probably because
various diurnal and semidiurnal tidal waves, from different
directions, arrive with slightly different frequencies at Palmyra.
Trie available time series are too short to permit discrimination
between the various diurnal or semidiurnai constituents, hence
the method wil! give conclusive results only if all major diurnal
and all major semidiurnal waves arrive from approximately the
same direction.

SUPPORTED BY  University of Hawaii

2.0084, USE OF TIDAL POWER AND OTHER OCEAN
ENERGY SOURCES
R.H. CHARLIER, Northeastern Ill. State Coll. , Graduate School,
Chicago, Hlinois 60625

Survey all likeable sites for harnessing tidal power. Establish
feasibility (engineering, financial costs, productivity, inclusion in
national grid, consumers market) of various geographical loca-
tions. Examine potential of other energy sources from ocean.

Compile comprehensive bibliography, with abstracts, of
publications dealing with the tapping of energy resources from
the ocean.

*Only supﬁort received was a French Francs $500 grant for
library research from the Institut Oceanographique de Monaco
(J. Y. Cousteau, Director) in May 1968. ’
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2.0085, LONG-PERIOD WAVES
H.M. STOMMEL, Mass. Inst. of Technology, Graduate School,
Cambridge, Massachusetts 02139 (NONR)

This is a field operation to be carried out near Bennuda.
Using newly available differential pressure sensing devices
mounted on bottom, it is expected that instantaneous sea level
will be resolvable to better than one centimeter at depths exceed-
ing 3000 meters. Bottom- mounting of arrays in relatively shallow
water should yield spatial information about propagating periodic
surface dist~bances of periods less than the semi-diurnal tidal
period. Stav..ucal techniques should permit amplitude resolution
to better than one millimeter. immediate goals include in-house
sensor evaluation, development of suitable control and recording
equipment, packaging, and field testing.

Understanding, based on field measurements, of the spatial
distribution and frequency of occurrence of propagating long-
period surface fluctuations is fundamental to our knowledge of
variability in the ocean.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0086, GREAT LAKES RESEARCH - WATER-LEVEL

DISTURBANCES

.‘{SG éiOUSLE Y, US. Army, Lake Survey, Detroit, Michigan
22

Water-level disturbances are caused by various ferces, in-
cluding astronomical tides, wind tides, surges, and seiches.
Research investigates the formation of these water-level
disturbances, their patterns and distribution over the lakes, and
their effects on water levels in harbors and in rivers. The derived
mathematical models of water motion and its relationship with
causative forces are used to develop methods of forecasting dan-
gerous long-period waves and currents, and changes in depths and
quantities of water.

A set of 16 water-level recorders was in operation on Lake
Michigan in 1964. The data have been reduced, and spectral anal-
ysis is in progress. Data from 22 water-level gages in Lake Eric
will be used to investigate three-dimensional oscillations of Lake
Eriein FY 69.

A contract for thenretica! investigation of three-dimensional
seiches in Lake Erie is in progress.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0087, TIDAL FLOWS IN RIVERS AND HARBORS
J.B. TIFFANY, US. Army, Waterways Experiment Sta. ,
Vicksburg, Mississippi

SCHULTZ

The committee known as the Committet. on Tidal Hydraulic
has been established consisting of civilian employees in various
Corps of Engineers Division Offices, District offices, and labora-
tories who are familiar with tidal theories and tidal problems. The
objectives of the Committee are to recommend programs of stu-
dy, investigation, and rescarch designed to provide the knowledge
necessary to arrive at adequate solutions for the engineering
problems associated with tidal phenomena, and to render such
consultations and advice on specific problems in tidal waterways
as may be requested by various offices of the Corps of Engineers.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0088, TIDAL DISCHARGE RESEARCH, NEW JERSEY
A.C. LENDO, U.S. Dept. of Interior, Water Resources Division,
Trenton, New Jersey

This research is part of the program of water resources in-
vestigations conducted by the U. Sp Geological Survey in coopera-
tion with the State of New Jersey, the Corps of Engineers, and the
Federal Water Pollution Control Administration.

Purpose: To develop and improve techniques for the collec-
tion of tidal stage, discharge, quality of water, and sediment data.

Methods: Synchronous records of tidal stage have been col-
lec ed by digital recorders at estuary stations, computer ﬁrograms
=r¢ used to compile these records. Discharge equations have also
been programmed and calibration has been based on observed
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discharge by diographs and other parameters by field measure-
ment. Suspendednsediment, particle- size, and other water-quality
information is collected during discharge calibration measure-
ments to define changes during tidal cycles.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey
New Jersey State Government
U.S. Dept. of Defense - Army
U.S. Dept. of Interior - F. Water Pol. Ctl

2.0089, DETERMINATION OF TIDES IN THE REAL
OCEANS
C.L. PEKERIS, Amer. Comm. For Weizmann Inst. , New York,
New York

The Laplace tidal equations will be solved for the semidurnal
M2 tide in the real world oceans. Account will be taken of the real
coastline and of the variable depth in the real world oceans. This
work will be preceded by numerical solutions for the tides in sim-
plified models of world oceans. Computational grids down to 1
degree in size will be used.

SUPPORTED BY U.S. National Science Foundation

2.0090, THEORETICAL STUDY OF OCEAN TIDES FOR
PURPOSES OF WORLDWIDE PREDICTION

C.L. PEKERIS, Amer. Comm. For Weizmann Inst. , New York,
New York (N00014-66-C0080)

Objective: It is important that the Navy be able to predict
tides on a worldwide basis, not only in the deep sea but near shore
as well, since tidal oscillations affect Naval operations. This
research is aimed at a numerical solution of the Laplace equation
describing tidal motion for the purpose of predicting tides
anywhere in the world.

Approach: The solution of this rzoblem was described by the
late Dr. John Vor Neumann as the greatest challenge for applied
mathematicians in our generation. The solution is being obtained
by a numerical process using a large digital computer. The effect
of the main lunar or M2 tide is currently under study. Outlines of
the world’s oceans are being approximated in 1 degree segments.
Average ocean depths over 1 degree grid squares are included. As
the technique improves more complex conditions are being in-
troduced. For example, water depths over continental shelves are
being more accurately described; enclosed water masses such as
the Mediterranean will be introduced; more accurate friction laws
and even the yielding of the solid earth will be included.

SUPPORTED BY U.S. Dept. of Defense - Mavy

2.6091, THE OPTICAL PROPERTIES OF SEA WATER
AND THEIR USE IN OCEANOGRAPHIC RESEARCH &
DEVELOPMENT
G. BEARDSLEY, Oregon State University, Graduate School, Cor-
vallis, Oregon 97331

Objective. The effective use of all optical instrument systems,
including the human eye, within the marine environment requires
a knowledge of the optical properties of sea water and an un-
derstanding of how, where, and to what extent variations in these
properties will affcct system performance. In support of this
requirement, this research is investigating both theoretically and
experimentally the opticat properties of sea water, their variabili-
ty and the resultant effects on artificial and natural underwater
light fields. As a part of this, the interrelationships between opti-
cal properties and other physical oceanographic parameters such
as salinity, temperature, and suspended particles are being stu-
died with the view of developing and ?;l)lying new optical
techniques to water mass identification and delineation.

Approach. This research involves coordinated field observa-
tions, laboratory measurements, and theoretical analysis of the
scattering and absorption of light by dissolved and suspended
material in sea water. Theoretical models of light fields in sea
water are being refined as new data becomes available from field
and laboratory measurements. Continuing optical scattering mea-
surements on normal hydrographic cruises off of Newport,
Oregon, are presently being used to study local and seasonal
variations in optical properties. These data will provide the basis
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for investigating correlations between fluctuations in scattering
and the seasonal variability of the oceanographic environment off
the coast of Oregon.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0092, DIRECT AND INDIRECT DETERMINATION OF
OCEANIC WATER MASS MOTION ON ALL SCALES

J. PATTULLO, Oregon State University, Graduate School, Cor-
vallis, Oregon 97331

Objective: The efficiency of search and rescue, underwater
construction and other operations can be strongly influenced by
the character and motion of water masses in the opérating area.
This research seeks to know and understand water mass move-
ments in the ocean from smali-scale and short-lived turbulence to
large-scale and steady- state ocean currents in the NE Pacific.
Such knowledge and understanding is an important step (i) in
Jearning to predict conditions at a given time and place, and (ii) in
the future development of new operational systems, vehicles, or
platforms.

Approach: Ships and buoys will be used to continue a
detailed description of temperature, salinity, and current condi-
tions and their variations with time off the NW coast of the U. S.
Current measurements will be obtained from bottom moored cur-
rent meters, from dye diffusion field experiments, and from
tracking drogues which drift with the currents. The collection and
analysis of these data will be improved by the development of an
increased hydrographic capability and by the use of modern
techniques of signal analysis and statistics. In addition, free-diving
deep current meters and a newly designed spar buoy for collect-
ing marine meteorological data will be developed and tested.

SUPPORTED BY U.S. Deg.. of Defense - Navy
2E. WAVE DYNAMICS

2.0093, DYNAMICS OF INTERNAL WAVES AND TURBU-
LENCE IN THE THERMOCLINE

G.M. CORCOS, Univ. of California, School of Engineering,
Berkeley, California 94720

To elucidate the dynamics of the processes in the ocean
which result in the transfer of the energy originating in larger
scale motion to smaller scale agitation and which intensify and
propagate vertically the gradients of salinity and of density found
in thermoclines.

Propose to start with the study of elementary flows related to
these processes and to carry out these studies by creating
stratified flows in a heated tunnel.

A satisfactory scheme for producing a density stratification
qualitatively typical of a thermocline and a shear distribution typi-
cal of a shear zone between two currents on either side of ther-
mocline has been devised for which the Richardson number range
is appropriate for the study of infinitesimal and finite instabilities.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

2.0094, WATER WAVE DOCUMENTATION
J.E. MCNIEL, General Motors Corporatien, Goleta, California
93017

This contract requires AC-DRL to perform oceanographic
research tasks as specified. The AEC sent io AC-DRL in FY 1968
45 Data Logging Systems (individual units for measuring wave
heights) with their associated computer and data reduction
system for overhaul, storage and maintenance. At some future
time AC-DRL may be called upon to emplace these units at vari-
ous Pacific Ocean locaticns and to operate the data recording
network. In April and May 1968 12 of these units were emplaced
off Catalina Island as a practise operation. In June several practise
emplantments of the large buoy and anchor were made from a

Navy ship in 4000 feet of water using special launching gear
developed at AC-DRL.

SUPPORTED BY U.S. Atomic Energy Commission
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2.0095, GENERATION, PROPAGATION, AND COASTAL
EFFECTS OF TSUNAMIS
V.A. VANONI, Calif. Inst. of Technology, Graduate School,
Pasadena, California91109

This research will be concerned with the experimental and
theoretical study of the generation, propagation, amplification of
tsunamis (earthquake generated sea waves) and resulting effects
on the coastline. The program will involve theoretical and experi-
mental studies which will be concurrent and lend support to each
other. Specific areas to be initially examined are:

Experimental - (a) The propagation of tsunamis and the
resultant run-up on beaches of small slope and on shore-struc-
tures with steep faces. (b) The transient response of harbors to
tsunamis.

Theoretical - (a) Generation of tsunamis due to displace-
ments of the ocean bottom for several typical modes of the bot-
tom motion. (b) Propagation of two- and three-dimensional tsu-
namis through an ocean of arbitrary bottom configuration. (c)
Steepening of waves in water of decreasing depth and width varia-
tions, including the final stage of run-up on beaches. (d) The
wave forces experienced by bodies of simple shapes, both floating
and submerged, as well as fixed obstacles.

SUPPORTED BY U.S. National Sciznce Foundation

2.0096, INTERNAL WAVE RESEARCH
0.8. LEE, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To determine those environmental factors affect-
ing the acoustical uses of the ocean; to observe, define and
develope theory to predict the effects of variability in properties
of the surface layers affecting sound speed, water motion (orbital,
tidal turbulence, internal waves) and other dynamic processes; to
investigate experimental developmerits and theory of internal
waves in the ocean.

Approach: Make current reviews of progress in internal wave
research; establish criteria for experimentation and analyze data
in the light of wave theory and plausible models of the medium,;
record time-series observations at fixed points in space and at dif-
ferent geographical locations by use of a retrieveable buoyed data
system; invite capable scientists to participate in analyses of data.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0097, WAVES
W. KRAUSS, Univ. of California, Graduate School, San Diego -
La Jolla, California 92038 (NONR)

This investigation is intended to study the nonlinear interac-
tion of surface and internal waves and the effect of this process
upon oceanic temperature structure. An experiment is to be un-
dertaken to verify a previously developed theory of nonlinear in-
teraction. A theoretical study also is to be undertaken to explain
the existence oi domes observed in isothermal surfaces by
thermistor chain data in the North Pacific.

This is part of the Navy’s oceanography program aimed at
obtaining fundamental knowledge of the oceanic environment for
the needs of naval forces and should provide information that will
contribute to the development of thermal structure and environ-
mental forecasts.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0098, WAVE AND SURGE ACTION STUDY FOR LOS
AMGELES-LONG BEACH HARBORS
B.W. WILSON, Science Engineering Assoc. Inc, San Marino,
Czlifornia

This study reviews the phenomenon of surge action in San
Pedro Bay, California, and in the basins of Los Angeles and Long
Beach Harbors. It considers all observations, measurements and
analyses made in previous studies and supplements them with new
analyses of both past and recent wave recordings. In general these
analyses identify the frequencies and amplitudes of long period
wave activity. Ship behavior and surge damage to wharves and
shipping are correlated with the disturbances. The natural oscil-
lating characteristics (eigen frequencies and mode shapes) of the

42

continental shelf and oceanic basins offshore, of San Pedro Bay
within the break-water and of the harbor basins are determined
by solution of hydrodynamic equations for both mathematical
and semi-exact numerical models. These procedures are extended
to proposed new harbor basins. Necessary requirernents of
hydraulic models to simulate the conditions are considered.
Finally, the report deals with an instrumentation system design for
securing additional field data on long wave heights and currents
throughout the harbors.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0099, INTERNAL WAVE STUDY
C.A. GRISCOM, General Dynamics Corporation, Groton, Con-
necticut

This empirical study will investisate the relationships
between internal waves and tidal motions over a continental shelf
and the relationship of such motions to the temperature structure.
Analyses will be made of existing data from an area southeast of
Long Island collected by NavOceanO in 1959 and 1960. This
work is expected to yield information on: (1) tidal motions and
non-tidal drift at Texas Tower NO. 4: (2) tidal phase lag between
Texas Tower No. inshore station, the Scotland Lightship, and (3)
relationship between state of tide and variance (including internal
wave effects) in the temperature structure observed at Texas
Tower No. 4.

The results from this study should contribute to the un-
derstanding of tidal and internal wave influences upon the ther-
mal structure and, in turn, sound conditions in shelf areas.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0100, MECHANICS OF WAVE ACTION IN DEEP AND
SHALLOW WATER
T.SAVILLE, U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

Studies are made in both laboratory and field to determine
the characteristics of all types of waves (tsunamis, standing
waves, harbor surges, etc., as well as normal ocean gravity
waves), and the change in these characteristics as the waves ap-
proach shore over a shoaling bottom of varied characteristics, and
finally break. Study also involves such phenomena as wave set-up
and longshore currents which are generated by wave action. The
mechanics and kinematics of these waves are also studied.
Breakers and surf, and the reforming of waves after breaking arc
included in this study.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0101, WAVE RECORDING AND ANALYSIS
T.SAVILLE,U.S. Army, Coastal Engin. Res. Center, Washington,
District of Columbia 20016

A cooperative surf observation program with U. S. Coast
Guard collects visual data on surf height, period, direction, and
type of breaker at 16 U. S. Coast Guard stations. Statistical com-
pilation is planned.

Recorded wave data are also collected at a number of loca-
tions along U. S. Coasts, and an automated system is under
development.

Work is on a wave direction gage using a rotating sonic cur-
rent meter as the indicator and a damped Rayleigh disc is un-

derway.
Pressur~ ‘rds are also planned for obtention at a station at
70’ and 3.  .:bs directly under the present relay type gage to

obtain data on changes in pressure as related to the depth of the
gage and period of the waves.

Standardized analytical methods for engineering use are
being developed. New types of gages (such as radar, sonar, and
laser) are being stuiied.

SUPPORTED BY U.S. Dept. of Defense - Army

2(.:0102, FUNDAMENTAL PROBLEMS IN HYDRODYNAM-
ICS

G. KULIN, U.S. Dept. of Commerce, Natl. Bureau of Standards,
Washington, District of Columbia




To conduct investigations on problems such as (1) Internal
waves produced by a body of revolution moving in density-
stratified liquid to a source or sink impulse; (2) Interaction
between long waves and superposed short waves; (3) Damping of
shallow-water waves--summary of available information; and (4)
Mixing effect of raindrop impingement on a water surface,
Problems (1), (2) and (4) are primarily experimental.

Quantitative information on problem (3) already exists but
there is considerable need for collection, re-analysis and re-
evaluatica. Problem (1) has specific application to underwater
ordnance and atmospheric waves; problems (2) and (3) can be
applied to wave ans surf forecasts; and problem (4) is useful in
several areas, particularly reservoir hydraulics. This project con-
tinues NBS work on the development and application of various
measurement techniques to the solution of important hydro-
dynamic problems.

Problem (1) involves the measurement of internal waves
generated by moving bodies and other impulses. Additionally, it is
necessary to develop the corresponding theory, which has proved
difficult, particularly in the case of problem (1). In problem (2),
theory is available in the literature, but measurements on com-
plex-wave behavior under controlled conditions have never been
made. Problem (3) involves extensive literature search and infor-
mation evaluation, while problem (4) will involve primarily
photographic observations along with some analytical treatment.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

2.0103, WAVE GENERATION
P.S. DELEONIBUS, U.S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

Objective: To construct a turbulent wind wave generation
model based on simultaneous measurements of surface shearing
stresses and the directional wave spectrum. Such simultaneous
measurements will attempt to provide experimental background
required to reconcile proposed wave generation theories with ob-
served turbulent transfer of momentum.

Approach: Surface shearing stresses and wind profiles will be
measured from an outrigged probe at Argus Island ‘fower by
‘eddy correlation and will be augmented by an AGOR ship esti-
mating stress downwind from the tower by ‘dissipation*
techniques. Directional wave spectra will be recovered from sur-
face wave profile data obtained by ‘star flight' patterns flown over
the sea surface using an airborne wave profiling device. All three
component measurements will be made simultaneously during
steady state, high wave conditions, preferably after the passage of
a well-developed cold front. Wind stress estimates through ‘dis-
sipation’ will be used during BOMEX.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0104, NUMERICAL WAVE PREDICTION
P.S. DELEONIBUS, U.S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

Objective: Develop deep and shallow water wave models to
provide autcmatic forecasts of wave height and directional spec-
tsreum in the North Atlantic, North Pacific and for the South China

a.

Approach: Recent advances in numerical deep water wave
prediction technique indicate a militarily useful extension of these
models into shallow water and coastal regions. Two approaches
are being developed simultaneously. A linear model developed by
NYU and a non-linear model which employs radiative transfer
equations are being extended into shallow water. Wave sensors
for use aboard ships, aircraft, towers, and in shallow water areas
are being developed for use in verifying these models. The sensors
and techniques would also be used operationally to input wave
data into forecasting models.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0105, OCEAN WIND WAVE GENERATION AND DIS-
SIPATION

T.P. BARNETT, Westinghouse Electric Corp. , Washington, Dis-
trict of Columbia (N00014-67-C-0288)

2. WATER MOTION

This study is part of a cooperative field experiment to be car-
ried out in the North Sea during August and September of 1968.
The groups involved in the experiment include National Institute
of Oceanography in England and the Univ. of Kiel, German Sea-
Weather Service and German Hydrographic Office in Germany.
The experimental goals are to investigate: {1) the growth of wind
waves; (2) interaction between wave-atmospheric ficlds; (3)
processes involved in establishing a fully-developed wave spec-
trum; and (4) the loss of wave energy due to bot*om friction.
Measurements of atmospheric parameters and twe dimensional
wave spectra will be made with aid of buoys, ships and bottom-
mounted sensors. Specific objectives of this work unit include ob-
taining measurements of wave spectra for different wind speeds,
participation in overall analysis and interpretation, and documen-
tation of the experiment and results.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0106, OCEAN WAVES AND STRUCTURE
R.D. GAUL, Westinghouse Electric Corp. , Washington, District
of Columbia (NG0014-67-C-0288)

This task involves the following investigations: (1) a small
field program designed to intercompare ocean wave spectra mea-
sured by the ONR telemetering oceanographic buoy and proto-
type free floating wave meter; (2) analysis of da collected by the
principal investigator during the past five years at Texas A&M
under ONR contract. Specifically, the data will be analyzed for
tidal motions over the continental margin of the Northeast Gulf of
Mexico and to determine the characteristics of oceanic stratifica-
tion from continuous temperature and salinity profiles.

A thorough knowledge of surface waves on the ocean is im-
portant to Naval operations. The internal structure of the ocean
volume has important implications to the propagation of un-
derwater sound.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0107, WAVE, CURRENT AND STORM SURGE
RESPONSE TO EXTREME WIND CONDITIONS

R.G. DEAN, Univ. of Florida, School of Engincering, Gainesville,
Florida 32601

This research will involve analytical investigations and field
measurements to improve the general understanding of effects of
extreme wind systems in causing waves, currents and storm surges
in the near coastal waters.

The program will include a comparison of measured field
quantities with predictions based on realistic numerical modele
On the basis of differences between measured and predicted
quantities, the relationships governing the generation of waves,
currents and storm surges will be refined and re-evaluated by sub-
sequent sets of measurement-prediction tests. Special purpose
laboratory investigations may be conducted in an existing wind-
wave tank if deemed advisable.

SUPPORTED BY U.S. National Science Foundation

2.0108, LONG PERIOD WAVES
J.A. PURPURA, Univ. of Florida, School of Engineering,
Gainesville, Florida 32601 (NONR)

The purpose of this study is to investigate the penetration
into narrow fjords of long period waves, having periods ranging
frcm minutes to hours. It is a cooperative program with the Ice-
landic Government, which has installed and maintains sea level
recorders in Eyafjordur. A selected set of recorded data is to be
examined to determine auto- spectra and cross-spectra and the
results interpreted hydrodynamically in terms of reflection, trans-
mission, amplification, etc.

These studies are important to shore installations which are
subject to storm tides and waves and to damage from tsunamis.
An understanding of the effect of harbor shapes and sizes on al-
tering wave shapes and sizes will help in selecting building sites
and in predicting storm damage.

SUPPORTED BY U.S. Dept. of Defense - Navy
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20109, WAVE MEASUREMENT IN THE O?EN OCEAN
K. WARSH, Florida State University, Graduate School, Tallahas-
see, Florida 32306

Measurement, digitization and magnetic recording of a
directional wave spectra in the open ocean from a spar buoy by
means of resistance wave wires and accelerometers. The same
buoy is also used to measure, digitize and record wind profiles,

SUPPORTED BY Florida State University
U.S. Dept. of Commerce - E.S.S.A,

2.0110, AN ANALYTICAL AND EXPERIMENTAL STUDY
OF B FORMS UNDER WATER WAVES
M.R. C..RSTENS, Georgia Inst. of Technology, School of En-
gineering, Atlanta, Georgia 30332

The development of, the geometry of, and the drag exerted
by bed forms (dunes) which occur on the sea bed under first-
order Stokian waves has been studied experimentally in an oscil-
latory-flow water tennel. Three series of runs were performed
with a different bed material in each series--0.297 mm glass
beads, 0.585 mm Ottawa sand, and 0.185 mm Ottawa sand. Total
amplitude of the oscillating water was constant during each run
and was varied throughout the range from 0.25 ft. to 3.0 ft. for
each series of runs. A final report for Contract DA-49-055-
CIVENG-65-1 (Georgia Institute of Technology) was issued in
September 1967. Publication as a Technical Memorandum of the
Coastal Engineering Research Center, U. S. Army Corps of En-
gineers is pending.

SUPPORTED BY U.S. Dept. of Defense - Army

20111, TSUNAMI RUNUP EXPERIMENTS ON A SCALE
MODEL OF OAKU
W.M. ADAMS, Univ. of Hawaii, Hawaii Inst. of Geophysics,
Honolulu, Hawaii 96822

This research will experimentally determine the relationship
between wave height and ramp at the shore to save heights at
distances offshore for the entire island periphery under different
tsunami approach directions. This data will be compared to
theoretical predictions and past records to develop a more accu-
rate forecast system thus ensuring more positive cooperation of
the public with authorities in the event of major tsunamis.

SUPPORTED BY U.S. National Science Foundation

2.0112, MEASUREMENT' OF SURGING IN KUHIO BAY,
HILO HAWAII
W.M. ADAMS, Univ. of Hawaii, Hawaii Inst. of Geophysics,
Honolulu, Hawaii 96822

Pressure gages have been installed at a depth of about 20 feet
on pilings of the piers 1 and 2 adjacent to the turning basin in
Kuhio Bay. The purpose of this field instrumentation is to permit
measurement of the pressure waves for estimating the water mo-
tion in the period ranges 8 to 30 second for one gage on pier 2 and
period range 3 seconds to 2 minutes at 2 gages under pier 1.
These pressure recordings are only made during periods of surg-
ing and occasional background control time intervals. Recording
is for 12 hour duration on a digital tape transport and, for the high
frequency trace, reel time analog chart. The digital records are fil-
tered and played back on a computer facility using IBM 7040,
IBM 360 model 50, and IBM 1401. The results of the filtered
digital materiai and analog presentation on a calcomp plotter.

These data are supplied to the Army Corps of Engineers.

Conjunctive study has developed the procedure which pre-
dicts the occurance of surge, as defined by historical notes of the
harbor master, and is based on correlation of the harbor master
records with meteorological weather maps.

SUPPORTED BY U.S. Dept. of Defense - Army

20113, HIGH FREQUENCY WAVES
L.F. MCGOLDRICK, Univ. of Chicago, Graduate School,
Chicago, lllinois 60637 (N00014-67-A-0285-0002)

This project is concerned with theoretical and experimental
investigations of phenomena associated with high frequency

(large wave number) random wave spectra. The work is concen-
trated on (a) wave spectra at high frequencies; (b) interaction
between surface waves and turbulence in the water itself; (c)
resonant surface wave interactions resulting in energy transfer;
and (d) development and refinement of wave measuring ap-
paratus. During the coming year, experimental measurements of
resonant interactions are expected to be completed and spectral
megsurements of a random high frequency wave syste:n are to be
made.

This project is part fo the Navy’s broad program in oceanog-
raphy being supported to better understand its operating environ-
ment. Knowledge from this project should aid the development of
better wave forecasting methods required to support a variety of
fleet operations.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0114, AIR/SEA INTERACTION STUDY
B. KINSMAN, Johns Hopkins University, Graduate School, Bal-
timore, Maryland 21218 (NONR)

Research under this task concerns: (1) the generation and
growth of wind waves; (b) the interaction of opposing wind waves
and swell; (c) convective effects of wave spectrum transforma-
tion; (d) the effect of waves on the near surface, vertical wind
profile, and (e) the erosion of the thermocline by motion as
sociated with wind waves. The program during the coming year
includes laboratory studies of the processes involved in encrgy
and momentum transfer to short surface waves and the detailed
nature of entrainment processes in the turbulent mix layer of the
oceans; it also includes the develcpment of instrumentation and
data analyses techniques for use in field programs on the study of
wind wave generation.

Knowledge of the mechanism of wave generation would per-
mit computation of two dimensional spectra of short crested seas.
Forecasting of mixed laKer depth would be helped by understand-
ing the mechanisms of thermocline formation.

SUPPORTED BY U.S. Dept. of Defense - Navy

20115, OCEANIC INTERNAL MOTIONS AFFECTING
OPERATIONS

C.I. WUNSCH, Mass. Inst. of Technology, Graduate School,
Cambridge, Massachusetts 02139 (NONR)

This task is directed toward understanding density variations
in the oceans and the subsequent effect of those variations on
operations. In addition to the benefits derived from a better un-
derstanding of effects of internal waves, this work should provide
engineering knowledge of motions of deep-sea cable arrays. Such
information has direct applicability to many naval missions in-
volving long-term deployment of buoyed cables.

This is principally a ficld experiment designed to sense and
record internal waves in order to obtain a better understanding of
the role played by these waves in ocean variability. A fixed
horizontal cable array will be deployed at mid-depth near Bermu-
da, Cable motions will be measured, analyzed, and compared with
simulated cable motions obtained by numerical modeling. From
this cable, time series measurements of temperature will be made
using thermistors; supplementary velocity measurements wiil be
made with internally recording current meters suspended from
taut-wire buoy systems. The data will provide a first step in mea-
suring directly the horizontal coherence, directionality and spec-
tral distribution of internal waves. Supporting engineering studies
and modeling of internal waves will be carried out.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0116, ISLAND-CURRENT INTERACTIONS
C.I. WUNSCH, Mass. Inst. of Technology, Graduate School,
Cambridge, Massachusetts 02139 (NONR)

This is a study of large-scale steady or periodic motions of the
ocean. It will involve use of the large rotating tank at WHOI for
experimental work and the analysis of existing observational field
data. Specifically, this study is intended to try to understand the
interaction of an island with its environment. The field of motion
around an isolated oceanic island is an extremely complicated
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function of time undergoing large-amplitude time variations on
many scales, The first effort will be to understand how typical of
mid-oceanic conditions are those in the vicinity of an island.

This study is intended to gain an understanding of the
changes of oceanic structure due to islands, which are, of course,
prime operational sites. Such understanding might aid in predic-
tion of the sound propagation field as well as the time changes of
major currents in the vicinity of islands.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0117, PROPAGATION AND REFRACTION OF OCEAN
WAVES IN NEAR SHORE REGIONS

S.J. JACOBS, Univ. of Michigan, School of Engineering, s.in Ar-
bor, Michigan (NONR)

Objective: Predictions of ocean wave conditions are needed
by naval forces in the conduct of logistics and salvage and rescue
operations in rearshore regions. This theoretical investigation of
the study of ocean wave propagation in water of variable depth
should further the present knowledge of the modification of
ocean waves as they progress from deep water to the shore. Such
knowlecge should contribute particularly to the improvement of
methods for predicting wave conditions in the nearshore regions.

Approach: Mathematical methods will be employed to
develop theories to explain the propagation of finite amplitude
waves in water of variable depth and also provide a means for cal-
culating the height of waves at any given location and time. A
non-linear ray theory is to be synyhesized from an improved ver-
sion of ray theory for variable depth effects and from non-linear
mechanics methous used for determining finite amplitude effects.
The analytica! work is to be supplemented by numerical calcula-
tions.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0118, GREAT LAXES RESEARCH - LAKE WAVES
{4'0' HOUSLEY, U.S. Army, Lake Survey, Detroit, Michigan
8226

The generation, propagation, and decay of waves in the
Great Lakes are being investigated and correlated with wind
speed and resulting wind stress, wind direction, and lake
geometry. The characteristics of waves, including the expected
maximum height giver locations, will be established; wave cli-
mate charts will be prepared; and wave hindcasting methods
developed.

Decp-water wave characteristics are being measured at five
locations: Eagle Harbor and Whitefish Point on Lake Superior,
Point Betsic and Muskegon on Lake Michigan, and Dunkirk on
Lake Erie. This program was started in 1964 and will continue
through 1971, with subsequent analysis of data.

In FY 69, shallow-water wave characteristics will also be
measured at Knife River Harbor, Lake Superior, and Lorain,
Luke Erie.

Techniques for wave hindcasting are being developed under
contract with the University of Michigan. A report ‘Wave Hind-
casts vs Recorded Waves® by S. J. Jacobs was published in June
1965; ‘Wave Hindcasts vs Recorded Waves Supplement No. 1* by
A. L. Cole was published in May 1967. A second contract to
ap?(ly the developed techniques to the hindcast of waves for
Lakes Superior and Huron is in progress.

A contract to develop a sonic wave sensor will be un-
dertaken.

SUPPORTED BY U.S. Dept. of Defense - Army

2.0119, NEARSHORE WAVE THEORY
w.J. HINSE, Michigan State University, Graduate School, East
Lansing, Michigan 48824

Nearshore wave and current energy budgets will be studied
through analysis of ficld measurements and wave tank observa-
tions, and construction of theoretical models to express cnergy
transport, flux and dissipation. Field measurements include wave
phase velocity, wave angle, longshore energy and mass transport,
current profile and secdiment movement. T%lcse data will be used
to test and improve formulas cxpressing energy conditions and
resultant coastal morphology and dynamics.

e
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A better understanding of energy regimes and correlated
changes in shore conditions will improve the reliability of predic-
tions of coastal environmental properties.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0120, WHITECAPPING
E.C. MONAHAN, Hobart & William Smith College, Graduate
School, Geneva, New York 14456

.

The purpose of this study is to investigate the onset of
whitecapping as a function of wind speed, atmospheric stability,
and water temperature and determine the growth rate of whitecap
concentratic.n as a ¢ ‘action of these parameters. During the com-
ing year, an observational program of whitecaps will be con-
ducted in the North Atlantic from research vessels and fixed plat-
forms. The reduction of whitecap photographs and their analysis
with respect to observed meteorological conditiors is to be un-
dertaken. A laboratory tank experiment simulating salt water
whitecaps is to be undertaken to compare salt water and fresh
water characteristics.

Knowledge from this basic study of the air-sea interface is ex-
pected to further the understanding of the transfer of energy and
matter across the interface and also further the development of
wave forecasting for a variety of operational needs.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0121, HIGH FREQUENCY OCEAN WAVES
W. MARKS, Oceanics Incorporated, Hicksville - Plainview, New
York 11803 (NONR)

High frequency wind generated ocean waves are being stu-
died with respect to their role in the generation of wind waves and
also radar backscatter characteristics of the sea surface. Their
directional spectra are being derived from stereophotographs and
correlations are being established between statistics of these
waves and of the radar sea return recorded simultaneously by air-
craft,

The results from this task should contribute to the improve-
ment of operational wave forecasts.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0122, THEORETICAL
PROPAGATION
A. CLARK, Univ. of Rochester, School of Engineering, Rochester,
New York 14627

The object of the work is to learn more about the effects of
variable ocean depth on the propagation of tsunarais. The plan of
procedure includes a two-fold theoretical attack on the problem:
(i) the development and application of a valid statistical theory,
and (ii) the detailed calculation of individual scattering events for
certain simple bottom topographies. The ultimate aim of much
tsunami work is to increasc predictive capabilitics, especially with
regard to wave amplitudes. From this point of view, the sig-
nificance of the present work would lie in its contribution to an
understanding of diffraction of wave energy due to variable
depth. The work may also have significance from the point of
view of random wave theory, since it appears that present statisti-
cal theories will have to be improved if they are to cover the range
of parameters of interest in the tsunami problem.

SUPPORTED BY U.S. National Science Foundation

STUDIES OF  TSUNAMI

2.0123, EXPERIMENTAL STUDY OF THE INTERRELA-
TIONS BETWEEN WIND-WAVE PROPERTIES
G.F. BEARDSLEY, Oregon State University, Graduate School,
Corvallis, Oregon 97331

A preliminary investigation of the relative importance of tur-
bulence and wave motion as mixing agents will be made in the
upper ocean. A secondary outcome of this program will result
from the simultancous measurement of the pressure and velocity
fields under a random sea. From these data it is hoped to deter-
mine the degree to which these fields and their statistics can be
calculated using a knowledge of the surface wave height and
linear and second order wave theory.

SUPPORTED BY U.S. National Science Foundation

o S R
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20124, AN OPTICAL METHOD OF MEASURING THE
FORM OF THE FREE SURFACE OF A FLUID
H. SCHENCK, Univ. of Rhode Island, School of Engineering,
Kingston, Rhode Island 02881

This research will deal with the development of a method of
studying the speed, form, and character of waves and other
disturbances on the surface of a fluid by detecting the angle of
refraction of a collimated beam of light at the surface using one or
more submerged photocells. It is anitcipated that the developed
method will have applications in many areas of fluid science in-
cluding; physical oceanography, theoretical hydrodynamics, ship
model testing, stream and river morphology, and other related
fields. The theoretical basis for the method is discussed in a July
1957 Optical Society of America Journal, ‘On the Focusing of
Sunlight by Ocean Waves.

SUPPORTED BY U.S. National Science Foundation

20125, FIELD DETECTION AND MEASUREMENT OF
INTERNAL WAVES

M. RATTRAY, Univ. of Washington, Graduate School, Seattle,
Washington 98122 (NONR)

Obijective: In order to predict the propagation of sound in the
ocean, the operational Navy has need of quantitative descriptions
of physical processes which affect the density distribution and
thereby the sound speed distribution. In support of that need, this
research has as its scientific goal the fuller understanding of waves
(called internal waves) propagating within the ocean which
disturb the density distribution. For internal waves generated by
tidal forces near the continental shelf edge and propagating out to
sea: (1) the distribution of motions (and thus energy) with depth
will be measured, and (2) the adequacy of present theorics to pre-
dict the propagation of internal waves will be tested.

Approach: Using digital computers to simulate the expected
behavior of waves within the ocean the site for a field experiment
will be selected. At the locations chosen observations of tempera-
ture versus depth will be repeated at closely spaced intervals
(order of one minute) for a period of about 15 days duration.
These data will be stored and analyzed with the aid of electronic
computers. Available analyses techniques should enable the in-
vestigators to extract from the temperature variations the as-
sociated velocity and energy variations.

SUPPORTED BY U.S. Dept. of Defense - Navy

2.0126, THEORETICAL ACOUSTIC-GRAVITY WAVE
PROPAGATION
D.G. HARKRIDER, Brown University, Graduate School,
Providence, Rhode Island 02912

Objective: Four research projects will be investigated to un-
derstand the propagation of acoustic-gravity waves in the at-
mosphere. The first project will determine the quantitative rela-
tions between over-pressure and yield at various source and de-
tector altitudes. Theoretical barograms in the frequency and time
domain for a wide range of source yields for various sources and
detector altitudes will be calculated. The second project will eval-
uate the necessity for a more complicated source by comparing
the simple-point source to the observed direct wave at close-in
distances to a nuclear explosions. The closed form of the green
function will enables one to calculate by fourier synthesis the far
field pressure pulse generated by nuclear explosions and the
direct wave in the region surrounding the source. The third pro-
ject will investigate the epicenter displacement hypothesis as a
source mechanism for some of the detectable air waves associated
with seismic events. Surface sources of this type can be used to
model volcanic eruptions and sudden vertical surface motion as-
sociated with earthquakes and underground nuclear explosions.
The fourth project will make use of the previously developed
source excitation theory of acoustic-gravity waves to investigate
the generation of sea-waves by atmosEheric disturbances and the
formation of tsunamis by oceanic earthquakes.

SUPPORTED BY U.S. Dept. of Defense - Air Force
3. METEOROLOGY

(see Also Environmenial Prediction, Chapter 4¢)
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3A. AIR-SEA INTERACTION
(see Also Chapter 2, Water Motion)

3.0001, ANALYSIS OF THE MARINE LAYER - A MESO
METEOROLOGICAL STUDY
S.R. FRANK, Aerometric Research Foundation, Goleta, Califor-
nia

The project’s specific aim is to define and model the Marine
Layer of the atmaosphere in terms of its diffusion and transport
characteristics. In order to do this a systematic network of
weather observers has been established in the Santa Barbara
Channel Area through the cooperation of Federal, State, and
private organizations. Using these observations for basic flow
analysis of the area, a program has been established for the deter-
mination of heat sources and sinks of the ocean surface. The con-
sideration of surface thermal modification of the overlying
Marine Layer plus the distortion of flow due to orographic in-
fluences, has resulted in an integrated attack on the problem of
potential dispersivity of the atmosphere. The program will involve
utilizing a mobile ‘turbulence sensor' (a portable tower) with
wind and temperature stations, for fine scale determination of tur-
bulence at specific locations during critical meteorological condi-
tions. It is anticipated that use of this ‘sensor* will result in quan-
titative definitions of orographic contributions to turbulence in
the Marine Layer.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.H.S.

3.0002, OCEAN DYNAMICS SEA AIR INTERACTION
MODELS-MEDITERRANEAN
T. LAEVASTU, U.S. Navy, Postgraduate School, Monterey,
California 93941

To determine those environimental factors affecting acousti-
cal uses of the ocean; to categorize strategic areas into similar
acoustical provinces; provide a foundation for medium and long
range forecasting, incorporating correct sea-air interaction
models which emphasize the dynamics of the surface layers.

Study the sea-air eachange in the Mediterranean in relation
to changes in the overlying air masses; to improve computation of
exchange and establish physically correct numerical feedback
models; investigate synoptic and seasonal behavior of oceanic
fronts and their temperature and salinity structure; study the
possible similarity of Moroccan and California regions, especially
with respect to their response to driving forces (surface wind).

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0003, TRANSPORT PROCESSES ACROSS AN AIR-
WATER INTERFACE

R.L. STREET, Stanford University, School of Engincering, Palo
Alto - Stanford, California 94305

The objective of this study is to verify or refute present inter-
face process hypothesis and to discover additional facts about the
air-water interface phenomena,

It is proposed to make the following studies: (1) direct mea-
surements of the mass, momentum and energy transfers across an
air- water interface; (2) a comparison of measured results with
estimates from theoretical and empirical formulae; (3) measure-
ments and analyses of the statistical properties of the fluctuating
flow properties in the surface boundary layer; and (4) an attempt
to provide new descriptive concepts for the interface transfers as
suggested by the above measurements and analyses.

The experimental measurements will be made in the wind,
water wave research facility located at Stanford University. The
facility is equipped with a centrifugal fan that causes a flow of air
over a body of water and a mechanical wave generator.

SUPPORTED BY U.S. National Science Foundation

3.0004, OCEAN WAVES
C.S. COX, Univ. of Califernia, Scripps Inst. of Oceanography, San
Diego - La Jolla, Californic 92038 (NONR)

This task is concerned both with surface wind waves and with
internal waves and associated causes of temperature variations in
the ocean. The relationship between eddy stresses in an overlying
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wind field, the average wind profile, the growth of wind waves and
the partition of momentum between waves and currents is being
studied in a laboratory wind-wave channel. The study of internal
waves concerns the energy distribution according to frequency
and also the vertical distribution of this energy. The layered fine
scale of temperature structure in the oceans is being examined in
order to interpret measurements of temperature fluctuations
resulting from internal waves.

Improvements in the theory of wind-wave interaction are ex-
pected to contribute to improvements in the prediction of wave
conditions. Studies of turbulence (including internal waves) in
the ocean contribute directly to understanding time and space
variations in sound propagation,

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0005, OCEAN-ATMOSPHERE STUDIES WITH STABLE
ISOTOPES AND DISSOLVED GASES
H. CRAIG, Univ. of California, Graduate School, San Diego - La
Jolla, California 92038

This research will cover the following areas of investigation:
(1) The formation and mixing of deep and intermediate water
masses, using deuterium, oxygen 18, and dissoived gases as addi-
tional oceanographic parameters together with salinity and tem-
perature to characterize water masses and mixing process; (2)
The exchange of water between the atmosphere and sea, using the
variations in deuterium and oxygen 18 content of atmospheric
water vapor and surface seawater over the oceans; (3) Experi-
mental studies of the nature of the air-sea interface, based on
equilibrium and kinetic isotopic fractionation effects in the trans-
port and exchange of water across the interface; and (4) The car-
bon dioxide-dissolved oxygen system in the ocean, using gas chro-
matography at sea to measure concentrations and asing the car-
bon and oxygen isotope ratios of these components as additional
parameters.

SUPPORTED BY U.S. National Science Foundation

3.0006, LARGE-SCALE INTERACTIONS
J. ISAACS, Univ. of California, Graduate Schoocl, San Diego - La
Jolla, California 92038 (NONR)

The purpose of this task is to investigate the nature of large-
scale variations in oceanographic and meteorological conditions
in the North Pacific and the interrelationships of the variations.
Deep moored, unmanned instrumented oceanographic and
meteorological stations will be used in arrays as the principal
means of obtaining the necessary environmental data. During the
coming year, two buoy clusters will be deployed north of Hawaii
as a pilot study for the larger experiment. The collection and anal-
ysis of existing data for the North Pacific will continue and will be
used both in the design of the overall experiment and in the in-
terpretation of the resulting data.

Reliable prediction of environmental conditions at sea have
long been a necessity for naval operations. The results of this task
hold great promise for providing the information and understand-
ing of the environmental processes which control the changes in
the oceans. This knowledge is necessary to the reliable prediction
systems required.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0007, TOTAL HEAT FLUX MEASUREMENT WITH A
TWO-WAVELENGTH RADIOMETER

E.D. MCALISTER, Univ. of California, Graduate School, San
Diego - La Jolia, California 92038

The objective of this work is to continue an investigation of
the total heat flux measurement in the air overlying the ocean sur-
face using a two-wavelength radiometer. It is anticipated that
measurements accurate to within 5% of a known heat loss can be
accomplished on the open sea.

The study will be divided into three major parts: (1) a labora-
tory study of factors determining heat flow; (2) a study of the
reﬂationshgp between tiie heat flow at sea and meteorological ele-
ments; and (3) a study of the variations of heat flow.
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The laboratory study will establish the accuracy of the two
wavelength radiometer (4.45 to 5.1 microns). It will offer a
wealth of information upon which can be built an understanding
of the mechanisms involved in heat transfer. It is recognized that
it will be difficult to correlate the heat flow measurements with
meteorological measurements due to the inability to measure
meteorological variables accurately over the open sea. The varia-
tional studies are aimed at determining differences in surface tem-

perature due to distance from the shoreline and due to the diurnal
cycle.

SUPPORTED BY U.S. Nationa! Science Foundation

3.0008, WAVE GENERATION BY THE TURBULENT
WIND FIELD OVER THE SEA

R.W. BURLING, Univ. of British Columbia, Gradvate School,
Vancouver - British Columbia, Canada {(N00014-66-C-0047)

Sea surface conditions induced by local winds affect a variety
of naval operations such as replenishment at sea and other opera-
tions. The impact of adverse sea conditions upon such operations
may be reduced as a result of accurate prior forecasts. The
development of a capability to produce accurate predictions
requires an understanding of the physical processes involved in

the generation of waves by the wind and is being developed under
this task.

Approach: A series of field experiments will be conducted
from a research platform located in shallow water off Vancouver,
British Columbia. These experiments will attempt to determine
the characteristics of the turbulent wind field over the sea. The
detailed nature of the turbulent field will be examined close te the
sea surface using hot wire anemometers and acoustic anemome-
ters. A system for use from open ocean sites also will be con-
structed for installation on Cobb Seamount and used during the
Barbados Oceanographic and Meteorological Experiment. Pres-
sure fluctuations within the atmospheric boundary layer and on
the surface of waves also will be measured in relation to wave

generation processes and supplement the wind velocity measure-
ments,

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0009, ATMOSPHERIC-OCEANIC-GLACIOLOGIC IN-
TERACTIONS IN THE ANTARCTIC
W.S. WEYANT, U.S. Dept. of Commerce, Research Lab. ,
Boulder, Colorado 80302

The Polar Meteorology Group of the Air Resources Labora-
tory at ESSA will perform researches which are directed at
providing a further description and explanation of the physical
processes which occur in the Antarctic atmosphere. This will be
accomplished through studies of 1) the nature and magnitude of
energy and water exchange between the atmosphere and the un-
derlying snow, ice or water surface; 2) the heat and mass budgets
of the atmosphere -snow-ocean system which controls the An-
tarctic heat budget; 3) how the Antarctic heat budget is related to
the overall terrestrial heat budget; and 4) the relationship of the
general high latitude atmospheric circulation to the total planeta-
ry circulation. The data used in these studies will be recovered
from the International Antarctic Meteorological Research Center
at Melbourne, Victoria, Australia, the Nationa! Weather Kecerds
Center in Asheville, North Carolina, or direct from the records of
any station, ship, or satellite cngaged in high southern latitude
meteorology.

As time permits special attention may be given to studies of
1) radiation balance and the net vertical and horizontal transport
of sensible and latent heat, 2) ozone concentrations and the at-
mospheric circulation model, 3) circulation at all levels up
through the stratosp-here, and 4) temperature, humidity and wind
profiles in the regions of the Antarctic convergence to learn about

the effects of the convergence on the boundary layer of air
masses.

SUPPORTED BY U.S. National Science Foundation
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3.0010, DEVELOPMFNT OF PHYSICAL-NUMERICAL
MODELS FOR STUDIES OF THE ATMOSPHERE-OCEAN
PLANETARY BOUNDARY LAYER

J.P. PANDOLFO, Travelers Research Center Inc. , Hartford,
Connecticut

The present model represents a complex local theory for the
study of the vertical structure, and temporal changes, charac-
teristics of the atmosphere-ocean planetary boundary layer. The
combined effects of boundary layer turbulence in stratified (hu-
midity and salinity dependent) flow, advection by the mean
velocity, mixing due to wind generated waves on the interface,
and cloud-dependent radiative heating, are calculated iteratively
in the mixed initial-boundary value problem represented by the
model equations.

Experimental objectives during the past year included model
evaiuation and climatological supplement calculations for a re-
gion of the tropical oceans to be intensively observed next year.
The model behavior successfully simulates some already mea-
sured characteristics of this region. The model also successfully
i;imulates some recently observed general characteristics of this
ayer.

The models are now being generalized to include investiga-
tion of the horizontal structure of the boundary layer on several
scales. Future work will make use of the intensive observational
data to be obtained next year in these analyses. The series of pro-
jects beganin FY ’66, and is expected to end in FY 71,

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

3.0011, MISCELLANEOUS SERVICES FOR FEDERAL
AVIATION AGENCY (VISUAL RANGE)

C.A. DOUGLAS, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Washington, District of Columbia

To furnish measurement of the characteristics of fogs during
the testing of visibility meters. To obtain data on fog variability,
air- sea interface, for example. To furnish technical advice and
assistance on problems related to the determination of visibility
conditions at airports, This is assistance to other agencies utilizing
facilities and knowledge not available elsewhere, NBS Mission
Component 1.6.

Measurements of fog density and its variation with time and
place will be made as required at the NBS Field Laboratory, Ar-
cata, California. Technical advice and assistance will be supplied
asrequested.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

3.0012, EVAPORATION OF WATER
A. WEXLER, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Washington, District of Columbia

The principal objective of this project is to make a study of
the feasibility and probable value of performing laboratory or
other types of research for investigating the physical processes of
evaporation. This project falls within the mission of NBS to con-
duct research on basic measurement techniques and instrumenta-
tion. It should lead to improved methods of measuring water
vapor flux and evaporation, which in turr should assist
meteorologists and hydrologists in measuring and predicting
water losses due to evaporation over land and water.

The study will include : survey of technical literature, visits
to laboratory and field facilities where evaporation research is
being pursued, development of recemmendations for suitable
research programs and proposals for equipment and instrumenta-
tion,

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

3.00i3, EXCHANGE METEOROLOGIST WITH
JAPANESE ANTARCTIC RESEARCH EXPEDITION
W.S. WEYANT, U.S. Dept. of Commerce, Environ. Sci. Serv. Ad-
min. , Washington, District of Columbia 20235

A study of the atmospheric boundary layer over the Antarc-
tic Ocean will be conducted aboard the Japanes icebreaker, Fuji,
by Mr. Martin Sponholz, the U.S. Exchange Scientist with the
Japanese. The investigations will include (1) an examination of
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the effect of the Antarctic Convergence and the ocean-sea ice
boundary on the overlying atmosphere, and (2) a comparison of
the data for the lower 1000 feet of the atmosphere over the
ocean, over the sea-ice and along the coast, with similar informz-
tion obtained inland at Plateau Station (elevation 11,690’), The
data will be obtained frorm ser . 'rs suspended from four kytoons
towed from the stern of tthe ship. A modified radiosonde will
transmit pressure, humidity, wind speed and temperature obser-
vle]n'tions obtained to a height of 1000 feet from the sensors to the
ship.

SUPPORTED BY U.S. National Science Foundation

3.0014, RESEARCH AND COMPUTATIONS ON THE
Eﬁg}l}éﬂODYNAMIC PROPERTIES OF AIR AND RELATED
H.W. WOOLLEY, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Washington, District of Coluumbia

XXA computer program for the NBS UNIVAC for the calcu-
lation of thermodynamic properties for a gas mixture such as air
or hydrogen wiui other gases of up to triatomic molecules has
been prepared (except for general de-bugging) by modification
and merging of two previous 7094 programs. A capability of free
energy minimization as composition is changed by chemical reac-
tion is provided. Transport property estimates with Enskog type
density corrections can also be made. For polar gas pairs, a colli-
sion-integral increment between Lennard-Jones and Stockmayer
values is used. Non-polar values are based on the exp- 6 potential
with alpha read in or based on the close approach behavior from
theory, with the 1, exp-6 potential. The program has provision for
up to six terms in a polynomial in the density representing
In(PV/RT) for each of the constituents. The temperature depen-
dence is by series compatible with the Stockmayer potential. The
constants required may be obtained via another program under
development for fitting isotherm data. It fits second virials with a
1, 12-6 potential and extrapolates to high temperatures with rigid
sphere relations for higher virials. Accepted critical constants can
be fitted; provision is also made for later use of a singularity func-
tion in the critical region to fit liquid-vapor equilibrium data in
using the main thermodynamic property program. In the absence
of newly fitted PVT constants, it is possible to use old constants
such as were used for B and C for some gases in NBS Circular 564
if their densities or mule fractions are low. Inter-ionic effects have
been coded for another program and can be added here also. New
theoretical estimates for negative ion effects have been derived.
Spectroscopic constants for diatomic constituents have been stu-
died with the view of improvement for high temperature calcula-
tions. New procedures for theoretical analysis of spectroscopic
constants for diatomic molecules have been devised.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

3.0015, BARBADOS .. OCEANOGRAPHIC
METEOROLOGICAL EXPERIMENT

R. MORSE, U.S. Dept. of Transportation, Oceanographic Unit,
Washingten, District of Columbia

The Barbados Oceanographic Meteorological Experiment
(BOMEX) is a comprehensive synoptic metcorological and air-
sea interaction study to be conducted in tk.e vicinity of Barbados
Island during the summer of 1969.

Evaluation of momentus iransfer, sinks and sources of vapor
in the atmospheric system, wind system at sea and measurements
of standard oceanographic variables, salinity and temperatures, as
a function of depth will be made. The U. 8. Coast Guard Cutter
ROCKAWAY (WAGO 377) will participate in the program.

Other agencies participating are the Environmental Science
Services Administration, Atomic Energy Commission, Bureau of
Commercial Fisheries, National Aeronautics and Space Adminis-
tration, National Center for Atmospheric Research, National
Oceanographic Data Center and the National Science Founds-
tion,

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

AND



3.0016, AIR-SEA INTERACTION (WAVES)
R.L. SNYDER, Nova University, Graduate School, Fort Lau-
derdale, Florida (N00014-67-A-0386-0001)

This is research into processes of energy exchange between
wind and ocean waves. It involves field measurement program at
an experimental site in the Bight of Abaco. Three interrelated ac-
tivities are involved: (1) studies of white caps as a possible
mechanism for dissipation of energy put into the sea by wind; (2)
measurement of wave induced pressure fluctuations in an effort
to explain growth rates of wind waves; and (3) instrumentation of
Abaco site for measurements of turbulent fluctuations in the
water and interpretation of such measurements.

An improved understanding of wind generation and decay of
ocean waves will assist in the development of improved wave
forecasting conditions. Improved knowledge of sea state condi-
tions assists many naval operations.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0017, EXPERIMENTS IN AIR-SEA INTERACTION IN-
VOLVING SURFACE PRESSURE MEASUREMENTS

E.B. KRAUS, Univ, of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

The objective of this work is to carry out two separate but re-
lated experiments using the same location and instrumentation of
internal waves in the lower atmosphere and the second deals with
the measurement of the geostrophic and actual surface winds as a
method of computing the stress at the air-sea interface.

The first experiment is designed to test Bretherton’s theroeti-
cal concept that wave groups and their propagation can be used
to describe gravity waves that travel in the lower atmosphere as-
sociated with low level inversions. It is hoped that measurements
of travelling perturbations of the surface pressure and the surface
wind can be used to express the group velocity and the wave ener-
gy of the group. These quantities can be expressed as a function of
the absolute frequency, the horizontal wave number cotnponents,
the wind velocity and the local Brunt-Vaisala frequency. From
the mean distributions of wind and temperature from nearby
radiosonde stations as well as the records from the array of sur-
face pressure transducers, information about the energy, frequen-
cy, and propatation of the wave groups in the atmosphere will be
obtained.

The second experiment is designed to clarify the observation
that there is a wide divergence between the actual wind and the
geostrophic wind near the sea surface. It is hoped that systematic,
simultaneous recording of actual and geostrophic surface winds
over the water will permit a derivation of a frequency-dependent
empirical transfer function between the two vectors.

SUPPORTED BY U.S. National Science Foundation

3.0018, TRITIUM IN HURRICANES
G. OSTLUND, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

The objective of this research is to study the air/sea exchange
of water in hurricanes and in the region of the trade winds by
measuring the tritium content of the water and water vapor in the
oceans, rain, clouds and air. Hurricanes and tropical storms in
various stages of development have been studied in an effort to
establish a connection between the intensity of air/sea exchange
and the development of the tropical disturbance.

It is planned to achieve the above objective by sampling the
rain, clouds and air in and around hurricanes. Aircraft from ES-
SA’s Aircraft Flight Facility will be the sensor platforms. Sea
water will be sampled by ships and small boats from the Institute
of Marine Science. In addition samples of water vapor will be ob-
tained during the non hurricane season in the trade wind flow that
moves off the African continent and travels across the Atlantic to
the Lesser Antilles. It is hoped that such information might be in-
structive in studying the modification of the air by the sea. The
collection phase will be supported by ESSA.

An emphasis will be made to bring more interested at-
mospheric scientists into this work to interpret the chemical data
collected and analyzed by Dr. Ostlund. This aspect will become a
major effort under NSF support. An effort will be made to me:-
sure other tracers such as the tritium component in the normally
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occurring hydrogen gas in the air and develop techniques for in-
stantaneous analysis of the tritium.

SUPPORTED BY U.S. National Science Foundation

3.0019, STUDY ASSOCIATION BETWEEN TRADE WIND
R}(AS'I'I“SIM AND NORTH PACIFIC CCENAOGRAPHIC CLI-
G.R, SECKEL, U.S. Dept. of Interior, Bureau of Comm. Fishe-
ries, Honolulu, Hawaii 96812

The objective of the investigation is to develop a model for
air- sea interactions. The most important of these concerns the
linkage between the trade wind system and surface water motion,
The Hawaiian oceanographic climate, the seasonal changes in
temperature and salinity, are largely determined by changes in the
location of the boundarics and changes in the speed of the
California Current extension, or, surface water movement. A pro-
ject to make preliminary investigations concerning surface water
motion as reflected by the Hawaiian Oceanographic climate, and
associated changes in the trade wind system, are an important
part of the initial phase of the experiment.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish,

3.002¢, ATMOSPHERIC TURBULENCE FIELD STUDIES
P. FRENZEN, Argonne National Laboratory, Argonne - Lemont,
Hlinois

The structure of small-scale turbulence in the lowest 10 me-
ters of the acmosphere is being investigated with the object of
developing operational metnods for the routine measurement of
energy exchange at the surface of the earth. Turbulent fluctua-
tions of wind speed and temperature are recorded under condi-
tions in which the vertical flux is invariant with height, using spe-
cially developed instruments mounted on portable towers over
selected, uniform sites. A recent theoretical method for determin-
ing the turbulence dissipation rate (and, subsequently, the verti-
cal flux of momentum) from reductions in variance effected by
averaging wind records over succesively larger intervals
(Frenzen, Quart. J. Roy. Meteor. Soc., 91 (1965); 28-34) has
been verified in the field using data collected by a fast-response
wind measuring system constructed for the purpose. A similar
theoretical treatment of thermal fluctuations has been prepared
(Frenzen, Radiol. Phys. Div. Ann Rep., July '64 - June 65, ANL-
7060; Argonne National Lab,; 140-133) and a temperature
system designed to utilize this result for the measurement of verti-
cal heat flux is being completed. Because of the relative simplicity
of the instrumentation required and an inherent freedom from
longer period disturbances such as those caused by waves rocking
an instrumented platform, these 'variance reduction’ methods ap-
pear to be especially suited to the problem of measuring vertical
eddy transfer over large bodies of water.

Apparatus is currently being constructed for the direct mea-
surement and computation of vertical fluxes in the field by the
eddy-correlation method. Unlike most devices of this kind previ-
ously used in micrometeorological investigations, the present
equipment will employ digital rather than analogue computation
procedures.

SUPPORTED BY U.S. Atomic Energy Commission

3.0021, EXPERIMENTAL FLUID DYNAMICS
A.J. FALLER, Univ. of Maryland, School of Engineering, College
Park, Maryland

‘the objective of this proposal is to continue the studies of
boundary layer instability in rotating systems, of oscillatory circu-
lations due to the tilt of the rotation axis, of the generation of
wind waves, and of the stability of a barotropic geostropic jeton a
‘beta‘ plane. It is further proposed to initiate an experimental
study of thermally-driven circulations that are designed to simu-
late the general circulation of the atmosphere.

The problems will be approached in the following manner:
(1) Boundary layer instability and transitions - numerical integra-
tions for combined shear flow and thermal convection will be un-
dertaken, Boundary layers with both stable and unstable stratifi-
cations will be studied. (2) Oscillations in a tilted rotating tank -
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the tilted axis will be processed to allow various combinations of
tidal and rotation frequencies. Regions of resonance will be in-
vestigated theoretically and experimentally. (3) Analogues of the
genera) circulation of the atmosphere - thermally-driven circula-
tions will be generated by heating and cooling a large cylindrical
rotating tank. Statistics of the flow will be measured directly. The
resulting numerical models will compare statistical features with
corresponding statistical measurements of the experiment. (4)
Wind-geneiated waves and small-scale air-sea interactions - stu-
dies will include the determination of velocity profiles ir both air
and water, the turbulence level in air and water and the effects of
surface films.

SUPPORTED BY U.S. National Science Foundation

3.0022, DYNAMICS OF AIR-SEA INTERACTION
E.L. MOLLOCHRISTENS, Mass. Inst. of Technology, Graduate
School, Cambridge, Massachusetts 02139

The objective ofthis work is to continue studies of the
dynamics of air-sea interaction. The ultimate goal is to obtain
quantitative measures of the vertical fiuxes of heat, moisture and
momentum across the sea surface as a function of time history,
scale, and atmospheric and oceanographic parameters. The
emphasis will be on understanding the details of the small scale
dynamic processes such as the processes of generation of turbu-
lence and the structure of the turbulent field over the seasuriace.

Problems related to the small scale processes are being in-
vestigated in laboratory experiments. These studies include in-
vestigations of stratified shear flow stability and turbulence, the
structure of the turbulent Ekman layer, and phenomena involving
stratification and rotation.

Field studies are being conducted also so the full scale range
of parameters can be obtained as well as the full complexity of the
natural processes. These studies include measurements in the
boundary layer over the sea surface of the spatial and temporal
structure of the velocity and temperature field under known mean
conditions of wind profile, temperature profile, current, water
temperature structure and surface wave field.

This program is supported jointly by the Office of Naval
Research and the National Science Foundation.

SUPPORTED BY U.S. National Science Foundation

3.0023, AIR-SEA INTERACTION
E.L. MOLLOCHRISTENS, Mass. Inst. of Techrology, Graduate
School, Cambridge, Massachusetts 02139

This task is concerned with the dynamics of small scale air-
sea interaction processes within the boundary layers of the ocean
and atmosphere, with particular emphasis on fluctuations in
velocity, temperature and salinity to determine the turbulent flux
of momentum, salinity and heat throughout the surface layer of
the ocean. It is primarily a field program with experiments being
conducted from a buoy system set in Buzzards Bay, Mas-
sachusetts.

The results from this taks are expected to further our un-
derstanding of the environmental processes influencing wave
generation and the thermal structure of the oceans. From this un-
derstanding may result improved forecasting methodology to sup-
port marine operations.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0024, LARGE-SCALE
MOSPHERE RELATIONSHIPS
L1, SCHELL, Ocean Atmosphere Res. Inst. , Cambridge, Mas-
sachusetts 02138

The objective of the work is to conduct an investigation into
the nature of large-scale intertial ocean-atmosphere relationships
involving the equatorward extent of ice and the contemporary
and subsequent large time-scale monthly and seasonal sea surface
temperatures and weather as a basis for possible iong-range
forecasting.

To accomplish the above objective it is planned to analyze
synoptically and statistically the southerly ice limit in the Green-
land Sea and the Okhotsk Sea and compare them with charts of
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sea ievel and upper level pressure distributions, winds and jet
streams, gea temperatures, etc. Indices of circulation are to he
develops:; from an analyss of the correlation'of ice limits and sea
temperatures with subsequent weather as a basis for long range
forecasting of the sea surface temperatures of the northeastern
Atlantic and the weather of northwestern Europe as well as the
sea surface temperatures of the northwestern Pacific and the
weather of northern Japan, the Aleutians and Alaska.

SUPPORTED BY U.S. National Science Foundation

3.0025, INTERACTIONS BETWEEN TURBULENCE,
CLOUDS, SEA TEMPERATURE

A.F. BUNKER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetis 02543

'The objective of the proposed work is to analyre, evaluate
and interpret the vast body of meteorological data obtained by
the WHO] C-54Q aircraft during the Inte. national Indian Ocean
Erpedition (1963- 65) and the Line Island Experiment (1967).

The Indian Ocean woik will include vertical cross-sections of
clouds collated with streamlines, temperature cross-sections and
photographs from satellites and the aircraft. Turbulence and tur-
bulent flux measurements in clear and cloudy air above the fric-
tional level will be studied in detail to find their relation to sea sur-
face temperatures, wind fields and gradients, the conditional in-
stability of the air in the southwest monsoon, the stability of the
air in the northeast monsoon, and the convective activity in the
equatorial trough.

The Line Islands work will include making cloud cross sec-
tions and relating the cloud types and heights to the thermal,
water vapor and wind fields cf the atmosphere in the equatorial
region. Turbulence measurements and turbulent flux computa-
tions made in the moist layer between 6 degrees S and 21 degrees
N will be studied to determine their relation to the sea-surface
temperature and the thermal and kiretic fields that were observed
at the same time.

SUPPORTED BY U.S. National Science Foundation

3.0026, AIR-SEA EXCHANGE
P. SAUNDERS, Woods Hole Oceanogiaphic Inst. , Woods Hole,
Massachusetts 02543 (N00014-66-C0241)

The objectives of this investigation are to improve our
knowledge and understanding of the short wave isolation
reaching the surface layers of the ocean and to improve the accu-
racy and usefulness of measurements of sea surface temperature
using remote techniques. The relationship between bulk water
and interface temperatures and the exchange of energy and mo-
mentum from air to sea is to be examined by observations ob-
tained from a tower in Buzzards Bay. Measurements also are to be
made of the albedo of the ocean for both diffuse and direct insola-
tion, and the apparent surface temperature observed from ir-
frared radiation measurements is being examined as a function of
the height of the sensor.

The results from this work are expected to provide basic un-
derstanding of the radiative processes which heat and cool the
surface layers of the oceans, thereby affecting the thermal and
sound velocity structures. Such knowledge is required to develop
meaningful models from which forecasting methods can be
developed.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.027, TURBULENCE OVER WAVES
D.J. PORTMAN, Univ. of Michigan, Scliool of Engineering, Ann
Arbor, Michigan (N00014-67-A-0180-0005)

The objective of this task is to investigate the structure of tur-
bulence and of the turbulent fluxes of momentum and heat in the
atmospheric boundary layer immediately over the sea surface. An
experimental investigation will be made of the taree-dim<nsional
structure of turbulence and of the spectral characterit* * . of tem-
perature fluctuations. Analyses will include determir.ation of the
Reynold's fluxes of heat and momentum over water waves. Mea-
surements will be made from a fixed tower or buoy and also a low-
flying aircraft.




The results from this task are expected to contribute to the
understanding of the nature of the wind field immediately above
the sea surface. Better knowledge of its characteristics are needed
to improve wave forecasts for naval operations and to assist air-
craft operations at low altitudes and landings at sea. Improved un-
derstanding of heat flux should aid in improving forecasts of ther-
mal structure as well as meteorological forecasts over oceanic
areas.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0028, AIR-SEA INTERACTION PROCESS
A.C. WIINNIELSEN, Univ. of Michigan, School of Engineering,
Ann Arbor, Michigan

Since the wind is the chief driving force of the lake, specifica-
tion of the wind in the layer of air just abeve the water surface is
of fundamental importance. To obtain wind fields over the lake
on a routine basis, parameters must be chosen which a) are them-
selves routinely available, b) uniquely define the wind profile near
the surface or the wind at some significant level and c) are
representatives of large portions of the lake.

On the other side of the air-lake interface the problem of
specifying the possible modes of response of the Lake arises. To
provide information of water flow a relatively dense network of
instrument buoys was placed in Lakes Michigan, Ontario and Erie
by the Great Lakes-Illinois River Basins Project of the Division of
Water Supply and Pollution Control, U.S. Public Health Service.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

3.0029, GREAT LAKES RESEARCH - ENERGY
TRANSFER AT THE AIR-WATER INTERFACE

J.G. HOUSLEY, U.S. Army, Lake Survey, Detroit, Michigan
48226

The direct contact between water and air at their interface
produces an exchange of energy and mass. Analysis of the inter-
face activity will establish the mechanism by which energy and
mass transfers, both air to water and water to air, are accom-
plished. These transfers are in the form of heat energy, such as
radiation, conduction, convection, condensation, and evapaora-
tion; kinetic energy as in wind tides and waves; mass as in absorp-
tion of gases and soldis by water; and electic charge transfer.
Results will lead to improved methods of predicting waves, cur-
rents, wind tides, water siv'pply, and modificaticn of regional cli-
mate by the lakes.

Under contract with the University of Michigan, data are
being obtained at an instrumented tower about one mile offshore,
near Muskegon in Lake Michigan. The tower was in operation for
the seasons 1963, 1964, and 1965, and 1967. Reduction and anal-
ysis of the data will continue in FY 69; the instrument~d tower
was reestablished in May 1968. Development of equipment for
wind-stress measurements on a continuous basis is underway.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0030, SURFACE TENSION
J.J. JASPER, Wayne State University, Graduate School, Detroit,
Michigan 48202

The data on surface tension of pure liquids at ordinary tem-
peratures will be compiled from the literature and critically evalu-
ated. The surface tensions of liquids are needed for an un-
derstanding of all processes of liquid-liquid extraction, wetting of
solids, adhesion and many meteorological processes. This project
is in accord with the reference data mission of NBS.

Data on the surface iension of liquids at ordinary tempera-
tures will be compiled from the literature and evaluated as to
quality and presented in various useful ways.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

3.0031, PROJECT EVAPORATION
C.C. EASTERBROOK, Comell Aeronautical Lab. Inc. , Buffalo,
New York 14221

The main objective of this project is to determire the effect
of wave action on the rate of evaporation from a free water sur-

51

3. METEOROLOGY

face. Experiments carried out in an enclosed wave-tank as part of
the initial contract showe that evaporation was actually rcduced
from 30% to 40% by well developed waves on the surface. Sub-
sequent study of air flow over the waves indicated that this flow is
modified in such a way as to retard the upward transport of water
vapor.

The extension to the evaporation projent carried the study
into the real world where measurements were made in the free at-
mosphere over the surface of Lake Hefner in Oklahoma. This
data was recorded on magnetic tape by a cooperating group from
ESSA in Boulder, Colorado. The data is currently being analyzed
and results will be reported in the final report.

SUPPORTED BY U.S. Dept. of Interior - Bu. Reclamation

3.0032, RADIANT ENERGY FLUX ACROSS THE AIR-SEA
INTERFACE AND HEAT BUDGET OF THE OCEANS

R. HOLLMAN, New York University, School of Engineering,
New York, New York 10003 (NONR)

Objective: The needs for environmental predictions of ocean
thermal structure require knowledge of the factors controlling the
heat budget of the surface layers of the ocean. The heat budget is
controlled by raliation directly from the sun and indirectly from
the sky as well as that radiated back to the atmosphere from the
oceans. This research on the exchange of radiant energy at the sea
surface is aimied to contribute to naval oceanographic forecasting
services as well as marine meteorological forecasts.

Approach: The flux of radiant energy at the sea surface is
being measured as a function of solar evaluation and cloud condi-
tions in order to determine the coefficient of reflectivity for sky
radiation. The results are being used to derive prediction equa-
tions for the downward flux density of radiation under varying
cloud amounts and types of air-masses. Infrared measurement
techniques from spacecraft, aircraft and surface ships also are
being studied to determine the reliability to which the longwave
back radiation from the sea surface can be determined.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0033, TURBULENT PROCESSES AT AIR-SEA AND
BOTTOM BOUNDARIES OF THE OCEAN

A.D. KIRWAN, New York University, School of Engineering,
New York, New York 10003 (NONR)

Objective: The Navy requires knowledge of turbulent
processes in the oceans in order to describe and predict the
oceanic environment for the planning and execution of opera-
tions. A better understanding of the turbulent regine at the air-sea
and bottom boundaries bears upon the prediction of thermal
structure ; on bottom currents and their variability affecting deep
rescue vehicle operations, mining operations and the determina-
tion of loading forces on fixed underwater structures; and on sur-
leilc.:e wave and wind forecasts affecting the operations of surface
ships.

Approach: Both theoretical and field experimental work on
turbulence is being conducted. Earlier theoretical work by Erin-
gin is being extended and applied to flow between plates. Field
measurements of the structure of turbulence in the lower levels of
the atmosphere immediately above the sea surface are being
made from ARGUS Island off Burmuda. The effects of sea sur-
face roughness, the fetch of the wind field and the stability of the
atmosphere on the transfer of energy from the atmosphere to the
ocean is being determined. The program is being conducted
jointly with NavOceanO. A paralleling study of the turbulence in
the bottom boundary layer of the ocean is being conducted in a
tidal channe! off Long Island, N. Y., to determine the nature of
the velocity field next to the bottom.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0034, PHYSICAL OCEANOGRAPHY
T. ICHIYE, Columbia University, Graduate School, Palisades,
New York 10964 (N00014-67-A0108-0004)

This task is concerned with air-sea interactions and diffusion
processes within the upper ocean, and with the micro-ther-
mohaline structure of the oceams. The relationships between
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Langmuir type cellular convection in the surface layer and en-
vironmental factors such as surface currents and their shear,
winds, and waves, are being investigated. Information on the heat
exchange between sea and atmosphere also is being obtained
using airborne infrared thermometer and humidity sensors. A
joint program with the University of Hawaii using STD’s is to be
undertaken to determine the horizontal scales of the ther-
mohaline microstructure present in the region of the Pacific im-
mediately north of Hawaii.

Surface layer parameters and the ability to forecast them are
important in fleet operations and in the disperszi of waste and
contaminants. O. eanic thcrmal structure and its space and time
variations strongly affect acoustic propagation. Naval capabilitics
in these areas will benefit from the results of this research pro-
gram,

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0035, RESEARCH IN AIR-ENERGY EXCHANGE
W.V. BURT, Oregon State University, Graduate School, Corvalli,
Oregon 97331

The emphasis to date has been on measurenient of radiation;
short- wave radiation has been measured at sea and in port. These
measurements will be critically examined with future concurrent
measurements at the Marine Science Lab and at sea, Equipment
is being prepared to separate diffuse from direct short wave radia-
tion at the Marine Science Lab, and a pyranometer has been in-
stalled to be used with filters to study the spectral variation of in-
cident solar radiation. An inverted pyrheliometer will be used at
sea to measure reflected short wave radiation, and a specially
vented radiometer has been built for measurement of long wave
radiation at sea.

Heat stored in the waters is under intensive study; com-
parison will be made between the surface budget and the ob-
served storage. Efforts will be made to explain the differences and
then design direct sampling programs to test for the advective
teansport. Direct measurement of light in the sea has been begun
in conjunction with experiments on biological productivity --
more effort will be expended on this part of the work. Experi-
ments with lasers and other artificial light sources will be added in
order to learn more about turbidity and other factors affecting
light transmission in both sea and atmosphere. Preliminary studies
of atmometers for estimating evaporation at sea have been made,
and if these prove feasible, they will be used in conjunction with
the mass transfer computations to study the evaporation from the
sea off Oregon.

SUPPORTED BY U.S. National Science Foundation

3.0036, ATMOSPHERIC EFFECTS OGN INCOMING
SOLAR RADIATION OVER TROPICAL OCEANS

W.V. BURT, Oregon State University, Graduate School, Corvallis,
Oregon 97331

The objectives of this research are threefold: (1) to obtain a
comprehensive understanding of atmospheric effects on incoming
solar radiation over the tropical Pacific Ocean; (2) to develop
suitable equations for computing incoming solar radiation over
tropical oceans based on meteorological data; and (3) to compute
incoming solar radiation over the tropical Pacific based on
findings and equations developed.

To accomplish the above objectives it will be necessary to in-
vestigate the cloud distribution by type and amount at 5 selected
sites (Canton Island, Wake Island, Johnaton Island, Majuro Atoll
and Kwajalein Atoll); to determine the effect of various amounts
of atmospheric water vapor and clouds on incoming solar radia-
tion; to determine the moist layer thickness at all locations during
both disturbed and undisturbed weather conditions; to find suita-
ble correlations between daily precgmitation amounts and the oc-
currences of significant weather disturbances at the sites; to
determine the variation in weather conditions and incoming
radiation in the vicinity of the equatorial trough; to determine the
most suitable cloud parameters to use in equations for computing
incoming radiation in the equatiorial trough zone and the trade-
wind region; to determine what other parameters are essential to
formulaec for computing incoming solar radiation; to use Air
Force and Navy summaries to extend study results in space and
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time; and to develop suitable formulae for computing incoming
solar radiation over the tropical oceans through use of hourly at-
mospheric and radiation data in conjunction with computer pro-
grams.

SUPPORTED BY U.S. National Science Foundation

3.0037, FLUXES OF DISSOLVED GASES AND
NUTRIENTS RELATING TO BIOCHEMICAL AND AERA-
TION PROCESSES OFF THE OREGON COAST

K. PARK, Oregon State University, Graduate School, Corvallis,
Oregon 97331

Research to date has been on the synoptics of the various
chemical parameters in spatial and temperal coordinates. The
parameters being investigated are salinity, oxyges, pH, alkalinity,
phosphate, and less frequently, silicate and total carbon dioxide.
Development of chemical techniques that can be used at sea, such
as conductometric alkalinity anlaysis, gas-chromatographic deter-
mination of dissolves gases, and the reliability of conductometri-
cally determined salinity has been studied.

It is proposed to study the air-sea exchange in different
seasons of inert gases (argon and, for first approximation,
nitrogen) and biologicalty active gases (oxygen and carbon diox-
ide). Such studies are essential to understand the mechanism of
aeration in natural oceanic conditions, and it is quite feasible in
this region, because a large annual surface temperature fluctua-
tion, over 8 degrees C at 300 km, cccurs off Newport, Oregon.

Quantities of the nutrient matters supplied to the euphotic
zone of the ocean by Columbia River outflow and by the process
of upwelling will be measured. It is calculated that each of these
sources adds approximately one billion nioles of phosphate to the
euphotic zone off Oregon. The rate of addition of the nutrient by
these sources affects the fertility of the euphotic zone.

SUPPORTED BY U.S. National Science Foundation

3.0038, HEAT AND MOMENTUM EXCHANGE
PROCESSES BETWEEN THE OCEAN AND THE AT-
MOSPHERE

G.S. POND, Orzgon State Uuiversity, Graduate School, Corvallis,
Oregon 97331

Objective: Improvements in forecasting marine weather and
sea conditions are extremely important to operation at sea. Such
improvements will require a more accurate knowledge of the
transfer of heat and momentum between the ocean and the at-
mosphere. This research, by providing a better understanding of
the energy exchange processes, will help determine more accu-
rate ways of estimating these exchanges from incomplete environ-
mental data.

Approach: A field experiment using an instrumented tower
located about one mile off the Oregon Coast will be carried out.
Water vapor concentration, temperatures, wind velocities, and
the verticial gradients of each of these variables will be made in
the atmosphere immediately above the sea surface. From these
data determinations will be made of (i) the amount of heat
exchanged between the atmosphere and the ocean, (ii) the
similarities and differences between the several physical
mechanisms by which heat and momentum are transferred, and
(iii) the relations between the amount of heat exchanged and the
prevailing meteorological and oceanographic conditions.

SUPPORTED BY U.S. Dept. of Defensc - Navy

3.0939, SEA-AIR INTERACTION RESEARCH
G.5. COOK, U.S. Navy, Underwater Weap. Res. & Eng. , New-
port, Rhode Island 02844

Technical Objective: (1) Establish a working knowledge of
the mean conditions and the variables involved in the dynamics of
small scale processes in the air-sea interaction. (2) Make
meaningful observations of the fluxes of momentum, heat, and
salt in the air-sea interface region, and to correlate the dynamics
of the sea surface with the generation of ambient sea state noise at
the air-sea interface.

Approach: One or possibly two tower-type, spar satellite
buoys will be implanted near the Buzzards Bay entrance light sta-
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tion. Instrumentation and appropriate sensors will be installed to
measure mean air-sea conditions, including air temperature, wind
velocity, water temperature, current velocity, wave conditions,
and ambient noise. Measurements will be made of the space-time
correlation structure and spectra of the wind speed above the air-
sea interface and the ambient noise records. Studies will be con-
ducted in the laboratory on turbulent convection in a stably
stratified fluid heated from below.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0040, SEA BREEZE INVESTIGATION
K.H. JEHN, Univ. of Texas, School of Engineering, Austin, Texas
78712

This work covers the third and final year of an investigation
of the sea breeze along the Gulf Coast of Texas. The objectives of
this year’s work are to analyze and interpret the meso-scale obser-
vational data that have been collected during the summers of
1966 and 1967 aad to make selected measurements during the
summer of 1968.

The meso-scale analysis will center around the objective
analysis program that has been made operational on the NCAR
CDC-6600 computer. A study of the energy budget associated
with the sea breeze will te started. A wind tunnel study and
calibration of the liquid water content device used in cloud obser-
vations will be completed.

In June 1968 a small field effort will be mounted for the pur-
pose cf evaluating the surface input of energy into a sea breeze
circulation. Measurements in the boundary layer will be made
from several towers. In addition an airborne radiometer will be
flown on an NCAR aircraft to determine the surface temperatures
over the land and water. Extensive laboratory testing will be
Eequired of the instrumentation before going into the field in

une.

SUPPORTED BY US. National Science Fcundation

3.0041, AIR-SEA INTERACTION
G.A. FRANCESCHINI, Texas A & M University System, Gradu-
ate School, College Station, Texas 77843 (NONR)

The goal of this effort is to develop methods of predicting
changes in conditions within the boundary layers of the sea and
atmosphere from routinely available data. Of immediate concern
is the exchange of sensible and latent heat and its relation to near
surface gradients of temperature and humidity. An observational
grogram is being planned and associate equipment designed and

-eld site selected during the coming year.

This study sould improve our knowledge of spatial and tem-
poral variations of temperature in the ocean and thus work
toward eventual systems for predicting environmental conditions.

SUPPORTED BY U.S. Dept. of Defense - Navy

30042, AIR-SEA INTERACTION
D.F. LEIPPER, Texas A & M University System, Graduate
School, College Station, Texas 77843 (NONR)

The objective of this task is to develop accurate forecasting
methods for cceanic phenomena which are dependent upon air-
sea interactions using tools of synoptic oceanography. Particular
attention is being payed to the currents and thermal structure in
the eastern Gulf of Mexico and the ways in which they change
seasonally and in response to wegzther conditions.

It is expected that these studies will contribute to the
development of oceanic forecasting methods particularly the in-
fluence of large-scale weather systems upon ocean temperature.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0043, HYDROSPHERE-ATMOSPHERE RADIOCHEMI-
CAL MEASUREMENTS
A.W. FAIRHALL, Univ. of Washington, Graduate School, Seattle,
Washington 98122

The excess carbon-14 introduced into the northern hemi-
sphere stratosphere during the 1961-1962 USSR and US nuclear
weapons tests provides a useful tracer for the study of atmospher-
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ic mixing processes and exchange of carbon dioxide between the
atmosphere and the surface of the sea. To study these processes
the troposphere and the surface of the sea are sampled periodi-
cally, at various locations within both the northern and southern
hemispheres, for carbon-14. The studies to date show that at-
mospheric dispersion of trace substances is well accounted for by
eddy diffusion, the horizontal eddy diffusion coefficients being
proportional to the variance of the wind speed. The exchange of
carbon dioxide with the sea is shown to be proportional to the
square of the average wind speed over the sea surface.

SUPPORTED BY U.S. Atomic Energy Commission

3.0044, ENERGY TRANSFER NEAR THE EARTHS SUR-
FACE

R.G. FLEAGLE, Univ. of Washington, Graduate School, Seattle,
Washington 98122

The principal objective of this proposal is to complete the
development of the capability for making reasonably accurate
measurements of vertical turbulent flux. It is anticipated that dur-
ing the period of time involved objectives will be formuiated to
take advantage of and contribute to the developing national and
international programs involving energy transfer in the at-
mospheric boundary layer.

To complete the development work, it is planned to hold
several comparative experiments between instruments for mea-
suring turbulence statistics. Studies will be made analyzing the
motions of the MENTOR buoy, measuring the vertical fluxes of
heat and momentum simultaneously over different surfaces,
determining the spectra of the fluxes and establishing the Kol-
mogoroff constant for momentum and temperature.

SUPPORTED BY US. National Science Foundation
38. HURRICANES-STORMS

3.0045, ATMOSPHERIC CONDITIONS
WITH CUMULUS CONVECTION

W.M. GRAY, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521

To continue investigation of the wind speed, vertical shear,
and baroclinicity in the inner areas of tropical storms and develop
a model to fit the observed cumulus convection. To continue a
statistical study of frictional turning of wind in the sub-cloud
layers over the tropical oceans.

Most of the work will utilize RFF flight data since much of
the area under study is over tropical oceans. In addition, large
quantities of data supplied by Asheville, and special tower obser-
vations will be utilized.

During the period of previous support results indicated that
most tropical disturbances from which storms form are generated
from an environment in which a horizontal shearing zonal trade
wind current is present with minimum tropospheric vertical shear.

SUPPORTED BY US. Dept. of Commerce - E.SS.A.

ASSOCIATED

3.0046, HURRICANES AND OTHER TROPICAL
METEOROLOGICAL PROBLEMS :
R.C. GENTRY, Univ. of Miami, National Hurricane Res. Lab. ,
Miami - Coral Gables, Florida 33124

The scientific objectives of NHRL are to acquire greater
knowledge of tropical cyclones and their environment; to develop
improved techniques for forecasting hurricane motion, forma-
tion, dissipation, and intensification; and to develop and/or evalu-
ate hypotheses of _tropical cyclone modification. Specially
equipped research aircraft, weather satellites, and conventional
surface and upper air networks will be used to obtain data to
study the structure, dynamics, and high energy processes of the
tropical cyclone. These data will also be used to determine in-
teractions between the tropical syclone and its environment in ef-
forts to determine what are the factors involved in hurricane for-
mation, intensification, dissipation, and movement. Tropical
cyclone genesis and maintenance are being studied by the
development of dynamical-numerical models of tropical circula-
tions. Efforts to continue modification experiments on hurricanes
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will be intensified. Primary emphasis will be placed on the experi-
ment to conduct multiple seedings of the eye wall of a mature hur-
ricane. Second priority will be given to modificaticn experiments
on the rainband of a hurricane.

SUPPORTED BY U.S. Dept. of Commerce - ESS.A.

3.0047, TRITIUM IN HURRICANES
H.G. OSTLUND, Univ. of Miami, Graduate School, Miami -
Coral Gables, Florida 33124

To use the radioactive hydrogen isotope tritium, T, as a tool
in air/sea interaction studies. Since the exchange of molecules at
the interface is closely related to the flow of latent and sensible
heat, the results could give experimental verification to hitherto
only vaguely known exchange coefficients, and the energy budget
of the system.

Using aircraft, take separate samples of liquid water and
water vapor for analysis of tritium content. Relating points where
samples were taken to positions in the hurricane or tropical
storm. From the analysis, the total exchange of water at the
air/sea interface may be deduced.

Some preliminary experiments were conducted in 1964,
{965, 1966. These experiments indicate that the total exchange
of water at the air/sea interface is intense. Also the radial distribu-
tion of inflow into a hurricane was deduced, along with the air/sea
exchange coefficients for water vapor.

SUPPORTED BY U.S. Dept. of Commerce - ESS.A.

3.0048, TROPICAL STORM INVESTIGATIONS IN THE
ATLANTIC, CARIBBEAN, AND GULF OF MEXICO
N.E. LASEUR, Florida State University, Graduate School, Tal-
lahassee, Florida 32306

Objective - Lack of conventional meteorological data has
hindered a complete analysis of disturbances in the tropical
oceans during the course of a typical season. Project objectives
are: (a) to produce a sequence of analyses tropical oceanic areas
extending from the Gulf of Mexico eastward to 10 degrees E., and
investigate characteristic features of waves, anticyclonic centers,
major convergent lines and other significant systems. (b) The
development, extension and testing of hypotheses based on com-
parisions of satellite,

Approach - All data are being incorporate into complete
analyses using both forward and backward time continuity. Wave

and vortex systems will be tracked io gain information on size, in-
tensity and speed of motion. During periods of concurrent
coverage, satellite uata will be used to investigate the intensity of

disturbances and their vertical motion field.
SUPPORTED BY U.S. Dept. of Commerce - ESS.A.

3.0049, TROPOSPHERE METEOROLOGY IN THE TROPI-
CAL ATLANTIC AREA

N.E. LASEUR, Florida State University,
lahassee, Florida 32306

It is intended that the work remaining in the preparation and
analysis of derived quantities (divergence, vorticity, deformation)
and auxiliary fields (clouds and precipitation) will soon be
completed. The problems of anomalous anticyclone gradient
balance between the wind and pressure fields will be pursued.

The approach will be to solve the balance equation in its
usual elliptic form in regions of cyclonic flow and normal an-
ticyclonic gradient balance plus the solution of the hyperbolic
form of this equation in regions of anomalous anticyclonic
gradient balance.

Analysis of surface and upper tropospheric chargs over the
Tropical Atlantic region has been carried out over the past five
years. In addition analyses have been made of cloud and
precipitation information collected for the IGY period. Work
continues on the problem of anomalous wind cases associated
with subtropical westerly and easterly jet-streams.

SUPPORTED BY U.S. Dept. of Commerce - ES.S.A.

Graduate School, Ta’
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3.06050, RESEARCH ON DYNAMICS OF LOW LATITUDE
CIRCULATIONS

H.L. KUO, Univ, of Chicago,
60637

Objective - At low .atitudes, particularly over the oceans,
conventional meteorological observations are scarce and at-
mospheric circulations are poorly understood. Project objective is
to continue theoretical studies currently underway directed
primarily to the formation of easterly waves and hurricanes. This
involves the development of numerical models to simulate hur-
ricane formation, and includes theoretical investigation of con-
vection and low latitude wave pertubations.

Approach - Increasingly more complex and complete models
will be designed to study hurricane formation. Effects of diurnal
heating and vertical wind shear will be incorporated in the-studies
of convection motions. Results will be described ina comprehen-
sive Final Report.

Progress (to June 30, 1967): Little progress this period
because of problems with the multi-level hurricane model. Grant
has been extended six months.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

Graduate School, Chicago, Hllinois

3.0051, DYNAMIC STUDY OF THE TEMPORAL
4.J. PALLMAN, Saint Louis University, School of Engineering,
Saint Louis, Missouri 63103

Technical Objective: To continue the study of the ‘temporal‘
in terms of a dynamic-energetic model incorporating earlier
findings to establish the important characteristics of the temporal
at maturity as well as at its formation. Comparison to major tropi-
cal storm characteristics will then be possible.

APPROACH: By use of Nimbus II radiation data, AVCS
photographs and conventiona! data, another ‘temporal’ case of
June 20-27, 1966 will be studied. Results will be presented in a
written report.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

3.0052, LAKE EFFECT SNOWSTORM STUDY
v.J. SCHAEFER, State University of New York, Atmospheric
Sciences Res. Ctr. , Albany, New York 12203

The primary objective of this research is to conduct studies
on the effects that the Great Lakes have on lee side snow fall.

The approach will be focused on continuous monitoring of
atmospheric nuclei and of snow crystal types during the
snowstorms which occur and relate these to snow fall, wind
direction and related phenomena. In addition, patterns of conver-
gence, generation of clouds, snow distribution will be studied.
Until these features are well established, it will be difficult to
develop an engineering design to properly modify these storms.
Orographic phenomena also will be studied.

Work accomplished under the grant has been the establish-
ment of a mesoscale observation network downwind of both
Lakes Erie and Ontario.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

3.0053, HURRICANE
MODIFICATION STUDY
K. OOYAMA, Nevy York University, School of Engineering, New
York, New York 10003

This grant provides support for the third and final year of
research carried out formerly under GP-5192 and GA-623 on the
activities of K. Ooyama in studying the structure and behavior of
hurricanes using mathematical models on high speed electronic
comyputers. The first objective of the project to construct a simple
model of a hutricane to understand the basic hurricane dynamics
has now been achieved. This extension will permit work to be in-
itiated on a numerical model which would be accurate enough to
predict the behavior of real hurricanes. The restrictive assump-
tions in the present model, such as gradient wind balance and axi-
symmetry, will have to be replaced by more realistic boundary
conditions.

SUPPORTED BY U.S. National Science Foundation

DYNAMICS FOR ARTIFICIAL




3.0054, SEVERE STORM CLIMATOLOGY
W.H. HAGGARD, U.S. Dept. of Commerce, Natl. Weather
Records Ctr. , Asheville, North Carolina

To investigate the spatial and temporal variations in 1) the
synoptic patterns associated with the subsequent development as
well as non-development of tropical cyclones; 2) the contribution
of the storms to the precipitation distribution patterns over
specific land areas; and 3) the low-level meteorological
phenomena associated with severe frontal passages and to relate
satellite cloud photos to time and degree of recurvature of hur-
ricane paths. Climatological models will be developed to provide
the proballe distribution of significant parameters such as wind
and moisture.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.
3C. GENERAL METEOROLOGY-CLIMATOL.OGY

3.0055, AN EXPERIMENTAL AND THEORETICAL
STUDY OF THE MARINE AND CONTINENTAL CLIMATES
OF POINT CONCEPTION TO THE MORRO BAY REGION
OF CALIFORNIA

J.A. ROBERTS, Meteorology Research Inc. , Altadena, California

Technical Objective: An improves scientific understanding
of the marine elements of coastal climates and of the effects of
topography on micrometeorology of the coast and a more
complete basis for predicting environmental conditions affecting
military landing and beach clearance operations.

Approach; Micrometeorologic and marine data on the
California coast from Point Conception to Morrow Bay wi". be
collected and analyzed. This portion of the coast has been clas-
sified as a single climatic type and contains a variety of coastal
land forms. Data will be collected from three instrument ranges,
eleven coastal reporting stations, and a series of seasonal aircraft
operations. The data will be reduced and analyzed with respect to
the general synoptic situation and related to seasonal climatic
conditions.

Progress: Three mechanical weather stations were sited
around @ach of the three headlands, Pt. Arguello, Pt. Sal and Pt.
Buchon, for a total of nine installations. Each station consists of
wind direction and cpeed, air temperature and precipitation
gauges. Atmospheric soundings are made by an MRI aircraft in-
strumented to take continuous measurements of temperature, hu-
midity and turbulence as a function of elevation. Intensive field
observations were conducted during two periods, 31 May to 3
June and during the week of 22 August, including special mea-
surements of wind and observations of cloud cover, in addition to
wind data being measured by the network of mechanical weather
stations.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0056, MESO WIND PATTERNS IN THE CENTRAL
CALIFORNIA VALLEY

W.E. YATES, Univ. of California, School of Agriculture, Davis,
California 95616

The proposed research has emerged from studies ot drift of
herbicides and insecticides, air pollution, and wind erosion. Ex-
ploratory surveys on a modest scale in parts of the Central Valley
of California resulted in the discovery of some peculiar wind pat-
terns in the lower Sacramento and lower San Joaquin Valleys.
Spraying schedules in parts of this area could be established for
agricultural aircraft operators, and suitable wind protection
devices could be designed in another part.

The study is carried out by establishing several portable cli-
mate recorders that include wind registering in various sites of the
Valley. A further observation tool is a 1,500 ft. TV tower, which
was equipped also with six or these recorders at various heights.
Furthermore, pibal observations and airplane cruises are em-
ployed. The data will permit obtaining basic knowledge of the
particular wind patterns, and generally about the interaction of
the phenomena of sea breeze and continental pressure systems
about 100 miles frem the coast.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.H.S.
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3.0057, PACIFIC OCEAN INFLUENCE UPON CALIFOR-
NIA RAINFAILL

J. BIERKNES, Univ. of California, Graduate School, Los Angeles
~— U.C.L.A. , California 90024

In project research for the National Science Fonndation car-
ried on by the principal investigator it has been found that the
Pacific Ocean temperature varies more from year to year near the
equator than it does in adjacent areas to the north and sovth. It
has also seen demonstrzted that the inter-annual variation in heat
and moisture input from the equatorial belt of the oczans in the
few instances investigated does influence the global pattern of the
atmospheric circulation. On the basis of this experience it is tentx-
tively assumed that thie variation of rainfall from year to year in
California, and other areas around the Pacific Ocean, primaiily
results trom the variability of the water temperature at the equ»
tor.

It is planned to test this hypothesis by assembling maps of the
atmospheric circulation for all winter seasons during which equa-
torial water temperature measurements were carried out. Next,
the map types will be correlated on the one hand with equatorial
water tempearatures and on the other with the historical rainfall
record in California.

The problem of estimating the yield of a rainy season on the
basis of atmosphere and ocean data, available before the rains
start, will be investigated.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
University of California

3.0058, CLIMATE CHANGE OVER THE POLAR OCEAN
S. ORVIG, Mcgill University, Graduate School, Montreal -
Quebec, Canada

Orvig proposes to continue studies of climatic effects result-
ing from heat transfer process in the Arctic. The objective is to at-
tain numerical values for all the terms in the heat balance equa-
tion for the surface and the atmosphere over the Polar Ocean.
This work will supplement the U.S. work by making available to
the large numerical projects, hand computed input values of areal
values of conditions, radiative energy fluxes, cloud conditions,
etc.

SUPPORTED BY U.S. National Science Foundation

3.0059, ATMOSPHERIC PROCESSES IN THE TROPICS
W.M. GRAY, Colorado State University, School of Engineering,
Fort Collins, Colorado 80521 ‘

The objective of this research is to study the tropical at-
mosphere through a continuation of observational studies of at-
mospheric processes using data collected from satellites, aircraft,
surface ships and conventional synoptic observations.

The objective is to be achieved by studying three primary
physical processes. They are: (1) the mutual variation of wind,
shear and barcclinicity in tropical storms and disturbances; (2) a
statistical treatment of the Ekman or frictional turning of the wind
in the sub- cloud layer within the tropics; and (3) the association,
movement and conservatism of the satellite-observed ‘cloud blob*
areas in and surrounding the Inter-Tropical Convergence Zone
for a better understanding of the dynamics of this system.

The proposed work is part of a continuing mutual research
effort with Professor Yanai of the Department of Geophysics at
the University of Tokyo. All of this work is related directly to the
Tropical Meteorological Experiment (TROMEX) to be carried
out in the early 1970’s and to the Global Atmospheric Research
Project (GARP) to be carried out in the mid or late 1970,

SUPPORTED BY U.S. National Science Foundation

3.0060, WEATHER PROGRAM - STATION T-3
V. ROCKNEY, US. Dept. of Commerce, Weather Bureau,
Washington, District of Columbia

Standard Weather Bureau methods are utilized to provide a
program of surface and upper-air weather observations on Drift
Station T-3, an ice island research station in the Arctic Ocean
Basin. Surface observations are made on a minimum of 6-hour
basis and Rawinsade probes of the upper atmosphere are made
two times daily. .
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Routine standard weather observations contribute to a cli-
ruatology of the Arctic and will provide bacground for ali future
Navy operations in Arctic seas. Daily observations and forecasts
are necessary for air support of the drifting station itself as well as
international aviation. Upper air data are of special importance to
investigations of the Arctic Ocean energy balance which is stu-
died on a continuing basis on T-3. It is especiclly important that
the polar atmospheric circulation be known in detail and that its
relation to world weather and ice distribution and behavior be
better understood.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0061, TROPICAIL ANALYSIS AND FORECASTING
L.W. VANDERMAN, U.S. Dept. of Commerce, Nati.
Meteorological Ctr. , Washington, District of Columbia 20233

Objective - Tropical numerical analysis and forecast pro-
grams are being developed for an integrated operational analysis
and forecast program as a part of NMC'’s support to the World
Meteorological Center (Washington).

Approach - Tropical analyses for five pressure levels are
being computed twice per day and primitive equation barotropic
forecasts to 36 hours for two pressure levels are being computed
once per day on an experimental-operational basis. Efforts at
meshing a tropical belt forecast with a high latitude forecast have
continued. A two-layer primitive equation baroclinic forecast
model for the tropical belt has been developed and run. Con-
siderable effort has been given the development of a global
forecast grid and equations. This grid includes the tropics as a
sub-set of the grid points.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

3.0062, MESO AND CONVECTIVE SCALE SYSTEMS IN
THE MARITIME TROPICAL ATMOSPHERE

M. GARSTANG, Florida State University, Graduate School, Tal-
lahassee, Florida 32306

The primary objective of this research is to conduct studies
which will lead ultimately to the construction of a model of con-
vective scale systems in Maritime tropical atmospheres. This
model will be developed both theoretically and by extensive ob-
servations in the field.

The approach will be based on a computer model of the
heated island, determining the characteristics of the velocity field
over a heated island, and extensive field experiment to test the
model and hypothesis.

Work accomplished under the grant has been the near
completion of a numerical (computer) model of the heated island
and the development of instrumentation necessary to gain the
above objectives.

SUPPORTED BY U.S. Dept. of Commerce - £.S.S.A.

3.0063, LINE ISLANDS EXPERIMENT
C.S. RAMAGE, Univ. of Hawaii, Hawaii Inst. of Geophysics,
Honolulu, Hawaii 96822

The objective of this work is twofold: (1) to collect and
process observations made during the Line Island Experiment for
use by ali participants in the experiment and any other interested
parties and (2) to investigate synoptic and sub-synoptic weather
processes and climatology in thie region of the Line Islands during
the operation of the ATS-B satellite.

To accomplish the first objective all routine weather observa-
tions made over the Pacific (130 degrees E-80 degrees W and 40
degrees S) during the Line Island Experiment will be collected,
processed, plotted, analyzed and listed in a publication put out by
the University of Hawaii.

The second objective will be accomplished by independent
irvestigations under the following topics: LaGrangian dynaniics,
ocean- atmospheric momentum exchange, climatology of the

Line Islands, Line Islands weather in the contect of the total trop-
ics, and atmospheric tides.

SUPPORTED BY U.S. National Science Foundation

3.0064, MESOSCALE WIND SYSTEMS AROUND THE
GREAT LAKES
E.W. HEWSON, Univ. of Michigan, School of Engineering, Ann
Arbor. Michigan

The research to be undertaken is concerned with the struc-
ture and dynamics of lake and land breeze systems around Lake
Michigan. The field program will conduct measurements during
May and June near the eastern shore of Lake Michigan between
Holland and Muskegon. The field measurements are several pilot
balloon observations of winds aloft to be taken along a line ex-
tending eastward from the shore, and at distances of 0, §, 10, and
15 miles from it, Pilot ballocns will also be taken from a vessel
over the lake. Lapse rate measurements of temperature and
moisture will be obtained over land and lake using an instru-
mented manned aircraft.

The above measurements will be used for comparison with a
theoretical model of a lake-land breeze system. Numerical analy-
sis using a digital computer will be employed to achieve the
required solutions.

The results will be of substantial value in the analysis and
control of interstate air pollution problems.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.H.S.

3.0665, GREAT LAKES RESEARCH - LAKE PRECIPITA-
TION
J.A. DERECKI, U.S. Army, Lake Survey, Detroit, Michigan
48226

Purpose is to determine the precipitation over the large water
areas of the Great Lakes and to derive methods to calculatc the
overwater precipitation from the overland records.

In cooperation with U. S. Weather Bureau, the lake
precipitation is being recorded on selected small islands. In Lake
Michigan precipitation recording started October 1963 on South
Manitou, North Manitou, South Fox, Beaver and lle aux Gallets
Islands. In Lake Erie precipitation recorders were placed on West
Sister and East Sister islands during May 1964, Field program will
continue through October 1968. Hourly precipitation data are
available in tables and on punch cards.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0066, EQUATORIAL CIRCULATIONS IN THE STRATO-
SPHERE

A.D. BELMONT, Control Data Corporation, Minneapolis, Min-
nesota (AT(11-1))

The object of this study is to help understand the nature of
the field of motion in the tropical stratosphere. The results will be
applicable to problems of atmospheric transport in this region.

As a continuation of earlier studies, selected aspects of the
tropical stratospheric wind flow patterns from January 1961 -
December 1964 as functions of height, latitude and longitude, will
be described. Emphasis will be placed on estimating cross-equa-
torial flow both on a planetary scale and on the local scale at
selected stations. As the winds at these base levels in tropical
latitudes do not follow nos -i.:: seasenal or monthly patterns, but
are mainly dependent on :#x. .¢regular quasi-biennial oscillation,
multi-year mean monthly or seasonal statistics are of no sig-
nificance, and all data must be presented for individual months
and years. Studies c. the diurnal variation of the meridional wind
and its effect on computations of cross-equatorial transport will
also be made.

SUPPORTED BY U.S. Atomic Energy Commission

3.0067, THREE-DIMENSIONAL GLOBAL CLIMATOLO-
GY
H.L. CRUTCHER, U.S. Dept. of Commerce, Natl. Weather
Records Ctr. , Asheville, North Carolina

To determine: 1) the static structure of the atmosphere from
the surface to as great height as is feasible; 2) the dynamic struc-
ture of the atmosphere by spectral analysis which is expected to
provide preferred modes of motion in the atmosphere in the three
dimensions, latitude, longitude, and altitude; and 3) the various
time scales indicated to be important by the spectral analysis.
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To study geophysical data generally with respect to accuracy
and representativeness and with a view to practical applications
of these disciplines singly or in combinations.

SUPPORTED BY U.S - pt. of Commerce - E3.S.A.

3D. SEA ICE-GLACIOLOGY

3.0068, CARBON MONOXIDE CONTENT C¥ GLACIAL
ICE AND THE NATURAL ATMOSPHERE

R.C. ROBRINS, Stanford Research Institute, Menlo Park, Califor-
nia

Carbon monoxide is one of the gases found in trace amounts
in the earth’s atmosphere. A very approximate esiimate of the
background concentration of carbon monoxide, based on infor-
mation available to date, is 0.2 ppm or less. The total global emis-
sions in automobile exhaust and other combustion processes is so
large that carbon monoxide lifetime in the atmosphere cannot be
more than a few years. The object of this research is to study the
travel, distribution, and fate of atmospheric carbon monoxide by
deternining concentrations in remote areas having no combustion
sources. Carbon monoxide concentrations in the Atlantic and
Pacific, and in the northern and southern hemispheres will be
measured. Examination of the concentration data will provide a
much more comprehersive estimate of carbon monoxide lifetime
in the atmosphere as well as improved ideas regarding the prin-
cipal sink or sinks.

The assistance of Military Sea Transport Service will be
requested to carry our CO analyzer with a technician on Atlantic
and Pacific Ocean crossings. Also, we plant to make airborne
measurements of CO concentration from an aircraft to an altitude
of 25,000 feet in the vicinity of the California coast to obtain ver-
tical carbon monoxide conentration profiles.

SUPPORTED BY U.S. Dept. of Hith. Ed. & Wel. - P.H.S.

3.0069, MEASUREMENT OF COMMON LEAD IN THE
EARTHS HYDROSPHERE

C.C. PATTERSON, Calif. Inst. of Technology, Graduate School,
Pasadena, California 91109

The purpose of this investigation is to determine the change
as a function of time in the concentration of lead in snow from
polar regions. In order to understand the significance of the ob-
served lead concentrations, it is necessary to determine the con-
centration of some other elements as well, such as chloride,
sulphate, sodium, potassium, silicon, vanadium, calcium, mag-
nesium and aluminum. It is hoped that we can detect lead
originating from industrial sources, and those other elements can
be used as indices for lead originating from both industrial and
non-industrial sources. Sodium and potassium can be used as an
index for the contribution from sea salts, for example, while
chlorine can be used to estimate contributions from volcanic con-
taminations. Silica and aluminum can be used to estimate con-
tributions from soil dusts. Sulphate, when combined with sulphur
isotopic analyses, can be used to estimate the possible extent of
industrial contributions.

During 1965 summer field season, a large number of snow
samples were collected from Greenland. The analyses of these
samples for lead and the other elements listed above will involve
approximately 880 determinations using the following
techniques; isotope dilution, flame spectrophotometry, atomic
emission spectography, colorimetry and nephelometry. The
amount of work involved here is extensive and it is expected that
these investigations will extend through 1967.

SUPPORTED BY US.S. Dept. of Hith. Ed. & Wel. - P.H.S.

3.0070, ARCTIC UNDERSEAS RESEARCH, PHYSICAL

AND CHEMICAL PROPERTIES OF SEA ICE
W.K. LYON, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To determine environmental factors affecting un-
dersea uses of the ocean in Arctic areas. To determine the physi-
cal and chemical properties of sea ice. To model sea ice growth
and break-up in the Laboratory Arctic Research Pool.

3. METEOROLCGY

Approach: A large pool, completely insulated, has ice
weather-makers above the water. The pool has been modified by
installation of monel piping to reduce ferric ion. The capability of
the pool to grow laboratory sea ice equivalent in chemical and
physical structure to sea ice is being evzluated. Programmed in-
gutts of weather cycles are approximated from actual Arctic con-

itions.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0073, ARCTIC UNDERSEAS RESEARCH, JOINT USA-
CANADIAN HEAT BUDGET STUDY
W.K. LYON, U.S. Navy, Undersea Warfare Center, San Diego,
California 92140

Objective: To determine environmental factors affecting un-
dersea uses of the ocean in Arctic areas; determine and test
theory of heat exchange adjusted to climatological observations.

Approach: Fundamental to ocean-cryological processes, is
an understanding of energy transfer between the atmosphere, sea
ice and sea beneath. Very large capacity, high speed data logging
systems and many new, precise sensors are reguired and have
been designed to permit direct processing of field data by com-
puter. Precise measurements are made of temperature, wind
speed and direction, turbulence, heat flow, water vapor, water
transport, radiation, etc. The system includes cabling, buoys,
towers, generators. After check-out of circuitry and calibration,
as a joint USA-Canadian research project, the two barges and
shore equipment will be installed in Jesse Harbor on Banks Island
of the Canadian Arctic Archipelago. Installation is planned for
FY 1969 if preliminary buoy installations last out the winter.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0072, ELECTRICAL PROPERTIES (F ICE
E.R. POUNDER, Mcgill University, Graduate School, Montreal -
Quebec, Canada

Systematic investigations are to be extended to include the
electrical parameters of saline ice with salinity typical of natural
sea ice at selected audio frequencies in the temperature ranges
minus 20 degrees C to minus 100 degrees € to look for the effect
of the phase changes in the composition of sea ice. Thesc arc ex-
pected to have significant results only at relatively low audio
frequencies. To carry out similar measurements at a single tem-
perature (minus 20 degrees C) over the frequency range 40 to
3000 HW.

This task will contribute to the ice reconnaissance operations
employing radar and other electromagnctic techniques, as well as
a greater understanding of propagation phenomena associated
with radio communications, under, through and over sca ice.

SUPPORTED BY US. Dept. of Defense - Navy

3.0073, HF AUDIO ABSORPTION IN ICE
E.R. POUNDER, Mcgill University, Graduate School, Montreal -
Quebec, Canada (NONR)

An experimental study of high frequency audio adsorption in
ice to investigate systematically the acoustic attenuation of sca ice
as a function of frequency and salinity; to make reverberation
measurements on sea ice at selected frequencies (100, 200, 500,
1000 KC); to measure reflection cocfficients of sound waves in-
cident from the water on the ice-water interface at sclected
frequencies and for a wide range of angles of isicidence.

SUPFORTED BY U.S. Dept. of Defense - Navy

3.0074, ARCTIC SUB-ICE STUDY
R.C. FAYLOR, Arctic Inst of North America, Washington, Dis-
trict of Columbia

The contractor will provide coordination, liaison and focal
point for the conduct of a multidiscipline, miltiagency program of
under-ice acoustic, marine biological and sea ice investigations
from the deep submersible vehicle PISCES. A series of dives
throughout the Arctic Archipelage and Arctic Ocean under ice
will bc made to investigate marinc biology, marine mammal
acoustics, sub-ice acoustic regime and sub-ice oceanography.
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Investigations supported by this task provide the Navy with
new information cn sub-ice underwater sound.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0075, SATELLITE SEA ICE STUDIES USING HRIR
E.P. MCCLAIN, U.S, Dept. of Commerce, Environ. Sci. Serv. Ad-
min. , Washington, District of Columbia 20233

OBJECTIVE: To determine tie usefulness of HRIR data in
the 3.5- 4.1 micron water vapor ‘windows‘ region f~- Arctic sea
ice surveillance,

PROBLEM ADDRESSED BY STUDY: Knowledge of polar
ice distribution and characteristic is essential for understanding
large-scale, long- range climatic changes in the atmosphere. In ad-
dition, flight operations, shipping interests, exploratory petrole-
um-drilling efforts, and eventually manned space activities, all
requirc knowledge of sea ice conditions in polar regions, particu-
larly as these conditions affect, or are affected by, weather condi-
tions. Very little definite krowledge of sea ice conditions in the
polar regions is now available, and the task of acquiring such
knowledge is enormolus if attempted by surface or near-surface
observation.

This study is aimed at determining the extent to which satel-
lite HRIR data may be zpplied to determine sea ice characteristics
in the Arctic Ocean and environs.

APPROACH: Nimbus I and Il HRIR pictorial and digital data
will be compiled and examined to determine the amount and
quality of sea ice information which can be extracted. ice covered
areas will be identified and differentiated from clouds primarily
through recognition of terrestrial featurcs. Ice boundaries and
open water areas will be delineated. The frequency with which
useful IR observations can be obtained will be estimated. A com-
parison of data obtained from both satellites will be made to
determine whether the higher resolution (because of the lower al-
titude) of Nimbus I results in a significant improvement in the
capability of the system for ice surveillance.

PROGRESS: Several studies have been made of the uses of
Nimbus NRIR data for observing terrestrial features. Popham and
Samuelson found that the HRIR could detect considerable detail
over the polar regions, with cracks in the pack ice of the Weddell
Sea being readily apparent. However, no detailel studies of HRIR
observations over ice areas have been conducted.

BENEFITS: This study will determine the feasibility of using
satellite IR observations for ice and weather surveillance in the
Arctic regions.

SUPPORTED BY U.S. Natl, Aero. & Space Adm.

3.0076, ICEBERG DRIFT AND DETERIORATION
M.J. MOYNIHAN, U.S. Dept. of Transportation, Oceanographic
Unit, Washington, District of Columbia

The U. S. Coast Guard is continuing to improve the capabili-
ty and cffectiveness of its International Ice Patrol Mission. Daia
on iceberg drift and deterioration has been routinely collected by
the Ice Patrol now more than fifty years. Since 1964, special ob-
servations of icebergs by drogue and current meter measurements
and by photo mapping techniques have been conducted in order
to develop an iceberg model to support the iceberg drift predic-
tion mission of the Ice Patro! Service. These measurements will be
correlated with hydrographic data coliected at the same time.

The special data collection phase of this project has been ter-
minated and a complete report will be published by the U. S.
Coast Guard in the Oceanographic Report Series (CG-373).

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

3.0077, 'WEST GREENLAND GLACIER SURVEY
M.J. MOYNIHAN, U S. Dept. of Transportation, Oceanographic
Unit, Washington, District of Columbia

In July 1968, the U.S. Coast Guard conducted a comprenen-
sive oceanographic and geological expedition to twelve tidewater
glaciers of West Greenland, The purpose of these expeditions was
to study the source of the iceberg menace to the North Atlantic
Shipping Lanes. This was the first study in this area by the Inter-
national Ice Patrol since 194C and it constitutes the first phase of
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a three year project to study the productivity patterns of these
glaciers, which are estimated to discharge annually 5400 icebergs.

The objectives of this series of annual expeditions are: (a) To
determine the present umber of icebergs calved from the major
West Greenland iceberg producing glaciers, (b) To survey the
glacier fronts and compare these data with earlier records to
ascertain the advance, or recession, of the glacier termini. (¢) To
study the environmentzl conditions affecting the discharge and
drift seaward of icebergs from the parent glacier.

Observations include an inventory of iceberg size, type, dis-
tribution, and movement. Glacier fronts were charted and bench
marks established wherever possible to aid future surveys.
Oceanographic observations are made at selected sites within the
fjords and in the offshore waters. Photography of fjord bottoins,
and significant niarine life with an underwater camera and of
major glacier fronts from camera equipped Coast Guard aircraft
are planned.

The scientific results of this expedition with contributions
from invited scientists will be published by the U.S. Coast Guard
in the Oceanographic Report (Series CG-373).

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

3.0078, PREDICTION OF POLAR ICE BEHAVIOR AND
DISTRIBUTION

w.l. WITTMANN, U.S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

Objective: Expand and improve sea ice data collecticn, pre-
diction, and dissemination services. Special emphasis is on predic-
tion of underice ridges and dynamics of water features and thin
ice features, As a corollary cbjective, these studies improve esti-
mates of the global mass budget of ice and consequently global
weather prediction.

Approach: Continue collection of ice information on an Arc-
tic Ocean wide basis for a bank of statistical data concerning dis-
tributions, Jizes, and frequencies of water openings, ice ridges,
stages of ice development and other variables affecting opera-
tions. Implement a program involving coincident observation and
measurement, over a wide ice covered region (i e. 10,000 nm2),
of ice-water stresses, air-ice stresses, ice motions and deforma-
tions. This program will use airborne remote sensor support.

SUPPORTED BY U.S Dept. of Defense - Navy

3.0079, ARCTIC AND COLD WEATHER SUPPORTING
TECHNOLOGY
M.M. KLEIMERMAN, U.S. Navy, Ordnance Laboratory, Silver
Spring - White Oak, Maryland

Approach: This effort comprises a series of studies and field
experiments conducted in-house; by U. 8. and Canadian activi-
ties, and by industrial activities. There is no underice range in ex-
istence at the present time. Naval Ordnance Laboratory, Naval
Underwater Research and Engineering Station, and Canadian
DRIA are engaging in a cooperative effort for establishment of
such a range in Nova Scotia, Can :da. Stevens Institute is conduct-
ing mode" tank studies of hottom pressure fluctuations under an
ice cover. Acoustics of the ice-water interface ar¢ being in-
vestigated by McGill. Seismic acoustic transmission through ice is
being developed by General Motors.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0080, ARCTIC SUPPORT
AM. KLEIMERMAN, U.S. Navy, Ordnance Laboratory, Silver
Spring - White Qak, Maryland

Approach: This task area, with the Naval Ordnance Labora-
tory, White Oak, Maryland Laboratory, consists of several basic
studies of the effect of high latitude environment on systems and
the ways and mcans of coping with difficulties imposerl by sea ice
and/or cold weather. These studies consist of analytic ap-
proaches, laboratory experiments, and field measurements. In-
cluded arc ice impact and penetration dynamics and remotc
sensing of ice thickness,

SUPPORTED BY U.S. Dept. of Defense - Navy
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3.0081, GREAT LAKES RESEARCH - RIVER ICE JAMS
S.J. BOLSENGA, U.S. Army, Lake Survey, Detroit, Michigan
48226

The causes of ice jams in rivers and methods of possible
elimination of destructive jams or reduction of their power are
being studied.

In the first step of the study pertinent manuscripts from all
arcas of the world have been collected, examined, and sum-
marized. Foreign language manuscripts account for a significant
portion of the items and were translated as required. Report
acquisition 'was through standard library sources, translation
agencies, aiii by direct contact with investigators in the field.

The final resuits of the survey will be a narrative summary
and selected bibliography prepared from the reports. Completion
will be in June 1968.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0082, GREAT LAKES RESEARCH - ICE CHARAC-
TERISTICS
EW. MARSHALL, U.S. Army, Lake Survey, Detroit, Michigan
48226

The investigation seeks to determine the physical charac-
teristics of ice cover in the Great Lakes by field measurements
and laboratory analysis of samples from representative localities.

Fieid investigations are conducted during the 1965-66 and
66-67 wirters in the Whitefish Bay area of Lake Superior. Among
the factors investigated were: ice thickness, structure, crystal size
and orientation, floe characteristics, pressure ridge configuration
and ice foot formation. Aerial photomapping provided control for
selection of ice samples and a permanent recerd for additional in-
vestigations. Micrometeorological measurements were taken at
Whitefish Point during the 1966-67 season with particular
emphasis on global radiation in four spectrai bands. Petrographic
studies of the ice samples collected in the field are conducted in
the cold laboratory.

During the 1967-68 winter season studies will be continued
in Whitefish Bay and extended to other areas on and near Lake
Superior.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0083, GREAT LAKES RESEARCH - ICE COVER DIS-
TRIBUTION

EW. MARSHALL, U.S. Army, Lake Survey, Detroit, Michigan
48226

This investigation seeks to determine the changes that take
place in the areal distribution, structure, and imagery of the Great
Lakes ice cover throughout the winter.

Currently three methods and levels are employed: low level
visual reconnaissance, up io 8,000 feet, medium altitude aerial
photography, 23,000 feet, and high level satellite imagery, 400 to
800 nautical miles.

The visual aerial reconnaissance program provides the extent
and relative concentration of ice. These observations are coor-
dinated with those of the Canadian Ddepartment of Transportation
which covers the Canadian portions of the Great Lakes. These
observations provide a general synoptic view of ice conditions at
10-15 day intervals.

Aerial photomapping of the ice cover at the scale of 1:46,000
is carried out over eleven areas critical to Great Lakes shipping.
Weather satellite imagery is monitored to aid in determining ice
distribution and program planning.

SUPPORTED BY U.S. Dept. of Defense - Army

3.0084, GREAT LAXES RESEARCH - GREAT LAKES DE-
ICING
EW. MARSHALL, U.S. Army, Lake Survey, Detroit, }*ichigan
48226

This investigation will prepare three reports (1) Annotated
bibliography based on the world’s literature on the natural condi-
tions of the formation and decay of freshwater ice on lakes, har-
bors, rivers and locks as well as scientific and engineering infor-
mation on techniques used to aid the delay of ice formation and to
accelerate the ice in both fresh and marine environnsents. (2) A
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summary of the pertinent papers identified in the above and (3) A
summary of iaformation developed by the in-house projects of the
Research Centcr on Great Lakes ice characteristics and areal dis-
tribution.

SUPPORTED BY U.S. Dept, of Defense - Army

3.0085, PHASE PELATIONS OF THE HYDRATED CAR-
BONATES OF CALCIUM AND MAGNESIUM
D.L. GRAF, Univ. of Minnesota, Graduate School, Minneapolis,
Minnesota 55455

The project is conczrned with determining the equilibrium
phase relations and crystal structures of the carbonates of calcium
and magnesium. A knowledge of these phase relations will help
one to understand the effect of surface reactions and solution
structure upon the kinetics of nucleation, growth, and solution of
both hydrated and anhydrous Ca and Mg carbonates in aqueous
solutions. The broad understanding of interactions between car-
bonate solids and water afforded by the total program would be
particularly relevant to the formation of dolomite and to the
physical properties of sea ice.

SUPPORTED BY U.S. National Science Foundation

3.0086, SPECIALIZED RESEARCH EQUIPMENT FOR
SEA ICE STUDIES
K.O. BENNINGTON, Univ. of Washington, Graduate School,
Seattle, Washington 98122

The proposed research by the University of Washington will
allow for the purchase of specialized equipment for a study of dif-
ferential pressure and internal stresses that develop in sea ice as it
freezes during the polar winter. The data that may be gained from
this research is basically an understanding of the driving forces
that are instrumental in the escape of brine from sea ice. A cor-
relation will be attempted between temperature waves, the
resulted pressure waves, and associated compositional changes
during the formation and aging of sea ice. Such a correlation has
not previously been made. This research project by the University
of Washington was begun during the winter of 1966-67, and the
equipment that is proposed to be acquired would allow the expan-
sion in both data obtained and in the sophistication of the
reszarch. The study of sea ice is an interdisciplinary field between
oceanography, glaciclogy, meterology, and physics that is essen-
tially restrictly to the polar areas. It is expected that the results of
this research will contribute to an understanding of one of the
major surface features of both the Antarctic and the Arctic re-
gions.

SUPPORTED BY U.S. National Science Foundation

3.0087, SEA ICE MCYEMENT DYNAMICS
N. UATERSTEINER, Univ. of Washington, Graduate School,
Seattle, Washington 98122

Evaluation of an existing mathematical model of sea ice
movement with special emphasis on the term in the equation of
miotion representing the eddy viscosity of ice, and an elaboration
of a plan to obtain empirical data necessary for a basic improve-
ment of the model.

This project will aid in developing knowledge of the environ-
mental factors that affect the polar ice fields and that is necessary
for ice and topographic charting; ice predictions and allizd pur-
poses. The application of the model in forecasting ice concentra-
tion and movement skowing open leads and pressure ridges will
assist in routing of ships.

SUPPORTED BY U.S. Dept. of Defense - Navy

3.0088, ARCTIC AIR, SEA AND ICE
N. UNTERSTEINER, Univ. of Washington, Graduate School,
Seattle, Washington 98122

Coordinated micrometeorological investigations on shore at
Barrow, Alaska, and on drifting stations establish qualitative and
quantitative relationships of climate to the physical and biological
phenomena it controls. Variables investigated are thermal,
moisture and wind gradients, net radiation exchange and carbon
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dioxide of the atmosphere. Atmosphere and oceancgraphic fac-
tors are studied in their inter- relationships with the annual energy
budget of ice, rate of ice furmation and distribution information
and drift and crystallographic structure.

This task contributes to knowledge of world-wide climatic
circulation and specially to climatic patterns in the Arctic. Signifi-
cant knowledge accrues on the zarth’s energy balance and the
relationship of energy flux at water and atmospheric interfaces of
ice to the growth, behavior and wastage of sea ice. Knowledge of
total Arctic environments provide criteria for all Navy Arctic
operations either by air, surface or water-ice approaches; safety
and comfort of personnel; design of equipment; and for establish-

ment of rational procedures. The interrelated studies furnish data
essential for improved weather and ice forecasting.

SUPPORTED BY U.S. Dept. of Defense - Navy
3E. WEATHER MODIFICATION

3.0089, ION CLOUDS IN THE UPPER ATMOSPHERE
J.W. COOPER, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Washington, District of Columbia

Chemical seeding of the upper atmosphere with materials
which form ion clouds has important military applications. The
project zim is, as part of a cooperative effort involving scientists
from a number of other installations, both in government and in-
dustry, (a) to investigate the feasibility of various proposals which
have or are being made for chemical seeding and (b) to divide
what areas of research and development are most likely to effec-
tively improve the efficicncy of chemical seeding processes. Both
of tl‘;ese goals must be approached with specific applications in
mind.

Work on this project consicts mainly of maintaining a close
contact with researchers who are actively engaged in chemical
seeding technology or in closely related fields as well as those
workers who intend to use such releases for specific applications.
Detailed work consists in trying to determine what mechanisms

are responsible for ionization in previously performed or
proposed chemical releases.

SUPPORTED BY U.S. Depnt. of Commerce - N.B.S.

3.0090, PROJECT FOG DROPS
W.C. KOCMOND, Cornell Aercnautical Lab. Inc. , Buffalo, New
York 14221

The purpose of Projert Fog Drops is to investigate natural
warm fog properties and dynamics and to suggest and evaluate
concepts for modification of warm fogs. The principal accom-
plishments to date are summarized below.

A generalized fog classification system has been evolved.
Structural models have been established for the micro-and
macroscopic properties of advection and radiation fogs and for
sea fog. A fog climatology has been established for the Continen-
tal United States.

Measurements made with the thermal diffusion chamber in-
dicate that the maximum supersaturation achieved in urban fog is
substantially less than 0.1 percent and that sources of atmospher-
ic pollution are not the major contributors to the fog nucleus con-
centration.

Theoretical and experimental investigations have shown that
the growth rat 2 of droplets can be dec.cased by treatment of the
droplets with <_itain surface active monolayers. Ionic surfactants
were shown to inhibit rather than promote coalescence.

We have demonstrated in the laboratory that it is impractical
to attempt to modify fog by placing electrical charge on the fog
droplets. A procedure is currently being tested in the field for sup-
pressing dense natural fog. Experiments in a 600 cubic meter
cloud chamber have demonstrated that visibility in warm fog can

be improved by a factor of up to 10 by seeding with hygroscepic
nuclei of carefully controlled sizes.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.
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4A. DATA NETWORKS

4.6001, SATELLITE COMMUNICATION TESTS

*R.F. DEVEREUX, General Dynamics Corporation, San Diego,

California (NONR)

The purpose of this task is to evaluate the use of synchronous
satellite communication for telemetering oceanographic and
meteorological data from moored oceanographic buoys, and to
compare the method with the high frequency radio telemetry
system now in use aboard the ONR monster buoys. To accom-
plish this a VHF system will be installed as an additional commu-
nication link aboard an existing monster buoy which will be
anchored in the middle of the North Pacific in the summer of
1968. The data collected by the oceanographic and meteorologi-
cal sensors will be stored in the buoy and transmitted, on com-

mand, from shore, by both VHF and HF radio links. Interrogation
will be made from San Diego, California.

The capability of the Navy to make reliable predictions of the
ocean environment for operations will depend in large part on
synoptic ocean-wide networks of data collecting buoys. This task

will provide experimental data important to the communication
links necessary to such systems.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0002, OCEAN SYSTEM TELEMETRY STUDY
R.F. DEVEREUX, General Dynamics Corporation, San Diego,
California (NONR)

A comparative engineering and economic analysis will be
made of the use of moored surface buoy/radio links and ocean
floor cabled systems for telemetering at remote locations both
near and far from land masses. Applicable modulation, coding,
data compaction transmission frequencies, subsurface cable

characteristics, mooring techniques, reliability and costs are in-
cluded in the study.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0003, NATIONAL DATA PROGRAM FOR. THE MARINE
ENVIRONMENT
J. SINGLETON, System Development Corporation, Santa
Monica, California

This is a comprehensive ocean data management study in-
tended to identify, formulate, and evaluate problems of informa-
tion and data management associated with a national program for
the development of thz potential of the marine environment. The
study should provide overali delineation of a preferred National
Marine Data Program, including policy and operational arrange-
ments, and specific pricrity steps for implementation.

Phase 1 of the task, completed in November 1967, was a 5-
month projezt definition phase to determine the scope anl struc-
ture of marine environmental data activities in the Federal and
State governments, industry and universities. The 14-inonth
Phase I will evaluate marine data and means for handling it; and

design plans for a National Data Program for the Marine Environ-
ment.

SUPPORTED BY Natl. Council on Marine Res. & Engin.
Dev.

U.S. Natl. Aero. & Space Adm.
U.S. National Science Foundation
U.S. Atomic Energy Commission
U.S. Dept. of Defense - Army
U.S. Dept. of Treasury
U.S. Dept. of Defense - Navy
U.S. Dept. of Interior
U.S. Dept. of Commerce
U.S. Dept. of Hith. Ed. & Wel.
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4.0004, STANDARD MONITORING SECTIONS (ATLAN-
TIC AND PACIFIC OCEAN)

R.E. LENCZYK, U.S. Dept. of Transportation, Oceanographic
Unit, Washington, District of Columbia

The oceanographic program on the Standard Monitoring
Sections consists of the occupation (monthly and/or seasonal) of
a line of oceanographic stations which are normal to a major cur-
rent system. These sections, 7 in the Atlantic and 6 in the Pacific,
were selected to include the most dynamic areas possible con-
sistent with the normal tracks of the Ocean Station Vessels. The
sections in the North Atlantic will provide considerable informa-
tion about the Labrador and North Atlantic current systems. The
North Pacific sections will provide information about the Ku-
roshio, North Pacific and California currents.

Serial observations are made of temperature and salinity to a
depth of 1500 meters or to near bottom when the water depth is
less than 1500 meters at each station and stations are taken at in-
tervals that vary from 10 to 60 miles. Observations of temperature
and salinity from each Nansen cast station are transmitted by
radio teletype to the U. S. Coast Guard Oceanographic Unit for
real-time processing, quality control and dissemination to users.
During FY 69, the In Situ Salinity/ Temperature/Depth electronic
measuring system (STD) is being introduced aboard the Atlantic
and Pacific Ocean Station Vessels. This instrument will produce a
continuous record of salinity and temperature versus depth and
will be calibrated with simultaneous Nansen bottle data.

Data from these cruises are available at the National Oceano-
graphic Data Center approximately two months following the
cruise. These data with analyses will be published by the U. S.
Coast Guard in the Oceanographic Report Series (CG-373).

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

4.0005, TIME-SERIES OBSERVATIONS OF TEMPERA-
TURE AND SALINITY (NORTH ATLANTIC AND NORTH
PACIFIC OCEAN STATIONS)

R.E. LENCZYK, U.S. Dept. of Transportation, Oceanographic
Unit, Washington, District of Columbia

The oceanographic program on the Ocean Stations consists
of time- series observations of temperature and salinity. Nansen
casts are made daily to 1500 meters in depth and once during the
three week patrol to near bottom, weather and other operations
permitting. Dbservations are made at 14 standard levels, the
levels dependent upon historical data at each station. The tem-
perature data is transmitted by radio teletype to the U. S. Coast
Guard Oceanographic Unit for real- time processing, quality con-
trol, and dissemination to users. Salinities are determined at sea
by the use of inductive salinometers. Salinity data are also trans-
mitted by radio to the U. S. Coast Guard Oceanographic Unit for
quality control. Occasionally, other observations are made by the
OSVs, upon request, including biological sampling, collection of
samples for chemical analyses, bathymetry, wave height measure-
ments and others.

During FY-69, the use of an electronic measuring system was
initiated on the Atlantic Gcean Stations. This instrument, the In
Situ Salinity/Temperature/De th Measuring System (STD),
produced a continuous record of temperature and salinity versus
depth. Observations are made to 1500 meters in depth four times
daily. The STD observations are calibrated by simultaneous Nan-
sen bottle observations. By the end of FY-69, it is expected that
75% of the Ocean Station Patrols in the Atlantic will be made
using the STD system. Also tlie Pacific OSVs will be phasing in
the STD instrument by this time.

Data from these cruises are available at the National Oceano-
graphic Data Center approximately two months following the
cruise. These data with analyses will be published by the U. S.
Coast Guard in the Oceanographic Report Series (CG-373).

SUPPOKTED BY U.S. Dept. of Transportation - Coast Guard

4.0006, COAST GUARDS COASTAL OCEANOGRAPHIC
MONITORNG NETWORK
M. LIGHT, U.S. Dept. of Transportation, Occanographic Unit,
Washington, District of Columnbia

The Coast Guard presently maintains seven off-shore light
stations and one large navigational sca buoy as replucements for
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lightships along the East Coast. Eventually all of the remaining 13
lightships will also be replaced by fixed aids-to-navigation. These
fixed off- shore stations proved unique facilities for the continu-
ous monitoring of the ocean environment. During the past 12
years the lightships and the fixed light stations have been used to
monitor water temperatures and salinities with relatively unso-
phisticated instruments,

A prototype automatic oceanographic sensing and recording
system was installed in December 1966 aboard the Buzzards Bay
Light Station off Cuttyhunk Is., Mass. This system consists of four
oceanographic sensor modules that precisely define in digital
form five ocean parameters, and telemeters them through an in-
ductive link to on-deck programming and data storage unit.
Parameters measured include temperature, salinity, current
speed, current direction, and depth.

In February 1967, a prototype occanographic meteorological
monitorying system was installed aboard the SCOTLAND Large
Navigational Sea Buoy off Sandy Hook. The oceanographic trans-
ducer package is located approximately 5 feet below the water
surface and measures the same parameters as the Buzzards Bay
system. Its meteorological system measures air temperature, wind
speed, wind direction, and barometric pressure. Digitized data arc
telemetered over the remote control and monitoring system for
the on-board navigational equipment. The data are recorded au-
tomatically at Coast Guard Station, Sandy Hook on an incremen-
tal tape recorder. Typewritten printouts for real-time monitoring
of data are also obtained on command.

The U. of Rhode Island Institute of Ocean Technology has a
contract to provide for high order processing, analysis, and in-
terpretation of data from both systems.

Data tapes produced by the Coastal Ocear:: jraphic Monitor-
ing Network will be lodged with National Oceasnographic Data
Center. Monthly data reports will also be made available to the
oceanographic community when these systems bccome opera-
tional.

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

4.0007, ENVIRONMENTAL MEASURING EQUIPMENT
R.P. COOK, U.S. Navy, Air Systems Command, Washington, Dis-
trict of Columbia

Objective: Develop environrental measuring cquipment
which will operate over extended periods and under adverse con-
ditions to provide meteorological and occanographic data over
the now data-sparse polar and ocean areas. Tvis equipment is
designed to provide enough additional data to markedly enhance
the techniques which are used to accurately predict those criticai
environmental factors which affect Naval operations.

Approach: Reduce the environment into arbitrary functional
areas, such as: (1) Surface data for island and polar stations; (2)
limited surface and subsurface data for marine stations; (3) full-
range surfacc and subsurface data for marine stations, and (4)
limited upper-air data for 2 and 3 above. Establish a best basic
platform or mix of platforms for each functional arca. Acquire,
equip and test the platforms; and refine the various subsystems as
necessary to show finite overall progress. Establish the best ar-
rangement of marine platforms into a geographical array with the
goal of achieving and operational nctwork capable of acquiring
and disseminating all of the environmental data affecting naval
gpe&ations. —afort ;* coordinated with the USCG National Buoy

tudy.

SUPPORTED BY U.S. Dept. of Detfense - Navy

4.0008, DEVELOPMENT EXPERIMENTAL SYSTEM FOR
AIR SEA INTERACTIONS
M. GARSTANG, Florida State University, Graduate School, 7al-
lahassee, Florida 32306

Over a planied three-ycar period, Florida State University,
with major support from SAIL, is developing a buoy vystem for
measurement of meteorological and oceanographic parameters.
With ESSA ship and SAIL staff support, field investigations will
be made over extended time periods in the vicinity of Barbados.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.




4. SURVEY AND PREDICTION

4.0009, ANALYSIS AND INTERPRETATION OF SATEL-
LITE RADIATION DATA

UNKNOWN, U.S. Natl. Aero. & Space Adm. , Goudard Space.
Flgt. Ctr. , Greenbelt, Maryland

Technical Objective: To investigate the physical processes of
the Earth-atmosphere system which affect the outgoing radiance
over the parts of the spectrum sensed by the TIROS, Nimbus, and
ATS radiation experiments, leading to methods of interpreting
the data to consolidate the results of the experiments with
theoretical concepts of atmospheric processes.

Approach: Analytical methods to determine the transfer of
infrared and visible radiation in the atmosphere, through clouds,
and at the Earth’s surface are developed and applied to radiation
measurements from meteorological satellites. These measure-
ments are then interpreted in terms of the composition of the at-
mosphere, the global heat balance, and the general atmospheric
circulation. In accomplishing these studies approximately five Na-
tional Academy of Sciences - National Research Council Post-
doctoral Resident JResearch Associates are supported along with
the in-house civil service scientific staff, totalling some ten
scientists. Because of the nature of this Work Unit, involving a
concentration of activity largely having to do with multiple
analyses of vast quarniities of satellite data and the subsequent
documentation of results, about 90% of the funds are required for
computer programming, data handling, graphic services, visual
arts, photographic, and publication support.

Progress: As of 26 January 1968, more than 7,000 individual
orbits of radiation and spin-scan camera data have been acquired
from satellites TIROS 11, 111, 1V, and VII; Nimbus I and 1I; and
ATS I and I11. Many in-house studies of both a theoretical and em-
pirical nature have been carried out to demonstrate the capability
and potential of the measurements. Several of these studies have
been reported, or brought nearly to completion during this re-
porting period.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0010, WEIR, TRAP AND SEINE FISHERY
A.E. PETERSON, State Div. of Marine Fisheries, Boston, Mas-
sachusetts

Objective: To obtain landing statistics, including location and
gear, from weirs, fish traps, and seines.

Procedure: Weir and trap fishermen are required to submit
monthly catch reports to the Director of the Division of Marine
Fisheries. Catch reports would be required from seine operators
landing their catch in Massachusetts. Interview sampling will be

used to validate these reports.
Part 3 of 6.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Massachusetts State Government

4.0011, ANADROMOUS FISHERY
A.E. PETERSON, State Div. of Marine Fisheries, Boston, Mas-
sachusetts

Qbjective: To obtain accurate commercial landing statistics
from the alewife fishways of the Commonwealth.

Procedure: All companies or individuals in'olved in com-
mercial fishing for alewives in fishways of the Commonwealtkh will
be required to submit weekly landing reports. It will be necessary
to obtain a list of those individuals or companies involved in this
fishery from the towns of the Commonwealth, since the leasing
rights are vested in them. Interview sampling will be used to
validify the catch reports.

Part 4 of 6.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Massachusetts State Government

4.0012, SHELLFISHERIES

A.E. PETERSON, State Div, of Marine Fisheries, Boston, Mas-
sachusetts

Objective: To obtain accurate commercial landing statistics,
including location, catch, effort, and gear of the shellfisheries of
the Commonwealth.
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Procedure: Commericzl shellfishermen are required to have
a ‘bed certificate' issued by the Director of Marine Fisheries in
order to sell shellfish., As a requirement for obtaining a ‘bed cer-
tificate‘, the fisherman will be required to submit a monthly catch
report, stating species, amounts, location, and gear. Town shellf-
ish officers will also be asked to submit monthly reports on
landings for their towns. Stimulations for such reports from the
officers can be made under the Division of Marine Fisheries’
shellfish assistance program. A random sample, utilizing inter-

views, will be used to verify fisherman catch reports.
Part 5 of 6.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Massachusetts State Government

4.0013, OCEANOGRAPHIC DATA SYSTEMS
R.F. HILL, Univ. of Rhode Island, School of Engineering, King-
ston, Rhode Island 02881

The development of techniques for the optimum design of

total synoptic data systems on the basis of specific missions and
under the constraint of cost.

SUPPORTED BY Raytheon Company

4.0014, DESIGN OF SAMPLING PLAN AND PROCURE-
MENT OF CHARTER VESSEL
E.B. JOSEPH, Virginia Inst. of Marine Sci. , Gloucester Point, Vir-
ginia 23062

The objective is to design a plan for exploratory bottom
trawling on the Continental Shelf between Cape May, N. J. and
Cape Hatteras, N. C. and to charter a vessel capable of executing
the plan. Trawl stations will be spaced so as to sample representa-
tive bottom types and depths and to indicate the kinds, numbers,
and distributional patterns of the fishes available to bottom
trawls, with emphasis on those of potential industrial importance.
Information obtained by interviewing trawlermen familiar with
the area and by observing catches of trawlers fishing in the area
will contribute to the plan. The plan will be designed to facilitate

statistical analysis and machine processing of the data. Work will
be accomplished in November and December, 1965.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Virginia State Government

4.0015, USES OF STATISTICAL INFERENCE AND EX-
PERIMENTAL DESIGN FOR EFFICIENT COLLECTION OF
OCEAN DATA

J.C. KELLEY, Univ. of Washington, Graduate School, Seattle,
Washington 98122 (IMONR)

Objective: In order to monitor and predict the environment,
operational and research activities supported by the Navy must
place measurement devices within and collect samples from the
ocean. This research will provide the plan or design for a sampling
program which meets, for minimal cost, the scientific and
technological requirements stated as objectives by investigators
directing Navy-sponsored ocean research.

Approach: This task makes extensive use of shore-based and
shipboard digital computing equipment at the University of
Washington. Under investigation are techniques to make availa-
ble in easily understood graphical representations the state of
available information at each statc of a cruise. More efficient
methods of data storage and retrieval are being developed. Using
available field data and completed analyses of the data, estimates
will be made of sampling error associated with a single data point.
The results of the studies, together with state-of-the-art pro-
gramming and statistical techniques, will be used to provide op-
timum sampling plans and costs for specific field experiments.
The type of data to which this approach can be applied ranges

from the mineral analyses of bottom samples to surface water
temperatures.

SUPPORTED BY U.S. Dept. of Defense - Navy




48. DATA PROCESSING AND ANALYSIS

4.0016, SYSTEM DESIGN STUDY FOR THE U.S. NAVAL
OCEANOGRAPHIC OFFICE INTELLIGENCE DATA HAN-
DLING SY3TEM

J.D. LITTLE, Planning Research Corporation, Los Angeles,
California

PRC conducted a system analysis and design study for an au-
tomated data handling system for the U.S. Naval Oceanographic
Office (NAVOCEANO) Mapping, Charting, and Geodetic Divi-
sions. Current operations and future NAVOCEANO require-
ments were investigated in the areas of nautical and aeronautical
charts and publications, and the handling and utilization of
geodetic, gravimetric, magnetic, and hydrographic data.

The purpose of the study was to design a system which op-
timized the automation in handling both the source and reference
information and materials used in graphic preparation. Data col-
lection and reduction were performed, followed by the formula-
tion of an operational concept and a time-phased system develop-
ment plan. Interface requirements with all NAVOCEANO data
interchange organizations were studied in order to maximize
compatibility in information transfer and file formatting.

SUPPORTED BY U.S. Dept. of Defense - Air Force

4.0017, DATA COLLECTION
H. KLEIN, Univ. of California, Scripps Inst. of Oceanograpby,
San Diego - La Jolla, California 92038 (NONR)

This effort provides technicians trained to take observatio::s
independently, maintaining equipment, making measurements
ashore of samples taken at sea, processing data, and producing
data reports and charts. Procurement, calibration, and main-
tenance of much used instruments are carried on. Data processing
is carried to the point of distribution as tables, charts, and dia-
grams adapted to the needs of different users.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0018, EVALUATION AND STATISTICAL ANALYSIS OF
ALL DATA
T.P. RITCHIE, State Comm. on Shell Fisheries, Dover, Delaware
19901

The data obtained from the first three phases of this project
will be evaluated by a qualified statistician. The new data that is
obtained will be compared with the data available from Moore’s
survey in 1910. The net loss or gain in natural seed bed area will
be documented and mapped. The uncharted hard bottom areas
will be mapped in order to permanently establish the areas where
futurg reh4abif12tation projects should be conducted.

art 4 of 4.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Delaware State Government

4.0019, BIOMETRY
E. LUKACS, Catholic University of America, Graduate School,
Washington, District of Columbia 20017 (NONR)

This task is concerned with the application of statistical
methods to biological problems. The investigator and his staff
consult with biologists in areas of mutual interest and provide ad-
vice and assistance on the design of experiments and the in-
terpretation of mathematical results. Current emphasis is on new
methods of statistical analysis of direction of movements and {ime
periods involved in biological orientation. An atterapt to develop
new methods of multiple comparisons is being made where a sat1.-
ple range is used instead of ordered observations. This is espe-
cially useful in taxonomy and population variation.

This task is part of the program of oceanic biology and serves
as a valuable analytic tool. It also serves in the translation of
biological observations to mecharical and electronic equipment
which the Navy requires for knowledge of such biological capa-
bilities as homirg, navigation, and avoidance and accurate in-
tegration of environmentai clues.

SUPPORTED BY WU.S. Dept. of Defense - Navy
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4. SURVEY AND PREDICTION

4.0020, AUTOMATIC PATA PROCESSING - SEABIRD
DISTRIBUTION
G.E. WATSON, Smithsonian Institution, Washington, District of
Columbia 20560

Numerical codes for computer analysis have been de ised for
at- sea bird observations made during the Pacific Ocean Biologi-
cal Survey Program so t that they may be computer analyzed. The
International Seabird Committee has requested the Smithsonian
Institution World Data Center and the Woods Hole Oceano-
graphic Center to coordinate the storage and analysis of similar
records on a world-wide basis. The first phase of this study will
deal with adapting the POBSP codes for international use, devis-
ing a suitable nomenclature and code for seabirds of the world
and establishing a uniform format for recording data. Later
phases will deal with analyzing records.

SUPPORTED BY Smithsonian Institution

4.0021, FOSDIC APPLICATION TO CURRENT-METER
RECCRDS ‘
M.L. CREENOUGH, U.S. Dept. of Commerce, Nail. Bureau of
Standards, Washington, District of Columbia

The output films of certain commercially-made underwater
recorders should be reducible by Government-owned scanners
such as FOSDIC. It is the goal of this project to program the
MOBIDIC - FOSDIC VI combination to scan these films, and to
make the necessary modifications to its film-handling mechanism.
It is expected that the use of this equipment will greatly reduce
the cost of handling these records. As a programmable film
reader, FOSDIC VI should be able to sense the multi-track lines
so as to determine the direction of water flow. Velocity indication
Sll:o';'lld be derived from counting the number of dots in groups on
the nlins.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0022, ANALYSIS AND DISPLAY OF HYDROGRAPHIC
DATA

R.L. WHEATLEY, U.S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

Objective: Develop automatic cartographic compilation and
reproduction techniques and equipment to reduce, by a factor of
2, the time required for base plant compilation and reproduction
of charts in support of amphibious, port, and search/retrieve
operation, as well as for general navigation purposes. Production
of a chart presently requires six to nine months. This development
will reduce the required lead time to three or four months for
production of a chart. Coordinated development of components
is scheduled through FY 73 to provide a logical sequential up-
grading of functions. This effort is directed toward solving
problems within the scope of mapping, charting, and geodetic
functions as defined in the report, Effective Use of the Sea, June
1966, published by the panel on occanography of the President’s
Science Advisory Committee.

Approach: In-house and contractual evaluation and studies
of cartographic digital library functions, and of selected auto-
matic digital compression and manipulation techniques and con-
cepts for image and graphic data processing will be made. Hard-
ware development will be directed toward automatic digitization
of cartographic data and color separation functions and chart cor-
rection techniques. This will be followed by development of
prototype automated correlation and mensuration techniques and
equipment and a rapid graphic imaging and dissemination system.
Evaluation of ?rototype components will provide the basis for
development of an operational system.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0023, OCEANOGRAPHIC INFORMATION
PROCESSING TECHNOLOGY
W.E. YERGEN, U.S. Navy, Oceanographic Office, Washington,
District of Celumbia

OBJECTIVE: Develop a ‘Live Atlas' consisting of highly
compacted oceanographic data which are retrievable in real-time
from a master file through use of computers and which allow man
interaction through use of CRT displays.




4. SURVEY AND PREDICTION

APPROACH: Compress voluminous National Oceano-
graphic Data Center data files and unifying them into a master file
using common geographical and chronological sorting parame-
ters. Data are to be stored in binary format. The file will have an
open end capability to allow addition of new data.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0024, ANALYZE AND PUBLISH BASIC DATA FROM
PILOT STUDY
G.R. SECKEL, US. Dept. of Interior, Burcau of ™ -
ries, Honolulu, Hawaii 96812

Heat, salt, and momentum ‘budgets‘ are t the
study to determine the mechanisms which change the di. ... aiion
of properties and water masses in the trade wind zone, Using pilot
study data analytical studies are undertaken to develop the neces-
sary water ‘budet’ techniques, The feasibility of the investigation
will be demonstrated in publications of the analytical studies.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

m. Fishe-

4.0025, DIGITAL RECORDING AND PROCESSING OF IN
SITU DEPTH-TEMPERATURE-SALINITY DATA
V. GRAEFE, Univ, of Hawaii, Hawaii Inst. of Geophysics,
Honolulu, Hawaii 96822

A commeicially manufactured depth-temperature-salinity
recorder {DTS) is being used by the Department of Oceanog-
raphy. It presents the measured data in the form of a graph of
temperature and salinity versus depth. Digitizing equipment has
been developed which transforms the telemetry signals produced
by the DTS system into digital values of the three variables and
records these on a teletypewriter. Simultaneously the values are
punched on paper tape for later computer processing and they are
also transmitted via a radio-teletypewriter link to the HIG for im-
mediate processing. The data are then checked on an IBM 1401
computer for errors which might have been introduced by slipring
noise or malfunction of the teleprinters. To some extent these er-
rors are corrected automatically, while other errors have to be
corrected by hand, The data are then smoothed, freed from syste-
matic errors, and punched on cards in a standardized forniat on
an IBM 360/50 computer. These cards contain one value each for
temperature and salinity for every two meters of depth; the values
are believed to be correct to plus or minus 0.002 degrees C (tem-
perature) and 0.03% (salinity). Other programs have been writ-
ten which use these cards to compute--among others--density,
dynamic height, and sound velocity values--and which present
;lcrived as well as observed quantities in graphic and numerical
orm.

The two-meter data cards are made available to the NODC.

SUPPORTED BY University of Hawaii

4.0026, PHYSICAL AND CHEMICAL ATLAS
K. WYRTKI, Univ. of Hawaii, Graduate School, Honolulu, Hawaii
96822

This grant is for continued preparation of the physical and
chemical oceanographic atlas resulting from the International In-
dian Ocean Expedition. The atlas will be in two parts: Part I will
contain the distribution of physical and chemical properties at
selected levels and along specific sections of the ocean, Part Il will
consist of an analysis of all data submitted to World Data Center
A, including property distribution, core layer analysis, oxygen,
minima and maxima, phosphates, bottom temperature, depth of
the mixed layer and intensity of thermocline.

SUPPORTED BY U.S. National Science Foundation

4.0027, RESEARCH IN MARINE GEOLOGY
A.F. RICHARDS, Univ. of lllinois, Graduate School, Urbana, Ii-
linois

The primary objective of this research is to complete the data

reduction, interpretation, and publication of results obtained on
the 1966 cruise of thc OCEANOGRAPHER {OPR-470).

To analyze and prepare for publication the seismic profiles,
magnetics and gravity data.
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The vathymetry, magnetics, gravity, and reflection seismic
profiles have been compiled in the form of charts and profiles.

SUPPORTED BY U.S. Dept. of Commerce - E,S.S.A.

4.0028, ANALYTICAL OCEANOGRAPHY
R.B. MONTGOMERY, Johns Hopkins University, Graduate
School, Baltimore, Maryland 21218 (NONR)

The purpose of this work is to develop improved procedures
for the analysis and presentation of serial oceanographic data and
also to utilize these procedures in the analysis of existing data to
attain better descriptions of oceanic structure. Sets of oceano-
gr:  ic staticus fr. .1 the .» oceans are being summarized .nd
grapiiic presented; temporal variations of temperature, salinity
and oxygen from 1500 to 4000 meters as observed at Weather
Station PAPA are being analyzed; and studies of the Gulr Stream
and Mindanao Current are being made.

The proper analysis of oceanographic data and synthesis of a
clear picture of oceanic .tructure is essential for a clear un-
derstanding of the environment. The results from this task con-
tribute both to better description and understanding of the ocean
environment and the development of technizjues that are useful to
survey programs.

SUPPORTED BY U.S, Dept. of Defense - Navy

4.0029, DISSEMINATION OF COMMERCIAL FISHERIES
STATISTICS
A.E. PETERSON, State Div. of Marine Fisheries, Boston, Mas-
sachusetts

Objectives: To disseminate statistics in monthly bulletins in
cooperation with the Bureau of Commercial Fisheries.

Procedures: The catch statistics will be compiled under the
phases listed above. After evaluation and application of various
descriptive statistics, the data will be submitted to the Bureau of
Commercial Fisheries, to be published in cooperation with the
monthly ‘Massachusetts Landings‘ bulletin.

Location: Boston, Massachusetts, and throughout the Com-
monwealth as required.

Part 6 of 6.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Massachusetts State Government

4.0030, GRAVITY AND MAGNETIC DATA COLLECTED
DURING THE INTERNATIONAL INDIAN OCEAN EXFEDI-
TION AND IN THE CARIBBEAN SEA
C.0. BOWIN, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543

A vast amount of geophysical data has been collected during
the several cruises of the R/V CHAIN and R/V ATLANTIS Il into
the Indian Ocean. The purpose of this study is to analyze and in-
terpret the gravity and magnetic data obtained on the geophysical
cruises to the Indian Ocean, Red Sea, Mediterrancan Sea, Atlan-
tic Ocean and the regions around Hispaniola. The research will be
conducted primarily by mecans of using new programming
methods on digital computer equipment. Important steps in the
analysis of the information are reduction of the raw data,
reprocessing, testing, and plotting maps and profiles. The com-
parisca of calculated gravity anomalics from mode! crustal struc-
ture profiles with observed values will also be undertaken as it has
great promisc as a means of exploring the oceanic crust.

SUPPORTED BY U.S. National Science Foundation

4.0031, WOODS HOLE SHIFBOARD DATA PROCESSING
E.E. HAYS, Woods Hole Occanographic Inst. , Woods Hole, Mas-
sachusetts 02543 (NONR)

Objective: To carry out real time oceanographic data
processing, computation, and plotting required for repo * g
occanic phenomena.

Approach: Continue the development of a computer system
abouard CHAIN centered about the Hewlett-Packard 2116A
digital computer to produce a real time system for acquisiiion,
rcduction, recording, and display for navigation, gravity, and
magnetic information.
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SUPPORTED BY U.S. Dept. of Defense - Navy

4.0032, ACQUISITION, REDUCTION AND INTERPRETA-
TION OF MARINE MAGNETIC DATA

J.R. HEIRTZLER, Columbia University, Graduate Schocl, New
York, New York 10027

The purpose of this research project is to continue the
acquistion, reduction and interpretation of marine magnetic data
from one ship over a two-year period. Digital computer
processing and plotting methods, operational since August 1964,
now make it possible to keep pace with data acquisition.

It is important that area studies be continued. Large
provinces with linear magnetic patterns have been found off the
east and west coasts of North America. Long linear magnetic
anomalies have been associated with the Atlantic mid-oceanic
ridge system, As the density

interpretation in other areas such as the East Pacific-Antarc-
tic pacific mid-oceanic ridge system, the Argentine shelf and the
West African shif, becomes feasible.

SUPPORTED BY U.S. National Science Foundation

4.0033, ACQUISITION AND INTERPRETATION OF
OCEANIC GRAVITY DATA

J.L. WORZEL, Columbia University, Graduate School, New
York, New York 10027

The present analog cross coupling computer used to apply
corrections to gravity values will be improved and studies of ron-
linearity of the gravity meter i - the presence of large vertical ship
accelerations will be carried out. An analog will be built and
analog equipment to correct for slow response of gravity meter
will be constructed. Also, under this grant, existing computer
techniélues for rapid data processing will be extended and im-
proved.

Studies will be made of the crustal structure of Mid-Ocean
Ridges, Deep Sea Trenches, Continental Margins, Seamounts,
etc. The basic technique will involve combining gravity data with
available magnetic and seismic information.

SUPPORTED BY U.S. National Science Foundation

4.0034, INDIAN OCEAN DATA REDUCTION
EWING, Columbia University, Graduate School, Palisades, New
York 10964

The major objective of this study is to analyze in detail the
data collected during the International Ocean Expedition. The
Lamont Geological Observatory has gathered data in the Indian
Ocean on the R/Y VEMA and the R/V CONRAD during the field
operations of the Expedition and the data recovered from these
cruises have been worked up in a preliminary manner aboard the
ship to assure that the data is of good quality. Upon returning to
the laboratory, these data must be further reduced as the prelimi-
nary operations do not cover all the possible corrections and in-
formation. It is planned, insofar as possible, to analyze these data
in conjunction with each other and not to attempt to analyze them
as completely separate studies. The work will include studies on
bathymetry, geophysics, geochemistry, sedimentology, physical
oceanography, bottom photographs and biology.

The reading, plotting and profiling of soundings obtained by
R/V VEMA, R/V CONRAD and R/V ANTON BRUUN of
several detailed areas where data are particularly concentrated
will be completed. The preparation of diagrams, profiles, maps,
tables, etc., showing the distribution of the geological, geophysi-
cal and topographic characteristics of the Indian Ocean will be
prepared for a monograph to accompany the physiographic dia-
gram of the Indian Ocean. An emphasis will be placed on evalua-
tion of the geophysical data, (gravity, seismic, magnetic and heat
flow measurements) in conjunction with the bathymetry for the
purpose of elucidating the structure of the Indian Ocean basin.

SUPPORTED BY U.S. National Science Foundation

g’l‘m':;’ib N OCEAN BOTTOM EMPLACED GEOPHYSICAL
A

M. EWING, Columbia University, Graduate School, Palisades,
New York 10964

4. SURVEY AND PREDICTION

The principal it:vestigators have been engaged in the design,
development, and installation of an ocean bottom geophysical
station since 1963. The present observatory was placed on the
ocean floor approximately 200 km west of $an Francisco at a
depth of 3.9 km in May 1966 and has operated with a high degree
of reliability since that time.

The primary elements of the ocean bottom instrument are: 1)
a three-component set of pendulums with 15-sec natural periods;
2) a three-component set of pendulums wih natural periods of 1
sec; 3) two hydrophones; 4) a vibrotron pressure transducer; 5) a
water tewmiperature senser; 6) a current magnitude sensor; and 7)
a current direction sensor.

Data are transmitted by cable to the recording station at
Point Arena, California. The demodulated signal is recorded on
magnetic tape, strip chart recorders, and photographic drum
recorders at the Point Arena station. A three-corponent set of
short-period seismometers and a wave recorder are presently i
operation at the Point Arena recording station,

The experiment has thus far returned 18 months of data from
the ocean bottom at a total cost of 1.2 million dollars. While this
expense may seem large, it must be weighed against the large
number of important contributions which have been made in a
variety of fields,

This proposal is for: 1) the operation and maintenance of the
recording station at Point Arena, California, and 2) support of a
data analysis program.

SUPPORTED BY U.S. National Science Foundation

4.0036, A SHIPBOARD DIGITAL DATA ACQUISITION
SYSTEM
R.A. BRODING, Seismograph Service Corp. , Tulsa, Oklahoma
Summary: A digital system was developed for shipboard
acquisition of exploration data that makes use of a small, high-
speed computer for formatting, compositing and system control.
A 4,096-16 bit core and a 6 million bit disc are used for storage.
Dual tape decks provide for continuous operation as well as aux-
iliary operations, such as tape- to-tape transfer, editing and off-
line computing. Typically, 24 chanziels of seismic data are quan-
tized at 1, 2, 4 or 8 millisecond sample rates. Computer input is
via multiplexer, magnetic tape, paper tape or teletype keyboard.
Output is on standard 1/2' magnetic tape 800 bpi 9 channel,
paper tape or teletype print-out. A control panel for the system
permits digit switch entry of certain operational parameters such
as listen time, dead time and number of composites. Software in-
cludes programis for acquisition routines in a continuous mode or
externally triggered from the ship’s clock. Each data record con-
tains a header that includes all the operational parameters. Moni-
toring of the system is by storage oscilloscope, 25-channel oscillo-
graph and section plotter. Twenty-four 13-bit DACs provide for
monitoring the system either before or after recording. An on-line
magnetic tape correlator provides the signal from any one
seismiometer station to the plotter. Thus, a continuous set of diag-
nostics provide for checking selected station. A complete set of
diagnostics provide for checking all of the major elements in the
system as well as the programs.

SUPPORTED BY Seismograph Service Corporation

4.0037, SURVEY, EVALUATION & SUMMARIZATION
OF LITERATURE ON ENVIRONMENTAL REQUIREMENTS
OF MARINE ORGANISMS LEVELS OF POTENTIAL TOXI-
CANTS (ABBREV
CM. TARZWELL, U.S. Dept. of Interior, Natl. Marine Water
Qual. Lab. , Wakefield - Kingston, Rhode Island 0288 1

It is proposed that each of the sections and the units within
the section will deal with those parts of the literature which are
pertinent to their work. All papers will be abstracted, a summary
given as to the significance of the paper, and key words developed
so that the paper and the abstract can be fitted into a data
retrieval system. It is planned to do this for current literature, and
to contract work on past literature in order to build up a library
for use at the National Marine Water Quality Laboratory and el-
sewhere in the research program for the development of water
quality criteria.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl
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4. SURVEY AND PREDICTION

4.0038, MARINE DIGITAL GRAVITY PROFILING

SYSTEM

J.K. PAWLEY, Teledyne Incorporated, Houston, Texas 77036
Specify and implement 2 coordinated digital hardware-soft-

ware system for gravity profiling at sea. The critical requirement

of resolution of ship velocity to 0.1 knot is to be met by continu-

ous recording of radiolocation data plus statistical processing.

SUPPORTED BY Teledyne Exploration Company

40039, DIGITIZING SYSTEM FOR OCEANOGRAPHIC

DATA
J.S. CREAGER, Univ. of Washington, Graduate School, Seattle,
Washington 98122

Acquisition of a on-board graphical-to-digital data conver-
sion system is needed to convert graphically recorded data includ-
ing continuous seismic reflection profiles, in situ acoustic absorp-
tion records, precision depth recordings, and records for frequen-
cy spectral analysis of scattering layers. Also, even though a
graphical-to-digital data conversion facility will soon be available
on the University campus, the Department of Oceanography feels
that previously recorded analogue records are comparable to cur-
rently recorded records only if they are digitized on the same
device. Quality control is possible only with the specified equip-
ment.

SUPPORTED BY U.S. National Science Foundation

4C. ENVIRONMENTAL PREDICTION
(see Also Chapter 3, Meteorology)

4.0040, FIORD OCEANOGRAPHY
J.B. MATTHEWS, Univ. of Alaska, Inst. of Marine Sciences, Col-
lege, Alaska 99735 (NONR)

The objective of this task is the prediction of oceanographic
parametess of fiord type estuaries. This will be accomplished by
evaluating field data in conjunction with the hydrodynamic equa-
tions and from this information form a numerical model which
will predict the parameters, During the coming year a concen-
trated effort to sample those parameters necessary to establish a
simple numerical model will be undertaken in Endicott Arm
estuary. Measurement techniques will include moored current
meters, tide gauges, and shipboard <. .npling.

This work is of interest to the Navy because very little is
known about the oceanography of this region of the United
States. In addition, the fiords of Southeast Alaska are typical of
those throughout the world and our increased knowledge of the
oceanographic processes taking place there will have universal
application.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0041, NUMERICAL PREDICTION
P.M. WOLFF, U.S. Navy, Fleet Numerical Weather Facil. , Mon-
terey, California 93940

Objectives: The success of a military operation may well de-
pend on intelligent understanding of the natural environment
within which the operation takes place. The requirement exists
for the determination and display of the expected values of criti-
cal environmental variable both in time and space. This must be
accomplished for various projected (future) time periods. This
task supports exploratory development of techniques to provide
the navy with timely and accurate forecasts of weather, both
oceanographic and meteorological.

Approach: To cope with the enormity of the problem and
provide forecasts in a time frame to insure their maximum useful-
ness this task area is automating the complete forecasting cycle
which consists of data processing, data analysis, preparation of
forecasts, rapid dissemination and dissemination and display of
the final product. Automation is achieved through the use of com-
puters and high speed communications networks.

SUPPORTED BY U.S. Dept. of Defense - Navy
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4.0042, OBRJECTIVE WEATHER ANALYSIS
H.A. BEDIENT, U.S. Dept. of Commerce, Nati. Meteorological
Ctr. , Washington, District of Columbia 20233

Objective - The objectives are to develop improvements to
the analysis of data required for numerical weather prediction.

Approach - Work is being done to improve analysis on a
tropical strip from 48 degree N to 48 degree S around the earth.
Additional work will be done to incorporate heights in the tropi-
cal analysis as described by Bedient in NMC Office Note No. 21.
The technique of Office Note No. 21 is being developed and
tested for the NMC octagon grid. Tests are being made to incor-
porate the Offutt gradient wind system as an alternative to the
preceding method. Work is being done on improvement of the
250 mb analysis.

Progress - Some tests were being made with the solution of
the balance equation across the equator. The tests of Office Note
No. 21 in the tropics have been combined with the high latitude
analysis and will be done together. Complete coding was done on
a procedure for the octagon to carry out the proposal of Office
Note No. 21. One run was successfully made through the whole
procedure. Results were encouraging but accumulation of in-
tegration errors cause a new look to be taken at the procedure.
This is being reprogrammed and work will continue through the
rest of the year. The 250 mb analysis was put into operation dur-
ing the period; results seemed to be good. Further study is being
made to determine improvements. The gradient wind analysis
modification has been programmed and tests will be made on the
procedure during the next period.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A,

4.0043, LARGE-SCALE ATMOSPHERIC EVOLUTION
J. NAMIAS, U.S. Dept. of Commerce, Natl. Meteorological Ctr. ,
Washington, District of Columbia 20233

Objective - The objective is to apply physical principles
governing the evolution of the atmosphere and oceans to the pre-
diction of sea temperature, storminess, and weather changes for
periods of a month or longer.

Approach - The objectives are approached through study of
the energy balance of the atmosphere, land and oceans, and the
exchange of energy between them, in relation to such things as
anomalies in ocean temperature, snow, and ice cover. Acquired
knowledge is included in physical models for numerically predict-
ing the evolution of monthly- mean states of the atmosphere and
ocean. Access to electronic computers and close coordination
with other research in numerical weather prediction is essential
for progress.

Progress - In the year ending June 30, 1967, the study of the
northeastern United States drought was concluded. It led to a
more general study of seasonal precipitatior in this region related
to that in other states. New emphasis is on ocean-atmosphere in-
teractions over the Pacific Ocean. Tests and evaluations continue
on numerical models for predicting mean rainfall, and tempera-
ture in the atmosphere and ocean for a month in advance. Work
now centers on developing an improved model which can incor-
porate already-formulated better estimates of the mean water
budget of the atmosphere, horizontal heat transfer in atmosphere
and ocean, and reflectivity of the earth’s surface.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

4.0044, MAGNETIC AND GRAVITY PREDICTION
J.A. BRENNAN, U.S. Navy, Oceanographic Office, Washington,
District of Columbia

OBJECTIVES: Determine the affect of magnetic storms and
micropulsation activity on present and future magnetic sensors.
Tt[\is effort is directed toward reducing or eliminating this source
of noise.

APPROACH: A magnetic recording station will ve
established in order that very sensitive magnetic data can be
acquired. Noise will be catalogued as to frequency of occur-
rences, amplitude, and coherence with effects on fleet equipment.
The observed station data and fleet effects will be further corre-
lated with standard geomagnetic ‘K‘ and ‘A* indexes. An attempt
will be made to define magnetic activity in terms of a magnetic ac-
tivity index.




SUPPORTED BY U.S. Dept. of Defense - Navy

4.0045, WEATHER ANALYSIS AND FORECASTING
TECHNIQUES

A.F. PYLE, U.S. Navy, Air Systems Command, Washington, Dis-
trict of Columbia

Objective: To develop new or more efficient techniques for
analyzing and forecasting environmental factors; to establish the
influence of these environmental factors on naval operations and
to develop efficient systems for display and presentation of en-
vironmental data that will ensure optimum comprehension by the
user.

Approach: Development of new and improved prediction
techniques is largely based on new knowledge resulting from
vesearch in the atmospheric and oceanographic sciences. To
bridge the process from research to ¢xploratory development spe-
cially gualified personnel at the naval weather research facility
and a few select contractors are employed. Developed techniques
are tested and evaluated and if successful are either placed into
operational use or, if required, go into advanced development.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0046, GLOBAL OCEAN FLOOR ANALYSIS
E.D. SCHNEIDER, U.S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

OBJECTIVES: To improve Navy capability to describe, un-
derstand], predict and ultimately utilize geological and geophysi-
cal parameters of the ocean floor in support of NAVOCEANO’s
mission of providing pertinent and vital environmental informa-
tion for the operating forces.

APPROACH: Collect geophysical and sub-bottom acoustic
profiles; analyze them in reference to physical, particulate, and
chemical properties. Integrate these data into a physiographic and
structural charting program permitting predictive determination
of limits and areal extent of specific acoustic absorption and at-
tenuation characteristics. Correlate bottom current effects, mag-
netic and stratigraphic patterns, sediment properties, and physio-
graphic features with respect to more rapidly collectable
bathymetric data.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0047, INVENTORY OF THE GULF ESTUARY SYSTEM
N.G. VICK, U.S. Dept. of Interior, Bureau of Sport Fish. & Wife. ,
Panama City, Florida 32401

The objectives of this study unit are to procure and docu-
ment environmental and ecological data on the St. Andrew Bay
System, Panama City, Florida. These data will include (1) area
descriptions (2) hydrology of the bay system (3) sedimentology,
and (4) samples of the biological materials available seasonally
with emphasis on the sporting species of marine fishes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

4.0048, PREDICTION OF EXTREME ENVIRONMENTAL
FACTORS
N. B(418KE, Ocean Science & Engin. Inc. , Bethesda, Maryland
2001

Dimensional analyses of factors associated ‘with extreme
winds and extreme waves. Development of universal prediction
method for extreme wind or wave occurrances.

SUPPORTED BY Ocean Science & Engineering Incorporated

4.0049, ARCTIC RESEARCH
K.L. HUNKINS, Columbia University,
Palisades, New York 10964

The objective of this research program is to understand (1)
the topography, crustal structure, and sediment regime within the
Arctic Ocean basin, (2) the motions of Arctic ice and water, and
(3) the acoustic properties of the Arct.c Ocean. Measurements
are made on a year-round basis from Fletcher’s Ice Island, T-3, to
provide information on geographic position, depth, sub-bottom
reflections, bottom sediments, gravity and magnetic ficld
strengths, currents, and sound-scattering {ayers.

Graduate School,
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Operations within the Arctic Ocean require information on
bottom topography, ice and water motions, deflections of the ver-
tical, magnetic anomalies, and acoustic propagation and scatter-
# 1g layers in order to navigate more safely and perform effective-
ly. This program will provide pertinent information efficiently and
economically in an area where surface ships cannot operate.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0050, OCEANOGRAPHIC PROCESSES IN ESTUARINE
AND COASTAL WATERS
C.A. BARNES, Univ. of Washington, Graduate School, Seattle,
Washington 98122 (NONR)

Objective: In order to describe and predict the operating en-
vironmental conditions for its forces in estuarine and coast arcas
of the world, the Navy must have an understanding of the physical
processes influencing and controlling these environments. This
research effort is to produce a better understanding of the small
scale variations in the physical characteristics and circulation of
the waters in a variety of estuarines.

Approach: A field program is being conducted in the Puget
Sound region and its approaches and in the waters of the Pacific
Ocean bordering the State of Washington. A series of tempera-
ture, salinity, density, sound-velocity, oxygen and current velocity
measurements are being made to assess the role of thin lens water
parcels injected into Dabob Bay upon the properties and struc-
ture of the waters in that estuary. Analysis also will be made on
the vertical oscillations of the depth of the region of maximum
density gradient to determine the dependence upon tide height,
mean water level, barometric pressure and wind stress.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0051, DISTRIBUTIONS OF CURRENTS AND PHYSICAL
PROPERTIES WITHIN THE ARCTIC OCEAN

L.K. COACHMAN, Univ. of Washington, Graduate School, Seat-
tle, Washington 98122 (NONR)

Objective: A thorough knowledge of the Arctic Ocean and its
adjacent seas is of fundamental importance to naval operations in
the area. This research supports that objective. Among the
aspects of this work which are of particular significance to the
Navy are: (1) discovery and measurement of swift, time-depen-
dent currents in the operational region of submarines; (2) dis-
tribution of super cooled water which may affect navigation and
icing under surface ice; (3) the distribution of water which may
affect navigation and icing under surface ice; (4) monitoring
oceanographic literature (particularly Soviet) of the Arctic; (5)
measurement of surface currents in Bering- Chukchi Sea, Green-
land-Norwegian Sea and Baffin Bay, which are important to
navigation and ice distribution in thesc peripheral arcas; and (6)
studies of heat exchange across the air-sea surface which are im-
portant to arctic meteoroiogy and ice prediction.

Approach: The work is conducted by: literature monitoring;
laboratory work continuing the analyses of water masses; the
development of theoretical models; and field observations con-
ducted from the ice island T-3 and available vessels. In the central
arctic basin a program to study motions and water propertics will
continue from T-3. Utilizing ships of opportunity, in coopcration
with the U. S. Coast Guard, and current meters suspended from
buoys the flow through the Bering Strait will be measured as a
function of time. Programs are underway to investigate numeri-
cally (1) the wind-induced circulation in the Greenland and Ber-
igg ieas! and (2) the effects of bottom topography on currents in
the Arctic.

SUPPORTED BY U.S. Dept. of Defense - Navy
4D. MAPPING, CHARTING, AND GEODESY

4.0052, LOCATING ANDP MAPPING HARD BOTTOM
AREAS NEAR EXISTING NATURAL SEED OYSTER BEDS
T.P. RITCHIE, State Comm. on Shell Fisheries, Dover, Delaware
19901

The objective of this phase is to detcrmine the location and
acre extent of hard bottom arecas which could be used to create




4. SURVEY AND PREDICTION

new oyster seed beds. Preliminary swurveys indicate that high
salinities now prevail over rany of our formerly productive seed
oyster beds. Spat bags indicate that oysters will set and survive in
areas where oyster shells are totally lacking on the bottom. Our
objective is to determine the size and shape of hard bottom areas
that we may have to use in the future.

Some indication of bottom hardness can be obtained by use
of a fine-line depth recorder. Several oyster shell dredging com-
panies routinely use these instruments to determine the extent of
sub-surface oyster shell deposits. The actual bottom consistency
will be determined by grab samples and by use of a sounding pole.

Part 3 of 4.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish,
Delaware State Government

4.0053, PHOTOGRAPHIC IMAGE EVALUATION
D.R. LEHMBECK, U.S. Dept. of Commerce, Natl. Bureau of
Standards, Washington, District of Columbia

To study human evaluation and machine measurement of the
qualities of photographic images.

Objective measures of photographic noise and photographic
signals which will be vseful correlates of subjective impressions of
photographic quality are being explored, as are the interactions of
photographic film with optical systems. The automation of mea-
surements of acutance, granularity, and modulation transfer func-
tion and means of making such measurements more precise and
repeatable are being considered.

The microdensitometers are undergoing modification,
calibration, and repair. Output data is recordea in digital form on
magnetic tape for use on a computer programmed to analyze the
information. A program for acutance is in final form and needs to
be checked using data from know acutance standards. A granu-
larity program is being ‘debugged’. Programs for modulation
transfer function measurements and other forms of modern
Fourier analysis are being considered. Once these well known
measurements can be automatically made, it is planned to study
the validity of the measurements, to attempt to isolate variables
affecting interlaboratory comparisons, and to modify the methods
to improve correlation with subjective judgements of quality.
New image evaluation methcds can then be explored. We are in-
vestigating the factors which affect the measurement of
microdensity, particularly, the effects of numerical aperature of
measuring optics.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0054, TEKTITEI
H.E. CLIFTON, U.S Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

This project is investigating the efficacy of pursuing geologic
mapping of the sea floor and the study of geologic processes
operating there, utilizing an undersea habitat and saturation div-
ing techniques. A geologist, in company with several marine
biologists, will spend 60 days continually submerged, working
from a habitat at 60’ depth off the coast of the Virgin Istands. This
project is being carried out in cooperation with Bureau of Com-
mercial Fisheries, Navy Department, NASA, Bureau of Mines
and General Electric Corporation.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0055, BOTTOM TOPOGRAPHY AND SEDIMENTS--
MIDDLE ATLANTIC SHELF
F. STEARNS, U.S. Dept. of Interior, Bureau of Comm. Fisheries,
Washington, District of Columbia

Mapping of bottom topography and sediments of the Middle
Atlantic Continental Shelf region of eastern North America. The
principal source of data is the Coast and Geodetic Survey.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0056, WORLD WIDE MARINE MINERAL RESOURCES
F.H. WANG, \).S. Dept. of Interior, Geological Survey, Washing-
ton, District of Columbia 20242

To prepare maps at various scales of the world’s continental
margins and deep oceans and ultimately to accumulate and com-
puterize data on location and quality of marine mineral and re-
lated resources for evaluation of the world’s real and potential
mineral resources.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0057, OYSTER LEASE CONTROL MONUMENTS - BAY
ADAM, BASTIAN BAY AND SANDY POINT BAY AREAS
J.W. LAY, State Wildlife & Fish Comm. , New Orleans, Louisiana

Objectives: The overall objective is to establish control
monuments throughout the oyster growing areas of coastal Loui-
siana at 1/2 mile spacings on the land from which surveys of
waterbottoms for oyster leases could be coordinated as a specific
reference point. This work will be performed on a compartmental
basis, working in each particular area until the job is completed as
permitted by weather and tidal conditions. Each area will be
selected on the basis of the greatest need; however, proximity of
such areas will be carefully coordinated insofar as possible.

Procedure and Work Schedule - 1. Monuments are to be set
in place around the bays at approximately 1/2 mile spacings. 2. A
Traverse Line will then be run, beginning from a known location
of a U. S. C. G. Triangulation Station and joining all monuments
together, and then tied into another U.S.C.G.S. Triangulation Sta-
tion. 3. All oyster leases will then be tied into the designated base
line monument.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Louisiana State Government

4.0058, MARINE PHYSICAL GEODESY
W. VONARX, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543 (N00014-66-C0241)

The objectives of this program are to (a) continue develop-
ment of marine geodetic instrumentation, (b) define the geoid at
sea, (c) measure departures of the physical sea surface from the
geoid, and (d) interpret these departures in terms of the
meteorological, tidal and ocean current forces which cause them.
During this contract year VLF range rate information will be in-
tegrated into a satellite navigational receiver system. This is ex-
pected to improve geographic positioning accuracy to the as-
tronomical positioning accuracy of about 6 seconds of arc
presently available with GEON. Development of an improved
theodolite for use on GEON will continue. Astrogravimetric arcs
will be run in significant areas such as the Florida Straits as oppor-
tunities arise.

The accuracy of inertial navigation systems is limited by in-
sufficient knowledge about the earth’s gravity field and deflec-
tions of the vertical. In support of the Navy’s effort to remove this
limitation, this program is developing and evaluating new
techniques and instruments in the fields of navigation and marine
gravimetry; providing direct measurements of deflections of the
vertical at sea; and obtaining marine gravity data.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0059, OCEANOGRAPHY ATLAS OF THE NORTH
CAROLINA CONTINENTAL MARGIN
O.H. PILKEY, Duke University, Graduate School, Beaufort,
North Carolina 28516

OONO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY North Carolina State Government

4.0060, DEVELOPMENT OF A PHOTOGRAPHIC SUIT
FOR STEREOPHOTOGRAMMETRIC MAPPING BY SUM-
BERSIiBLE

G.F. BASS, Univ. of Pennsylvania, Graduate School, Philadelphia,
Pennsylvania 19104 (N00014-67-A-0216-0002)

The objective of this task is to develop, construct and evalu-
ate stercophotogrammetric equipment for underwater mapping
and to evaluate scanning sonar techmiques and transponder
navigation systems for underwater search. The evaluations will be




made during an underwater archeological expedition off the coast
of Turkey.

The present efforts of the Navy to use deep diving sub-
marines for search and rescue are hampered by our lack of ability
to navigate and map underwater. The results of this study should
improve our capability in this field.

SUPPORTED BY U.S, Dept. of Defense - Navy

4.6061, FEASIBILITY STUDY FOR SYNTHETIC APER-
TURE ARRAY ACOUSTIC BOTTOM MAPPING SYSTEM
G.M. WALSH, Unknown, Rhode Island

The application of the synthetic aperture array principle 10 a
high resolution, ocean bottom mapping system is shown to be
feasible for practical and useful system operating parameters. The
basic operating parameter relations for the synthetic array system
are derived. The requirements for vehicle and propagating medi-
um stability are defined. Experimental evidence, although not
directly applicable, indicates that medium stability is adequate for
practical system designs. Vehicle motion sensing can be
adequately performed by a combination of an inertial platform
and an acoustic doppler ‘clutterlock’ system. An important con-
sideration is the signal-to volume reverberation level, which limits
the maximum PRF. A system design is presented using a digital
signal processor, and including budgetary cost estimates. Possible
extensions to the basic system include narrow multiple beam
coverage under the ship track, shallow sub-bottom profiling, and
precision short term local navigation. The importance of other
data inputs to the interpretation of the geological features of the
imagery is discussed.

SUPPORTED BY Raytheon Company

4.0062, GALVESTON BAY STUDY
W.H. ESPEY, Tracor Incorporated, Austin, Texas 78721

TRACOR, Inc. is responsible for the development of com-
puter models and a d«ta storage and retrieval system for the Gal-
veston Bay Study. Computer models are being developed which
describe the hydrologic, chemical, and biological responses of the
estuarine system. The models will predict the water quality
characteristics at various points in the bay as defined by various
boundary and inpt*t conditions. The two- dimensional hydraulic
model will predict spatial and temporal distribution of tides,
velocities (magnitude and direction) and phasing between tides
and velocities in response to tidal action, wind stress, fresh water
flows, physiographic features, etc., by the numerical solution of
the Navier-Stokes and continuity equations.

The transport characteristics of the bay system are being in-
corporated into the water quality models to allow the temporal
and spatial variations of mixing and exchange of Gulf waters
throughout the bay system. The models will be sufficiently flexi-
ble to permit evaluation of water quality and assimilative capacity
under a variety of levels of waste treatment and methods of waste
treatment.

Results of the evaluation of various alternative waste treat-
ment systems will define the input to the optimizatic1 model. This
model will provide a quantitative framework from which to deter-
mine the most cost-effective system in terms of design, operation,
and various legal- institutional constraints to achieve optimum
use of the Bay resources.

SUPPORTED BY Texas State Government

4E. MODEL STUDIES

{General Construction and Application. Models of Specific Systems
Found Under that Subject.)

4.0063, SIMULATION MODEL FOR THE ANALYSIS OF
ADVANCED MARINE SHIPPING SYSTEMS
UNKNOW!!, Univ. of California, Graduate School, Berkeley,
California 94720
PURPOSE: To explore the applicability of modular ¢ranspor-
tation computer simulation, TRANSIM, for analyzing advanced
marine shipping systems.
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DESCRIPTION: The TRANSIM transportation system simu-
lator was developed by the University of California to fill the need
for a general purpose computer simulation method which is sim-
ple and economical to use in a wide variety of transportation
problems. The objective was to develop a method by which
problem formulation, model structuring, and setting up the simu-
lation could be accomplished by individuals who are not neces-
sarily familiar with programming and computers.

This research study will analyze a high speed shuttle ship
system and a detachable power plant sysiem. Results will deter-
mine: (1) the complexity of TRANSIM’s use with problem formu-
lation, model structuring, organization of data input, and in
general, setting up the computer simulation; (2) the flexibility and
type of computer output as to ease of analysis format, and alter-
ing; (3) the costs and manhours associated with the use of
TRANSIM; (4) the applicability for future, more complex simula-
tions.

SUPPORTED BY U.S. Dept. of Commerce - Maritime

Admin.
4.0064, COMPETITIVE MERCHAND SHIP (BULK)
TECHNICAL INNGVATIONS

UNKNOWN, Litton industries Incorporated, Culver City, Califor-
nia :
Purpose: To forecast the technical innovation climate for
bulk carriers in support of preparation of a plan for producing ad-
vanced dry bulk shipping systems.

Description: Technical ard economic analyses of innovations
which could be included in new bulk carriers to maximize returns
to the owners and to the Government will be carried out. The
research will provide a means of evaluating; different ship sizes
and types, advanced equipmeiat, methods of construction, innova-
tions in the design process, 4id the value of ship standardization.

An analytical model will be developed to evaluate technical
concepts. The results wi'l serve as 1mput to the development of a
Strategic Development Flan for preducing competitive bulk car-
riers. '

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

4.0065, MULTISPECIES FISHEZRIES MODELS
W. LENARZ, U.S. Dept. of Interior, Fishery Oceaiiography Ctr. ,
La Jolla, California

The pelagic fisheries of California are based on a multispe-
cies ecosystem. Because of the nature of the oceanographic cli-
mate, the ecosystem is unlikely to remain in a stable equilibrium,
even in the absence of a fishery. To assist our understanding of
the likely consequences of fishing effort and climatic change on
such an ecosystem, we must be able to interpret our findings in
terms of the theoretical multispecies fisheries models currently
being developed elsewhere and to construct a model (perhaps by
computer simulation studies) relevant to California fisheries.

This project was initiated in FY 1969 with the recruitment of
the senior investigator. A general computer simulation mode} of a
fishery on interacting species is presently being developed, in two
major parts: a biological section and an economic section. The
biological section will include interactions among the species at
several stages of their life histories. The economic section will in-
clude capital and operating expenditures of the industry and
management agency. Potential profit under various fishery ard
management policies will be investigated. Particular attention will
be placed on the potential benefit of forecasting changes in the
density and availability of the populations. Although the model
will be general, studies on the fishing and management policies
will be based on current knowledge of the population dynamics
and fisheries of Pacific sardine, northern anchovy, and Pacific
mackerel.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0066, SIMULATION MODELS OF SHALLOW-WATER
AND COASTAL ENVIRONMENTS

J.W. HARBAUGH, Stanford University, Graduate School, Pdlo
Alto - Stanford, California 94305
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Versatile, general simulation computer programs are being
developed to realistically imitate the major natural processes
operative in coastal and shallow-water environments. These
models are being modified and adapted to simulate selected
specific localities such as Florida Bay, Mississippi Delta, and the
barrier beaches of southern Texas, to assure their validity.

Environmental information is often inadequate on coastal
and nearshore areas in which operations must be performed. One
means of filling gaps in the data and of inferring the hydrologic
and sedimentary processes responsible for the observable en-
vironmental features is through the use of mathematical simula-
tions, A realistically performing model should reveal the mag-
nitude and interrelations of local environmental variables and
predict environmental conditions.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0067, MODEL FOR PRELIMINARY EVALUATION OF
TOTAL CARGO TRANSPORTATION TIME AND TRANS-
PORTATION COST FOR ADVANCED CARGO TRANSPOR-
TATION SYSTEMS

J.G. GROSS, U.S. Dept. of Commerce, Maritime Adminisiration,
Washington, District of Columbia 20235 .

This computerized transportation analysis model is an ap-
proach to the determination of ‘total systein' costs involved in
cargo movement, and “Total’ transportation time involved with
this movement. The goal was to explore a method for determining
transport cost and time on a comparable system basis, irrespec-
tive of the vehicles used in the system: and to have minimum input
other than that required for the physica’ structure of the system,

The program was developed for a preliminary analysis of a
broad range of vehicle types - aircraft to displacement ships, and
the analysis of comparabie transportation costs for each - shipper
to consignee. It considers the vehicle is engaged in a hypothetical
transportation system consisting of inland rail and truck opera-
tions, marine cargo consolidation and packaging, inland and port
cargo handling, and prime vehicle line haul movements. The
range cost considerations are prime vehicle line haul movements.
The range of cost considerations are prime vehicle investment,
cargo handling (inland and prime vehicle terminal), cargo
characteristics (packaging, specific volume, value), type of han-
dling equipment, packaging, insurance (vehicle and cargo), docu-
mentation, cargo claims (inland and port), vehicle operation,
wharfage or terminal, vehicle handling, and inland line haul cost.
Transportation time factors include the same areas, particularly
vehicle port interfacting, vehicle speed variations, inland and ter-
minal delays of cargo, and port cargo storage times.

The model output inciuded one detail system time and cost
breakdown and a less detailed output of speed, transport time,
specific volume, transport costs for raviations in cargo specific
volume. The model is of the deterministic steady state type. It is
written in FORTRAN !V for H200. As yet no model operating
documentation exists.

Operation to date has been good when analyzing broad
category of vehicles on a consistent basis. Such vehicles as
hydrofoil, surface effect ships, various displacement ships types,
and aircraft have been explored by the model. Estimating rela-
tionships and logic are still considered preliminary.

SUPPORTED BY U.S. Dept. of Commerce - Maritime

Admin.
4.0068, ADVANCED MARINE TRANSPOKTATION
SYSTEM/ANALYSIS MODEL

J.G. GROSS, U.S. Dept. of Commerce, Maritime Administration,
Washington, District of Columbia 20235

An overview study and projest outline was made to deter-
mine the composition of models that could be used effectively to
determine long range commodity demands for international
transportation, and to anaiyze advanced marine transportation
systemis.

A Transportation Requirements Model is needed to provide
the ability to identify and anaiyze major flows of commmodity by
sources, sinks and time frame. The input to this modsl will be
records and statistics of government agencies charged with com-
piling information on industry production, raw material require-
ments, population level, area technology and social development
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status. The algorithm output wilf incluce quantity and type of
commodity, transportation demand at each source and sink dur-
ing each time increment, and the transportation quality required.

An Advanced Ship Analysis Model is needed to consider the
output of the Transportation Requirements Model, and reject or
anclyze advanced vehicle concepts as a part of the total system
for future time frames. It has the function of providing a2 means of
loading the demand into the optimum transportation network,
and listing by ranked order the best choice of mode, next best,
etc.

The study considers such factors as transportation market
requirements, modal performance, selection of the best mode,
transport system characteristics, route structures, level of opera-
tion and system constraints. The type of output that would result
is total cost of transportation, demand deficiency, operators’
financia! analysis, vehicle manufacturers’ financial analysis, route
and vehicle analysis, commodity-route analysis, system summary
of mode/vehicle type, system timing for new equipment in
production and retirement, and time in transit.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admiin.

4.0069, MODEL FOR THE PRELIMINARY EVALUATION
OF TOTAL VALUE AND QUANTITY OF IMPORT AND EX-
PORT FOR WORLD TRADE AREAS
J.G. GROSS, U.S. Dept. of Commerce, Maritime Administration,
Washington, District of Columbia 20235

This study is an attempt to idealize world trade flow into a
mathematical model. The goal is to determine if, for two selected
countries, such parameters 3s GNP, distance between countries,
variables for neighboring countries, trade policy preferences,
levels of industrialization, and population can be related so that
value, tonnage, and transportation characteristics between the
two countries can be determined. The rate of change of each vari-
able with time is built into the model, thus giving some capability
to forecast cargo flow for future years.

The model has been operated to the extent that measurement
of trade value and tonnage between 36 trade nodes were deter-
mined in ten increments to the year 2010. A summation of the
cargo flow to and from all trade areas to a selected trade area
yields the import and export of that trade area.

The model is written in Fortran 1V for IBM 7090. As yet, no
model operating documentation exists and further analysis is
needed to accurately determine model correction and per-
formance.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

4.0070, NUCLEAR FUEL COST ANALYSIS MODEL
P.B. MENTZ, U.S. Dept. of Commerce, Maritime Administra-
tion, Washington, District of Columbia 20235

A Nuclear Fuel Cost Analysis Model has been developed to
analyze fuel costs for potential nuclear merchant ships. The
model has been programmed in Fortran IV and is currently being
run on a Honeywell 200 computer.

The model will calculate overall fuel cost. for nuclear ship
propulsion systems on a life-cycle basis. Included within the cost
structure are components dealing with uranium inventory, en-
richment, conversion, fabrication, refueling, and reprocessing.
For convenience, the estimating relationships for each of these
key economic parameters may be readily modified in order to as-
sess the effect of a potential change in either technology or pric-
ing.

The operational characteristics of a thermal, pressurized
water reactor (PWR) are approximated by the use of a simplified
nuclear fuel model, utilizing average values of conversion ratios,
cross sections, and leakage probabilities. Output parameters, in
addition to specific fuel cost, include initial and final enrichments,
uranium inventory and burnup, and fissle plutonium discharge.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.




40071, ARGONNE MICROMETEOROLOGICAL MODEL-
ING FACILITY PROPOSAL

H. MOSES, Argonne National Laboratory, Argonne - Lemont, Il-
linois

Argonne National Laboratory is proposing to the Atomic
Energy Commission a program for modeling micrometeorological
phenomena, with special emphasis o atmospheric diffusion
problems. This program will include basic research into the struc-
ture of turbulence and diffusion and applied research into such
areas as flow patterns and dilution rates in the vicinity of
buildings, reactor complexes, etc. Theoretical analyses and field
experiments will be conducted in addition to and supplementing
the modeling work. Turbulence and diffusion rates in areas of
complex terrain are poorly understood; Safety analysis reports for
reactors based on current knowledge are not very reliable and
may lead to improper or overdesign of safety features. Modeling
air flow in a large wind tunnel, with proper controls of turbulence
intensity of vertical temperature and wind speed profiles, will
result in more accurate hazard reports.

Results to Date: A fearibility study for the modeling facility
has been completed by the Cornell Aeronautics Laboratory, Buf-
falo, New York. This study included: (1) a conference attended
by fluid dynamicists and meteorologists to advise on design
criteria for the wind studies including experimental tests on
techniques for proper simulation of atmospheric motions, (2)
literature and engineering studies including experimental tests on
techniques for producing turbuience necessary for modeling at-
mospheric diffusion, (3, a literature and engineering study on
techniques for controlling the wemperature field with emphasis on
maintaining a preset vertical temperature gradient over a range of
turbulence intensities, and (4) development and analysis of tun-
nel design parameters.

SUPPORTED BY U.S. Atomic Energy Commission

4.0072, COMPETITVE MERCHANT SHI? (BULK)
DEVELOPMENTAL PLAN

UNKNOWN, Booz Allen Applied Res. Inc. , Washington -
Bethesda, Maryland

PURPOSE: To develop a plan for producing advanced
nightly preductive dry bulk cargo ship systems that best fulfill na-
tional requirements, and have multi-application and lowest life
cycle costs.

DESCRIPTION: An investigation of the commercial and na-
tional requirements for American Flag dry bulk cargo ships and
an evaluation of feasible shipping conicepts will be made. This will
include forecasts of the inbound-out-bound moveraent of dry
bulk commodities and other cargoes which might feasibly be car-
ried in bulk form. Alternative levels of American Fiag dry bulk
shipping capacity will be studied to determine possible effects on
strategic, economic and political national goals. An economic and
technical analysis of ail feasible shipping concepts will be con-
ducted, along with investigations to determine the most effective
financing method to employ, the technical innovations which
would ensure lowest life time cost, and the trades in which these
ships could compete most effectively. The results will be used as a
basis for preparing a Strategic Development Plan that will most
effectively produce competitive dry bulk carriers.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

4.0073, THE APPLICATION OF MATHEMATICAL
METHODS IN CERTAIN GCEANOGRAPHIC PROBLEMS
G.F. CARRIER, Harvard University, Graduate School, Cam-
bridge, Massachusetts 02138

0ONO SUMMARY HAS BEEN PROVIDED TO THE
SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Johnr S. Guggenheim Memoriai Foundation

4.0074, EFFECTS OF SCALE AND OPERATING
TECHNIQUE ON HARBOR MODELS

RY, HUDSON, U.S. Army, Waterways Experiment Sta. ,
Vicksburg, Mississippi
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4. SURVEY AND PREDICTION

The objective of this project is to determine the effects of
madel scale and the techniques of modal operation on the accura-
¢y of model results. Tests will be conducted to establish the bases
of model design, operation, and analysis of test results. Studies to
be made are wave filters for harbor models and wave flumes,
wave attentuation due to bottom friction, and design of ripple
tank and appurtenances.

SUPPORTED BY U.S. Dept. of Defense - Army

4.0075, DYNAMIC MODEL STUDY OF LAKE ERIE
R.R. RUMER, State University of New York, School of Engineer-
ing, Buffalo, New York 14214

A rotating laboratory (11’ x 18’) is being used for a hydraulic
model study of Lake Erie. The principal objective of this study is
to determine the degree of usefulness of a rotating vertically
distorted Froude model in the prediction of the response of Lake
Erie to various physical inputs such as inflows, wind stress, etc.
Analytical studies of others as well as of the investigators will be
used in attempts to predict the dynamic behavior of the model
lake. Field data taken during the GLIRB study and reports of
other field studies will be used in the model verification process.

SUPPORTED BY U.S. Dept. of Interior - F. Water Pol. Ctl

4.0076, HYDROLOGIC SYSTEMS ANALYSIS OF THE
GREAT LAKES
W. BRUTSAERT, Cornell University, School of Engineering,
Ithaca, New York

The objective of this project is a preliminary study of the
Great Lakes as a hydrologic system. In other words an attempt
will be made to characterize the basin as a ‘black box‘ from physi-
cal as well as from purely mathematical considerations.

The inflow-outflow and storage relationships will be in-
vestigated by means of different linear and non-linear models
which are presently known in the literature. New runoff-routing
models appropriate for the specific conditions of large water
bodies - with or without :egulated water levels - will be developed
and tested.

The usefulness of the available hydrographic and
meteorologic data will be assessed; this will in part dictate the
direction of future studies.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Cornell University

4.0077, NUMERICAL OCEANOGRAPHIC MODEL
DEVELOPMENMT FOR ENVIRONMENTAL PREDICTION
W.J. PIERSON, New York University, School of Engineering,
New York, New York 10603 (NONR)

Objective: Navy oceanographic forecasting services require
improved numerical models of the ocean to support tactical and
logistical operations of the fleet. The aim of this research is to
develop a numerical model of the ocearn and overlying planetary
bour.dary layer of the atmosphere to contribute to the improve-
ment of meteorological forecasts over oceanic arcas as well as
oceanographic forecasts.

Approach: A finite difference mathematiczl model of the At-
lantic is being developed according to the ‘Box Method‘ used
previously by other investigators. A quasi-climatoiogical model
for typical monthly conditions will be generated first to develop
water mass distributions and currents more realistically than is
done presently by available models. Methods for altering the grid
system within the model are being devised to account for moving
shear zones, meandering currents, and varying depths of tke ther-
mocline. A computer program also is being developed to obtain
the amount of solar radiation: that hits the surface waters of the
ocean.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0078, AIR-SEA INTERACTION AND PLANKTON
ECOLOGY

E.R. BAYLOR, State University of New York, Graduate School,
Stony Brook, New York 11790




TN

4. SURVEY AND PREDICTION

The project is to test the predictions of two models that relate
the in situ abundance of plankton to the air and the water circula-
tion patterns at the sea surface.

The first of the two models relates small-scale patchiness of
plankton abundance to the water circulation patterns described
by Langmuir (1938). The second of the two models related
larger-scale (one kilometer) patches of plankton abundance to air
circulation patterns such as those described by Woodcock and
Wyman (1947).

The model that relates Langmuir circulation to small-scale
patchiness of plankton predicts that localized increases of plank-
ton abundance are correlated with the temperature perturbations
produced by the Langmuir circula.ion pattern.

The kilometer scale model relates patchiness of plankton to
the Wyman-Woodcock horizontal vortex air-circulation pattern
and predicts large patches of plankton abundance beneath the
parallel lines of clouds that mark the up-welling air from circula-
tion convergences at the sea surface.

The sampling program was designed to ask whether plankton
abundance (in situ high frequency sonar counts) was correlated
with water temperature perturbations at Langmuir down-welling
and whether air temperature and humidity (kite bourne telemetry
at cloud base level) were correlated with cloud lines and large
scale patchiness of plankton.

SUPPORTED BY U.S. National Science Foundation

4.0079, ESTUARINE SEDIMENTARY MODELS
G.S. VISHER, Univ. of Tulsa, Graduate School, Tulsa, Oklahoa
74104

The primary aims are to provide information for a general
process- response model for the tidal-estuary-distributary en-
vironmental association, and to test the hypothesis that texture
may be used directly in the identification of specific sedimentary
processes. Work on fluid flow in natural stream channels has
demonstrated the association of textures with specific flow
regimes. In addition, recent textural studies of clastic sediments
suggest the possibility that texture may be used directly in deter-
mining ancient sedimentary processes in a more specific manner
than previously possible. An observation program to test these
aypotheses will be carried out in the estuary of the Altamaha

iver.

The data will be used to develop a statistical model of the
area for comparison to ancient rocks, and to evaluate the effects
of differing sedimentary processes on grain size distributions.

SUPPORTED BY U.S. National Science Foundation

4.0080, DELAY LINE COMPUTER
D.D. AUFENKAMP, Oregon State University, Graduate School,
Corvallis, Oregon 97331

The purpose of this task is to apply modern computer
techniques to oceanography on a real time basis. It is anticipated
that this will be accomplished by first developing a mathematical
model to describe the exchange processes taking place within a
given volume of the ocean and then, using moored buoys and
other platforms to measure the oceanographic and meteorologi-
cal parameters, compare the model in a hybrid analog digital
computer with the actual measurements correcting the model as
necessary to fit the real environment.

The ability to predict acoustic conditions and water motions
as they affect vehicle operations and underseas construction de-
pends on a thorough knowledge of the energy exchange processes
taking place within the ocean and between the ocean and the at-
mosphere. “his task holds great promise for improving our un-
derstanding of these processes.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.008!, USE OF ON-LINE COMPUTERS FOR ENVIRON-
MENTAL RESEARCH
D.D. AUFENKAMP, Oregon State University, Graduate School,
Corvallis, Oregon 97331 (N00014-68-A-0148)

The purpose of this task is to apply modern computer
techniques to oceanograpiiy on a real time basis. It is anticipated
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that this will be accomplished by first developing a mathematical
model to describe the exchange processes taking place within a
given volume of the ocean and then, using moored buoys and
other platforms to measure the oceanographic and meteorologi-
cal parameters, compare the model in a hybrid analog digital
computer with the actual measurements correcting the model as
necessary to fit the real environment.

The ability to predict acoustic conditons as they affect Navy
systems and water motions as they affect vehicle operations and
underseas construction depends on a thorough knowledge of the
energy exchange processes taking place within the ocean and
between the ocean and the atmosphere. This task holds great
promise for improving our understanding of these processes.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0082, COMPUTER SIMULATION OF THE PROPAGA-
TION OF SURFACE WAVES
W.H. ESPEY, Tracor Incorporated, Austin, Texas 78721

The propagation of surface waves from deep to shallow water
over composite or irregular slopes is an extremely difficuit and
complex fluid problem. In many cases, semi-empirical approaches
have been used to solve practical problems because of the com-
plexity of the basic Navier-3tokes equations which describe the
flow field. In deep water these assumptions of irrational flow and
small particle motion, which lead to linearized equations, are
justified. However as the wave advances toward the shore, the
wave form changes and becomes highly unsymmetrical and non-
linear. Because of these zffects, a true description of the propaga-
tion of surface waves from deep (o shallow water over complex
bottom geometry must be based on the complete Navier- Stokes
equations. The problem approach used in this study is based on a
combination of numerical computer simulation techniques to
solve the completer Navier-Stokes equations.

The TRACOR Hydrodynamic Model, which solves the two-
dimensional Navier-Stokes equation, has been expanded to simu-
late the propagation of surface waves in the Coastal Engineering
Research Center large wave tank. The tank employs a flap-type
wave generator. However, due to the rectangular grid representa-
tion of the fluid in the model, it is -onvenient to replace the flap-
type wave generator for this study by an equivalent piston type
wave generator. Model results are presented in the form of water
surface fluctuations at various stations in the large wave tank for
later comparison with actual field data collected in the CERC
wave tank. Model results in the form of pressure and velocity
profiles are also compared with small amplitude wave theory.

SUPPORTED BY U.S. Dept. of Dcfense - Army

4.0083, NUMERICAL SIMULATION OF HYDRODYNAM-
IC PHENOMENA BY DIGITAL COMPUTER

C. LAl U.S. Dept. of Interior, Water Resources Division, Arling-
ton, Virginia

Purpose: To develop numericai methods for solving selected
surface and ground water fluid dynamics probiems; to develop
new computer simulation techniques with which to model natural
field phenomena.

Methods: Movements of wave-crest in open channels will be
simulated, pictorial representations of surface profiles of wave-
crest movements will be developed and results will be compared
with field observations.

Free-surface, unsteady, gravity flow through porous media
induced by transient open-channcl flows will be simulated by
digital models.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0084, UTILIZATION OF PHYSICAL AND MATHE-
MATICAL MODELS IN MARIMNE WATER RESOUECES
RESEARCH AND MANAGEMENT
W.J. HARG]IS, Virginia Inst. of Marine Sci. , Gloucester, Virginia
Increased use of hydraulic and mathematical models in
rescarch, planning engineering and conserving cstuarine and
coastal environments is important. The proposed project will util-
ize VIMS hydraulic mode! of the tidal James system and




analogue, digital and hybrid mathematical modeling capabilities
in a program of research designed to evaluate and improve the
capabilities of each technique. Thus, the accuracy, precision and
capabilities of all likely will be improved, or at least, clarified.

It is expected that improved ability to predict. the changes
which will result in such biologically, economically, socially and
politically important environmental factors as salinity distribu-
tion, currents sedimentation, bottom scour and shore erosion will
result.

This project is relevant to the
Hydraulic Model.

SUPPORTED BY U.S. Dept. of Interior - O. Water Res. Rch
Virginia Institute of Marine Science

projected Chesapeake Bay

4F. NAVIGATION

4.0085, EARTH CURRENT STUDIES
V.P. HESSLER, Univ. of Alaska, Geophysical Institutc, Coliege,
Alaska 99735

At Barrow and College, Alaska, and on drifting ice stations
records are made of macro-telluric activity in a study of the rela-
tionships between the orientation and motions of auroral forms,
as photographed by an All-Sky camera, and variations in the tellu-
ric vector in the sea. Geomagnetic micropulsation studies are
made with perpendicular induction loops oriented in the H, D and
Z coordinates with the primary objective of studying the polariza-
tion of both the electric (telluric currents) and the magnetic per-
burbation vectors. Data are analyzed for characteristic polariza-
tion with respect to diurnal variation, storm time and spectrum of
the disturbance.

A close relationship exists between ionospheric auroral ac-
tivity, geomagnetic micropulsations and earth current
phenomena. Such relationships are relevant to the evolution and
application of communication, navigation and detection systems
and are of interest, therefore, to all Na.y Bureaus and Laborato-
ries having responsibilities in those areas.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0086, VISUAL LANDING AIDS FIELD
J.W. SIMEROTH, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Arcata, California

To study under service conditions the performance of visi-
bility meters, the characteristics of fog, the threshold constants of
the human eye, and the performance of airfield lighting systems
and components. Related to NBS Mission Component 1.6
Research and Development for another agency.

Reporiing Interval February 1967-December 1967.

Four fog detectors/visibility meters developed by commer-
cial firms have been installed at the NBS Arcata Field Laboratory
for study. The instrumenis are 1) a near-infrared back-scatter
meter developed by Hoffman Electronics, 2) a forward-scatter
meter developed by Thomas A. Edison Industries, 3) a fog detec-
tor developed by the AGA Corporation of Sweden, and 4) a
modified Frungel side scatter meter. Recordings of the outputs of
these instruments are being obtained in a variety of weather con-
ditions. Simultaneous recordings are being made of the outputs of
the several transmissometers installed in the test area. Prepara-
tion of an airfield lighting maintenance manual has continued.
Field tests have been made of various lighting fixtures.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0087, EVALUATION OF CONTEMPORARY PRECISION
NAVIGATION SYSTEMS
K.E. TAYLOR, U.S. Dept. of Interior, Marine Min. Technol. Ctr. ,
Belvedere - Tiburon, California 94920

The design, installation, test and evaluation of a RADIST
plotter aboard the R/V VIRGINIA CITY, which will be used in
conjunction with the RADIST navigating instruments that were
procured during FY 1968.

To conduct feasibility studies for adapting the R/V VIR-
GINIA CITY to utilize the Sateilite Navigation System presently
scheduled to be operational by January 1970.
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4. SURVEY AND PREDICTION

The design, installation, test and evaluation of a recording
fathometer aboard the R/V VIRGINIA CITY, which will be used
in conjunction with the presently installed fathometer.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

4.0088, A STUDY OF PROBLEMS RELATED TO WIND-
GENERATED WAVES
R.L. STREET, Stanford University,
Alto - Stanford, California 94305
This research will complement theoretical analyses and ex-
tend a previous investigation of wind-generated waves. Specific
programs to be covered during the course of this research are: 1.
Investigations of the characteristics of a turbulent boundary layer
over a progressive wavy surface. 2. Investigations of the interac-
tions between the perturbation velocity and natural free-stream
(or background) turbulence. 3. Measurements of normal pres-
sures over wind-generated waves.

SUPPORTED BY U.S. National Science Foundation

School of Engineering, Palo

4.0089, WWYV BROADCASTS
R. CARLE, U.S. Dept. of Commerce, Time & Frequency Div. ,
Boulder, Colorado 80302

’Il‘o provide state-of-the-art accuracy High Frequency Time
Signals.

Standard frequency and time broadcasts are being provided
at six high frequencies, 2.5, 5, 10, 15, 20, and 25 MHz from the
station located at Fort Coilins, Colorado. These signals are main-
tained, as broadcast, within within 10 microseconds of the NBS-
Boulder master clocks.

These broadcasts are received nearly worldwide and are used
extensively as a timing reference in many navigation systems. A
navigator can easily determine his position on the earth by utiliz-
ing WWYV timing signal along with other observations.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0090, WWVB-WWVL BROADCASTS
R.F. CARLE, U.S. Dept. of Commerce, Time & Frequency Div. ,
Boulder, Colorado 80302

To provide state-of-the-art accuracy Low Frequency Time
Signals and to provide experimental Very Low Frequency Broad-
casts. Continental U.S. is served by 60 kHz for precise signals
suitable for automatic recording. Experimental 20 kHz signals are
being used in quest of a world-wide timing system.

Standard frequency and time broadcasts are being provided
at 60 kHz. Experimental low frequency transmissiors are being
provided at 19.9 and 20.0 kHz. These transmissions presently
maintain a frequency accuracy better than 1 part in 10 to the | I th
and time information within plus or minus 10 microseconds of
NBS-Boulder master clocks.

SUPPORTED BY U.S. Dept. of Cominerce - N.B.S.

4.0091, SATELLITE TIME DISSEMINATION
L.E. GATTERER, U.S. Dept. of Commerce, Time & Frequency
Div. , Boulder, Colorado 80302

The technical objective is to study, both theoretically and ex-
gerimentally, the feasibility of disseminating time and frequency

rom an artifical earth satellite.

A literature survey has been conducted to determine what
success various experimental satellite timing systems have had to
date. Theoretical studies have been made to evaluate various at-
mospheric effects as a function of radio frequency and a small ex-
perimental program has been undertaken to evaluate the possi-
bility of satellite range determination based upon Doppler
frequency measurements.

The literature survey is being kept up to date and the
theoretical studies are essentially complete and await further ex-
perimental data before significant additional progress may be
made. Several satellites are being observed a¢ the present time for
Doppler data. Simple procedures have been developed for range
determinations. Although these methods will not produce results
which are attainable by more elaborate, sophisticated methods




4. SURVEY AND PREDICTION

(which are not suitable for the average user of a timing signal),
preliminary results indicate that, under good conditions, range
determinations may be made to 100 km which correspond to a
timing error of about 300 microseconds compared with 1 ms
which is available, under good conditions, from WWYV.,

Navigation systems used in the oceans and over the oceans
(air navigation) are particularly dependent on the accuracy of
received time and frequency information.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0092, VLF TIMING STUDIES
G. KAMAS, U.S. Dept. of Commerce, Time & Frequency Div. ,
Boulder, Colorado 80302

The project studies propagation characteristics of VLF
signals as they apply to the dissemination of standard time and
frequency signals. The main concern is the area of spectrum oc-
cupied by NBS station WWVL. The project deals mainly with
ghi&se velocity, group velocity, signal attenuation and total path

elays.

The approach io the solution of the problein is to measure
the phase path delay as a function of direction from the trans-
mitter, frequency and distance. This is accomplished with preci-
sion clocks and stable receivers. The group velocity is computed
by measuring several frequencies that are closely spaced.

To date, the project has been able to measure the phase
velocity at 18.6, 19.9, 20.0, and 20.5 kHz. Directions used have
been all except North. The measurements range from 100 to 5000
km from the respective transmitters. In add‘tion to the field mea-
surements, a theoretical model is being ger.erated that will permit
time and group delay predicticns over continental paths. Also the
measurement technique has been developed to a point where it is
felt that useful group delay measurements can now be made.

Sea navigation systems are dependent on VLF transmissions
which are unaffected by atmospheric disturbances. The received
signal has little degradation compared to transmissions at higher
frequencies.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0093, IMPROVED STANDARDS FOR RADIO AND
ELECTRONIC EQUIPMENT

UNKNOWN, Radio Tech. Comm. Marine Serv. , Washington,
District of Columbia

PURPOSE: To investigate and recommend improvements in
ship communications and electronic navigation.

DESCRIPTION: Cooperative efforts of government agencies
and industry are undertaken to investigate ship communications,
navigation and safety by special committees that are assigned on a
problem and need basis. The technicians and scientists on these
committees secure contributory research and investigation inputs
on technical, economic, social and political matters within the
bast competence of their agencies and companies. Forecasts are
made of most probable directions, importance, and timing of
technical needs for future innovations, Special committees
prepare reports on satellite communications, radar criteria, and
navigation aids.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

4.0094, MICRONESIAN NAVIGATION AND SAILING
S.H. RIESENBERG, Smithsonian Institution, Washington, Dis-
trict of Columbia 20560

This is an ethnographic study of Puluwat, in the central
Caroline Islands, focused on Micronesian navigation and sailing.
It includes studies of the technological, linguistic, and cognitive
aspects of the sailing complex, and an examination of its ramifica-
tions th:cugh and functional interrelationships with the entire cul-
ture of Puluwat.

SUPPORTED BY Smithsonian Institution

4.0095, AUDITORY DETECTION
E.L. CORLISS, U.S. Dept. of Commerce, Natl, Burcau of Stan-
dards, Washington, District of Columbia
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To determine the optimum spectrum of fog signals for de-
tectability against background of shipboard noise. To develop a
description of the spectral and temporal characteristics of fog
signals that would optimize their detection above the background
of shipboard noise, for the use of the Coast Guard in setting up
fog signals.

January 1 to December 31, 1967. Samples .f shipboard noise
provided by the U. S. Coast Guard have been analyzed by several
filtering techriques. Durations of spectral features are such that
analysis over tenth-octave bands does not impair observations of
the temporal structure, whereas a wave analyzer having less than
3% bandwidth evidently integrates over features in the original
signal. Equipment for gating brief signals of controlled character
has been set up, for use in simulating fog signals.

Study time-varying spectral distributions of specimen fog
signals and shipboard noise and reduce with regard to loudness-
weighting behavior of ear. Evaluate, using signal-detection theory
as applied to ear, in terms of engineering predictions of audibility.
Devise improved spectral distributions and check against jury.

SUPPORTED BY U.S. Dept. of Commerce - M.B.S.

4.0v96, DUPLICATE LIMIT STANDARDS FOR SIGNAL
COLORS
K.L. KELLY, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Washington, District of Columbia

Traffic control for land, sea, and air transportation depends
upon signal-light colors largely produced by plastic or glass filters
combined with an incandescent lamp. The permitted range of
chromaticities for each of the fifteen colors is specified in terms of
the CIE (X,Y)-chromaticity diagram, but the practical control of
these chromaticities is by means of eighteen limit standards in the
form of two-inch glass squares. The problem is to obtain a supply
of duplicate limit standards for issuance to manufacturers of glass
and plastic ware, manufacturers of signal lights, and purchasers of
such lights.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0097, APPLICATION OF ISCC-NBS CENTROID
COLORS AND METHOD OF DESIGNATION COLORS

K.L. KELLY, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Washington, District of Columbia

The problem is the application of the ISCC-NBS centroid
colors and ISCC-NBS Method of Designating Colors to the solu-
tion of problems in the fields of color charts, color codes, color
standards, color communication and color designation. This pro-
ject is closely related to NBS Mission Component 2, Physical
Measurement Systems.

Reporting Period: February - December 1967.

The extent to which the application of ISCC-NBS centroid
colors has grown and the diversity of the applications can be in-
dicated best by listing a number of them for 1967. These are:
colors of plastic- coated fencing; revision of Federal Standard 595
(Paint); IBM color standards and color programs; Science Fair
projects; Army Map Service map colors; B. F. Goodrich color
book on plastics; colors of HEW tlag; colors of envelopes for auto
sorting of P.O.; color in thermoplastics; color comparison
methods; color and illuminants; representations of color blind-
ness; Things of Science by Science Service; FAA color standards
and toierances; color in the building industry; centroid colors in
fashion color communications in Simplicity Fashion Magazine;
teaching color (Vienna, Austria); matching centroids in printing
inks (Pantone Press); World Book of Knowledge; traffic sign
color code; Central America Research Institute for Industry (Gu-
atemala); Many " 1 of American Society of Photogrammetry, Dr. 1.
M. Yeynmen ( .urkey). To disseminate information about this
method of designating colors, an NBS Staff lecture and five talks
before technical organizations, ISCC Subcommittee on Color in
the Building Industry; Color Marketing Bureau of Public Roads;
were given on invitation during the year.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0098, DIVER-ASSISTED OCEANOGRAPHY
L.H. BRESLAU, U.S. Navy, Oceanographic Office, Washington,
District of Columbia




OBJECTIVE: The investigators will develop a diver-assisted
oceanographic surveying capability for determining the nature of
the undersea environment with ultra-high resolution to a depth of
100 fathoms. They will integrate diver manned survey methods
with conventional oceanographic methods to produce an op-
timum blend of techniques for any oceangraphic survey mission.
Research efforts will involve conducting diver-assisted oceano-
graphic experiments which will include: (A) Determining the
temporal and spatial variability of seafloor and water column fea-
tures. (B) Directly observing and measuring the effects of the
biocoenosis, and correlating their variability with the ocean en-
vironment characteristics.

APPROACH: Divers can provide the closest controi obtaina-
ble on undersea investigation by performing direct observations,
and by selectivity operating measurement devices, sampling
devices, and photographic equipment. Scientifically trained per-
sonnel can make quick evaluations of undersea conditions to
design and/or modify experiments on site, tailoring efforts to ob-
tain desired results. Givers will make sea floor traverses to supple-
ment, and test the resolution of conventional survey methods in
continental shelf areas. Diving scientific personnel will exper:-
ment with and evaluate diver operated vehicles and instruments,
in order to develop capabilities for advanced undersea studies.
They will develop and test undersea surveying techniques fe.r
exact specification of undersea environment by providing
methods for: (1) Bottom truth surveys {A) Exact mapping of
seafloor topography, sediment types, and bedrock. (B} Charac-
terization of seafloor slope stability, trafficability, and scour re-
sistance. (2) Water column seafloor interaction--make firsthand
observations and design instrument arrays and methods of mea-
surement of water column-seafloor interactions including cor-
rect-topographr relationships, sedimentation rates, and near-bot-
tom current velocity profiles. (3) Detailed study of temperature-
density structure and mass movements in the mixed surface layer.
The investigators will develop techniques for specifying details of
internal wave motion, thermal structure, and layer movements in
the highly structural mixed layer.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0099, PRECISE RADIO NAVIGATION FOR SHIPS
F.J. ROMANO, U.S. Navy, Ship Systems Command, Washington,
District of Columbia 20360

Objective: Develop improved surface references (including
buoy, mooring, radar, target, light, and flags) required for naviga-
tion by radio frequency sensors, and time-controlled radio
frequency positioning equipment.

Approach: The performance of buoyant components will be
compared when size and shape are varied and tested. Mooring
techniques will be investigated and compared. The value of
secondary references on the bottom will be investigated. Im-
proved adjuvants such as lights, flags, and radar reflectors will be
developed. Techniques of anchoring will be investigated and
small lightweight anchors with improved holding capability will
be developed. Components will then be integrated.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0100, SONIC UNDERWATER NAVIGATION FOR SHIPS
F.J. ROMANO, U.S. Navy, Ship Systems Command, Washington,
District of Columbia 20360

Objective: To develop a means for accurate navigation of
ships utilizing acoustic techniques. The equipment should provide
for guidance of the ships along a channel. The equipment should
be portable and capable of rapid installation, and references
should have a life of at least two months. Presently, traffic craft
must utilize equipment normally carried on board for ocean
navigation, and narrow channels cannot be navigated without
pilots and visual references.

Portable shipboard equipment which can be installed on any
ship which must traverse the channel will minimize the total
equipment cost by allowing the same equipment to be used by
more than one ship. Previous studies concluded that, when per-
formance ard development time and cost are considered, the
acoustic aprroach ranks significantly higher than radio ranging,
radar, visual piloting, leader cable, and visual beam guidance.

SUPPORTED BY U.S. Dept. of Defense - Navy

4. SURVEY AND PREDICTION

%I(g gé, NAVIGATION SYSTEMS FOR SURVEY APPLICA-
W.M. SWARTWOOD, U.S. Navy, Oceanographic Office,
Washington, District of Columbia

Objective: Provide 24-hour positioning and/or precise
navigation capabilities, for survey vehicles under technical con-
trol of NAVOCEANO, on a worldwide basis to meet the require-
ments of hydrographic, oceanographic, bathymetric, and
geophysical surveys. Provide precision navigation capabilities for
positioning survey craft engaged in coastal operations without the
use of land based equipment. Present capabilities for mid-ocean
surveys are limited to areas serviced by relatively short ranged
electronic positioning systems.

Approach: Testing and evaluation has begun on the
VLF/OMEGA/NAVSAT system which should increase naviga-
tional control accuracies in the broad ocean areas covered by
OMEGA, or VLF ranging.

Development will then be initiated to find an appropriate in-
ertial, or other type sensor, which can be interfaced with the
VLF/OMEGA/NAVSAT system to provide continuous control
with accuracies on the order of the plus or minus 0.5 miles now
possible in good Loran-C areas.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0102, ORIENTATION CUES AND PATTERNS OF
LONG-DISTANCE TRAVEL OF MARINE TURTLES

A.F. CARR, Univ. of Florida, Graduate School, Gainesville,
Florida 32601 (NONR)

The investigator is conducting research with regard to
tracking marine turtles in their extensive migrations in the open
ocean in an effort to determine their routes and the environmen-
tal cues that guide them to breeding and feeding sites. He is also
examining the ‘fine scale‘ homing abilities displayed by hatchlings
in reaching the sea from inland nests.

The identification and analysis of biological mechanisms and
systems are of considerable importance to the Navy. The implica-
tions to Naval operations made clear by increasing information
about biological orientation are expanding, not only to include
machine concepts, but also systems concepts and will ultimately
relate directly to improved systems.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0103, RADAR SCATTERING
K. HASSELMANN, Univ. Hamburg, Hamburg, Germany
Approach - Conduct theoretical research in radar scatter by
ocean waves at radar wavelengths comparable to ocean
wavelengths, and at radar wavelengths small compared to ocean
wavelengths. Calculations will be made by back-scattered energy
as a function of wave spectrum, radiation pattern, and position of
the source.
Objective - The goal of this work is to guide development
work in radar scattermeters for open ocean wave work, either
from ships, aircraft or satellites.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0104, BARBERS POINT HARBOR MODEL STUDY
H.P. HARRENSTEIN, Univ. of Hawaii, School of Engineering,
Honolulu, Hawaii 96822

This was a hydraulic model testing project. The purpose was
to aid in the selection of the most suitable plan for design of a
deep draft harbor at Barbers Point, Oahu. This project is being
continued beyond June 30, 1968, but is expected to be completed
by the end of the calendar year. A number of plans have been
used, and a great number of tests performed. The selection of the
final plan and additional tests were made after Jure 30, 1968.

SUPPORTED BY U.S. Dept. of Defense - Army

4.0105, VHF SATELLITE COMMUNICATIONS
UNKNOWN, Westinghouse Electric Corp. , Baltimore - Elkridge,
Maryland

Purpose: To evaluate the future potertiai of satellite relays
for marine communications, ranging and ship control, using ex-
perimental data obtained from ship to shore tests.

ii



4, SURVEY AND PREDICTION

Description: Experiments are being conducted with the
NASA ATS- 1 and ATS-3 Synchronous Satellites. A shipboard
satellite terminal has been installed aboard the Grace Line ship SS
SANTA LUCIA and two test voyages have been completed. Dur-
ing these voyages, tests were conducted at a number of points
along the ship’s route from Newark, N.J., to Valparaisc, Chile,
and return. Communications and tests are mnade between the ship
and the three NASA ATS ground stations located at Rosman,
North Carolina; Mojave, California; and Cooby Creek, Australia.

Particular emphasis is being given 10 certain areas pertinent
to shipboard application: (1) propagation characteristics and
signal yield; (2) transmission and reception of voice communica-
tions; (3) feasibility of obtaining accurate position fixes using the
satellite ranging technique; (4} accurate time synchronization
using time code signals; and (5) transmission and reception of
teletype messages.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

40106, VLF/OMEGA NAVIGATION
J.J. STANBROUGH, Woods Hole Oceanographic Inst. , Woods
Hole, Massachuseits 02543 (N00014-66-C0241)

The purpose of this study is to (1) provide high precision
relative navigation for on station drift measurements, ship speed
and course made, doppler corrections for the satellite navigator,
and (2) assess Omega/Q/LF navigation for oceanographic - essels.

This study will contribute to the solution of problems in
precise determination of position at sea and to precise navigation.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0107, MARINE GRAVITY
J.L. WORZEL, Columbia University, Graduate School, Palisades,
New York 10964

The objective of this research is to investigate deflections of
the vertical in areas of interest to the Navy. Use will be made of
satellite gravity data and shipboard gravity and topographic data.
Deflections of the vertical computed from these data will be
thoroughly evaluated in terms of the data accuracy and distribu-
tion which are required to adequately map deflections of the ver-
tical at sea.

The accuracy of inertial guidance systems which are used ex-
tensively by the Navy in ships and airplanes is presently limited by
insufficient knowlcdge about the earth’s gravity field and deflec-
tions of the vertical. In support of the Navy’s efforts tc remove
this limitation, this program is (1) prcviding gravity data of in-
creased accuracy over the world’s ocean; and (2) devs;isping and
evaluating both the computational techniques :x:id the data
requirements for determining deflections of the ve:i:ai at sea.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0198,
PIGE.ONS
C. WALCOTT, State University of New York, Graduate School,
Stony Brook, New York 11790

The purpose of this project is to find out what sensory
modalities are employed by some birds in responding to environ-
mental cues. The Principal Investigator will continue his research
on the orientational- navigational abilities of homing pigeons
utilizing radio-telemetric devices. Flight pattern analyses are
being made and air-borne tracking methods ¢mpioyed to find the
basis for the homing phenomenon.

1. ability of animals to navigate accurately over long
distan. . “vithout clues obvious to man is a phenomenon of par-
ticular interest to the Navy. Either the mechanism by which the
bird navigates can provide information applicable to improved
navigation and guidance equipment, or a discovery of environ-
mental directional clues can suggest new concepts of navigation.
Such studies may also bring to light human sensory abilities which
are not being used.

SUPPORTED BY U.S. Dept. of Defense - Navy

SENSORY BASIS OF NAVIGATION IN HOMING
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4.0109, DISTANT GOAL ORIENTATION
L.C. GRAUE, Bowling Green State University, Graduate School,
Bowling Green, Ohio 43402 (NOMR)

The investigator is studying distant goal orientation in hom-
ing birds in an attempt to discover the internal and/or environ-
mental conditions which influence their movements. Magnetic
conditions, expecially irregularities, are analyzed in relation to
both long and short distance homing phenomenon. Electronic
tracking devices have been used to determine the route of the
homeward path under experimental conditions. In the final seg-
ment of this project, the navigation ability of the animals, when
displaced across an ocean, will be studied.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0110, INTEGRATION OF DOPPLER SATELLITE AND

LORAC NAVIGATIONAL SERVICES

E.H. MAHONEY, Seismograph Service Corp. , Tulsa, Oklahoma
OONO SUMMARY HAS BEEN PROVIDED TO THE

SCIENCE INFORMATION EXCHANGE

SUPPORTED BY Secismograph Service Corporation

40111, ERROR ANALYSIS OF SEVERAL BOTTOM
REFERENCED NAVIGATION SYSTEMS FOR SMALL SUB-
MERSIBLES

G. FAIN, Raytheon Company, Portsmouth, Rhode Island

As more and more work is being performed by small submer-
sibles, a definite need has been experienced for an inexpensive
and easily implemented local navigation system referenced to the
ocean bottom. Such systems are required for search and survey
operations and for return to site applications. Many such opera-
tions are at present performed by voice command to the submer-
sible pilot from the surface support vessel which tracks the sub-
mersible with a directional hydrophone. Allowing the pilot to per-
form his own navigation with respect to the bottom will result in
more efficient operations.

All the bottom referenced navigation systems proposed
require the placement of one or more acoustic sources on the
ocean bottom with respect to which range and perhaps bearing
are determined. These sources may be either transponders or
synchronous beacons. The proposed systems usually take either
the form of a long base line, short base line or range bearing
system.

These three systems have been analyzed in terms of their ac-
curacy and precision considering both systematic and random er-
rors. As accurate submersible navigation is usually important only
near the bottom this analysis is limited to near bottom operations.
Accuracy and precision in terms of radial and tangential errors
are predicted for each system. It is shown that error is a function
of bearing angle for the long and short base line system, that ships’
roll and pitch increase the error for both the short base line and
range-bearing systems, and that the long base line systemn is the
most accurate.

SUPPORTED BY Raytheon Company

4.0112, NAVIGATION RECEIVER
D.M. CRISAFULLI, Amer. Machine & Foundry Co. , Alexandria,
Virginia

With the present hyperbolic navigation systems such as
Loran, etc., accuracy in the order of one half to one mile are
about the best obtainable in deep water areas. These accuracies
are totally inadequate for most survey, search and exploratory
operations. An acoustic transponder system is one way of achiev-
ing precise navigation in a local area. The normal technique is to
deploy three transponders on the ocean bottom, survey them in,
and then, using the slant range of each of these transponders the
position of the ship can be determined relative to the transponder
array. We presently have in our oceanographic equipment line of
products the shipboard interrogation gear and the transponders.
In order to have a complete range determining system, we have
designed the three channel shipboard navigation receiver. This
receiver works in conjunction with our present shipboard inter-
rogation gear and provides the slant range from each of the three




transponders directly in the form of a digital display. This range
information can then be fed into a computer for computation or
the computations can be made manually.

A prototype has been built and manufacturing drawings are
completed. Tie first production model will be built before the
end of the year.

SUPPORTED BY Amer. Machine & Foundry Company
4G. SURVEYS-CRUISES®

4.0113, 146 D EASTROPAC
C.M. LOVE, U.S. Dept. of Interior, Fishery Oceanography Ctr. ,
La Jolla, Cdlifornia

This project has been designed to obtain oceanographic an-
fish distribution data from the eascern tropical Pacific and
represents the Bureau of Commercial Fisheries contribution to a
multiagency, international oceanographic survey and monitoring
operation. The Bureau objectives are (1) to evaluate the potential
of the oceanic tuna stocks; (2) to locate potentially rich areas of
aggregation of these fish; and (3) to add to the basic knowledge of
the oceanographic climate of the eastern tropical Pacific, particu-
larly to assist in the understanding of seasonal changes. It is the
latter phase of work whose results will be immediately applicable
in forecasting the movements of tropical tuna on the present fish-
ing grounds which lie generally to the east and inshore of the
EASTROPAC area.

Collection of data at sea (the first phase of EASTROPAC)
has been completed; the reporting phase, iu which the material
will be processed and analyzed, is just now beginning. Data will be
summarized in three ways: (1) as published charts of vertical sec-
tions and horizontal plots of parameters to be used directly in the
production of an atlas- type presentation; (2) as tabulated digital
data which will form the basis of special studies of biological
phenomena and of papers publishecF by individual researchers;
and (3) as digital data recorded in computer- compatible form,
mostly from physico-chemical measurements, to be used for com-
puter calculation of dynamic equations and for individually
published studies.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0114, CALIFORNIA CURRENT SURVEYS
P.E. SMITH, U.S. Dept. of Intericr, Fishery Oceanography Ctr. ,
La Jolla, California

Sea surveys have been conducted off the California coast
from 1939-41 on a limited scale, extensively on a monthly basis,
off California and Baja California, from 1949-60, and on a quar-
terly basis from 1961-65. The CalCOFI surveys were resumed in
1968 with two cruises and in 1969 it is planned to carry out a full-
scale monthly survey, in cooperation with the University of
California, Scripps Institution of Oceanography and the Califor-
nia Department of Fish and Game, of the entire area between San
Francisco Pay and lower Baja California.

Data collections include oblique plankton tows, deepened to
200 meters, and hydrographic casts to 600 meters. Physical and
chemical oceanographic observations are made at all stations.
The processed data will include 1) determinations of depth
fished, volume of water strained, etc. for each haul, 2) measure-
ments and standardization of plankton volumes, 3) separation of
all fish eggs and larvae from plankton samples, 4) identification
gnd enumeration of fish eggs and larvae and standardization of

ata,

Information is provided for 1) distribution and numbers of
the eggs and larvae of commercial valuable fishes and their
ecological associates, 2) physical and chemical environment, 3)
plankton volumes related to area, season, and year, 4) plankton
constituents which serve as food for most pelagic fish at all stages
of gfvelopment, 5) plankton predators and competitors on eggs
and larvae.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0115, SUPPORT OF RESEARCH VESSEL VELERO 4
J. SAVAGE, Univ. of Southera California, Graduate School, Los
Angeles, California 90007

4. SURVEY AND PREDICTION

The research vassel VELERC 1V, 110-foot ship of tuna
clipper design, owned and operated by the Allen Hancock Foun-
dation of the University of Southern California, has served as the
major marine facility in a productive research and training pro-
gram in marine biology and geology since 1948. This ship con-
tains extensive oceanographic and sampling gear, and has an en-
durance capability of from 30 to 40 days.

SUPPORTED BY U.S. National Science Foundation

4.0116, DESCRIPTIVE OCEANOGRAPHY
W.S. WOOSTER, Univ. of California, Graduate Echool, San Diego
- La Jolla, California 92038

The objective is to undertake a detailed investigation and in-
terpretation of the boundary current areas in the eastern Pacific
Ocean, During the coming year, the effort will continue to be an
integral part of the systematic EASTROPAC investigation aimed
at obtaining an understanding of the temporal variations in the
circulation of the Eastern Tropical Pacific and of the large-scaje
air-sea interactions associated with the El Nino phenomenon.
During this period, emphasis will be upon the processing and
analysis of data collected during the 13 month, multiple cruise
EASTROPAC investigation.

This work is of a reconnaissance nature, A considerable
amount of such work is needed in relatively little known waters, in
waters where there are steep gradients or in waters which change
rapidly with time (as off Peru). Such work must be undertaken
before other studies can be planned to investigate specific
phenomena. Only when there is an adequate description of the
overall distribution of properties of an area as well as the annual
trend of conditions can meaningful observations be obtained.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0117, SEA SURVEY INVESTIGATIONS
J.L. BAXTER, State Dept. of Fish & Game, Terminal Island,
California

Objectives: To conduct research vessel surveys designed to
assess the distribution, abundance and other vital statistics of the
fish populations comprising the fishery resources of the California
Current System.

Procedure: Conduct 10, 20-day sea survey cruises; cight
echo - sounder and two combination intensive sampling - gear
research cruises aboard the Research Vessel ALASKA. Data
resulting from these cruises will be compiled and published in the
form of data reports.

Location: Cruises will be conducted in coastal waters of
California and Baja California, Mexico. Therminal Island for
laboratory work and analysis.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,
California State Government

4.0118, SCIENCE AND ENGINEERING GOALS FOR THE
INTERNATIONAL DECADE OF OCEAN EXPLORATION
S.R. KEIM, Natl. Academy of Sciences, Washington, District of
Columbia

The Mational Academy of Sciences and the National Acade-
my of Engineering will jointly undertake to provide advice to the
National Council on Marine Resources and Engineering Develop-
ment on the scientific and engineering aspects of the U. S. par-
ticipation in an International Decade of Ocean Exploration dur-
ing the 1970’s.

As an initial step, the Academies will conduct this contract
study which will identify scientific and engineering goals, objec-
tives, milestones, prioritics, and timing. Inciuded will be the
identification of capabilities required to achieve the goals in terms
of manpower, marine data, instrumentation, sea and shore facili-
ties, and funds. The study will also identify end products which
should result from the Decade such as charts, maps, research pro-
jects, and atlases. Benefits in terms of advances in science and en-
gineering and in the Nation’s increased capabilities to use the seas
more effectively will be considered.

SUPPORTED BY Natl. Council on Marine Res. & Engin.
Dev.




4. SURVEY AND PREDICTION

4.0119, EAST COAST CONTINENTAL MARGIN WOODS
HOLE OCEANOGRAPHIC INSTITUTE CONTRACT
J.G. VEDDER, US. Dept. of Interior, Geological Survey,
Washington, District of Coiumbia 20242

Reconnaissance study of the Atlantic Shelf is essentially
complete; more detailed study of the geology of the Gulf of Maine
at intermediate scale is now underway, as well as study of
ﬁeochemistry of interstitial waters in marine sediments, and of
ydrologic processes operating in marine and estuarine arcas.

SUPPORTED 3Y U.S. Dept. of Interior - Geological Survey

4.0120, FEASTERN TROPICAL ATLANTIC COOPERA-
TIVE SURVEY 12 SEPTEMBEP. TO 20 DECEMBER 1968
R.B. ELDER, U.S. Dept. of Tra' sportation, Oceanographic Unit,
Washington, District of Columbi a

The U. S. Coast Guard an(' the Bureau of Commercial Fishe-
ries are cooperating in a study of the Eastern Tropical Atlantic.
Following are the objectives of the program: a. To investigate the
distribution of surface schcoling tunas in relation to oceanic
physical, chemical, and biological f/arameters, and to sample such
schools whenever possible to provide specimens for biological
studies. b. To locate and investigate an oceanic front which is
found about 1 degree - 3 degrees S. during June-August and ap-
parently moves to about 15 degrees - 16 degrees. by the first of
October. c. To study the region of the Angola Dome; a region
having abnormally low temperatures in the near surface layers.

The Coast Guard Cutter ROCKAWAY and the Bureau of
Commercial Fisheries research ship UNDAUNTED will conduct
multi-disciplinary oceanographic investigation in the area. The
physical oceanographic data will be published in the CG 373 se-
ries publications. Other data will be published by the Bureau of
Commercial Fisheries.

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

4.0121, INTERNATIONAL WEDDELL SEA OCEANO-
GRAPHIC EXPEDITION

R.B. ELDER, U.S, Dept. of Transportation, Oceanographic Unit,
Washington, District of Columbia

On January 3 1969 the USCGC GLACIER (WAGB 4),
CAPT Eugene E. McCRORY, Commanding, will depart Punta
Arenas, Chile to commence a two phase multi-disciplinary
oceanographic survey of the Weddell Sea. Although primarily an
icebreaker, the CGC GLACIER has been extensively modified
for oceanographic research.

This will be CGX GLACIER’s second oceanographic in-
vestigation of the Weddell Sea. This research, to be conducted in
the austral summer of 1968-1969, will be a logical extension of
that already completed during the previous austral summer. The
duration of the survey will be approximately three months. The
rescarch will be conducted in cooperation with the Argentine
Icebreaker, San Martin.

The overall program is being coordinated by the Office of
Antartic Programs, National Science Foundation. The program
will include the recovery of current buoys installed during
IWSOE-1968, hydrograph, nutrient determination, primary
productivity, chlorophyll analyses, bottom photographs, benthic
biology, seal dynamic population studies and pestor coring.

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

gi?l%lz, EASTERN TROPICAL PACIFIC COOPERATIVE
RVEY
R.B. ELDER, U.S. Dept. of Transportation, Oceanographic Unit,
Washington, Disirict of Columbia

EASTROPAC is a cooperative project by several groups to
study the Eastern Tropical Pacific Ocean. The goals of this effort
are to increase the harvest of fisheries in this region, to improve
weather forcasting, and to improve shipping and navigation in the
study area which ranges 20 degrees north and south of the equa-
tor. As far as the collection of data is concerned EASTROPAC is
complete for the Coast Guard. Processing of the tremendous
amount of information that has been gathered is not complete
however. The primary interest of the past onc and one-half years
of EASTROPAC has been physical, chemical and biological

78

oceanography. In these efforts the Ocganographic Unit and CGC
ROCKAWAY have been working in cooperation with various
U.S. Institutions and those of sther countries.

CGC ROCKAWAY participated in three surveys of the pro-
ject area. In the course of her work CGC ROCKAWAY took a
total of 1488 stations in which Nansen, STD, and expendable BT
(XBT) casts were made. There were 383, 534, 571 stations
respectively for the three cruises.

When all the data has been compiled by EASTROPAC
Headquarters a complete oceanographic atlas will be published.
Also, the Oceanographic Unit will publish their findings in their
Oceanographic Report, CG-373 Series.

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

4.0123, OCEANOGRAPHIC STUDY OF NORTHEASTERN
U. S. COASTAL WATERS FOR INTERNATIONAL COMMIS-
SION FOR NORTHWEST ATLANTIC FISHERIES

M. LIGHT, U.S. Dept. of Transportation, Oceanographic Unit,
Washington, District of Columbia

This study consists of a series of oceanographic surveys con-
ducted by CGC EVERGREEN (WAGO 295) in support of a
research program planned by the International Commission for
Northwest Atlantic Fisheries. The Bureau of Commercial Fishe-
ries Biological Laboratory. Woods Hole, coordinates U. S. par-
ticipation. This cooperative undertaking involves a study of the
offshore fishery resources which are fished by the U. S. and other
member nations. The aim of the international program is to seek
an understanding of natural fluctuations in abundance of com-
mercial fishes in the area and to assess the effect of fishing. The
surveys are sonducted 2 or 3 times a year in the coastal slope
waters between Cape Cod and Nova Scotia, and the hydrographic
data collected supplement data previously collected in the same
area during a series of quarterly environmental survey cruises by
BCF R/V ALBATROSS IIl. The purpose of these surveys is to
determine the vertical and horizontal distribution of temperature,
salinity, dissolved oxygen in these waters which support an inten-
sive commercial fishery. These environmental factors are con-
sidered to have important effects on the distribution of pelagic
and demersal species of fish and invertebrates.

Data from these cruises are available at the National Oceano-
graphic Data Center approximately two months following each
cruise. Complete reports on cruise data will be published by CG
Oceanographic Unit in collaboration with the BCF in the Oceano-
graphic Report series (CG 373).

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

4.0124, OCEANOGRAPHY OF THE GRAND BANKS AND
LABRADOR SEA

M.J. MOYNIHAN, U.S. Dept. of Transportation, Oceanographic
Unit, Washington, District of Columbia

The oceanographic program of the Grand Banks and
Labrador Sea area is in direct support of the International Ice
Patrol mission of the U. S. Coast Guard. The USCGC EVER-
GREEN (WAGO 295) makes several cruiscs annually during the
ice season (normally February to July) to conduct a comprchen-
sive current survey of the region. The data is processed by com-
wuter at sea and transmitted to the Commander, International Ice
'atrol in New York for the forecasting of iceberg drift. Deep-
noored oceanographic buoys for the collection of hydrographic
and weather data have been used and are under further develop-
ment.

Post Season cruises are made into the Labrador Searegion to
study the characteristic circulation of the entire iceberg produc-
ing environment, particularly with regards to the sources and
variations of the Labrador Current.

Data from these cruises are available at the National Oceano-
graphic Data Center approximately two months following the

cruises. These data with anali'{ses are published by the U. 8. Coas.
Guard in the Oceanographic Report Series (CG-373).

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard




4.0125, ARCTIC EAST OCEANOGRAPHIC PROJECT
(OCEANOGRAPHY OF THE BAFFIN BAY REGION)

M.J. MOYNIHAN, U.S. Dept. of Transportation, Oceanographic
Unit, Washington, District of Columbia

The U. S, Coast Guard .y virtue of its operation of all the
icebreakers under the U. S. flag has a definite responsibility for
the support and coordination of polar research, The oceano-
graphic program in the Baffin Bay region has its emphasis on the
description of the physical, chemical and biological features of
Baffin Bay and water exchange through Narres Straits, Jones
Sound, Lancaster Sound, and the Davis Strait. This work is
designed to support and augment the research of the National
Science Foundation, U. S, Navy and other groups working
through the Arctic Institute of North America.

Observations from U. S. Coast Guard icebreakers are limited
to special selected and scheduled projects and to other available
times when these vessels are not engaged in their primary mission
of the support of shorebased defense and scientific installation.

Data from these cruises are avaiiable at the National Oceano-
graphic Data Center. The scientific results, with contributions

from invited scientists, are published by the U. S. Coast Guard in
the Oceanographic Report Series (CG-373).

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

4.0126, ATLANTIC OCEANIC BIOLOGY
C.R. STEPHAN, Florida Atlantic University, School of Engineer-
ing, Boca Raton, Florida (NONR)

The investigator is now integrating the results from the suc-
cessful Research Ships of Opportunity cruise across the Atiantic
Ocean with an evaluation of associated data received from Nu-
merical Weather Facility, Monterey, California, and General Mo-
tors Research Laboratory that can lead to a system for rapid
transmission of data from RSO’s to oceanographic data centers.
During the extension period, improved design studies for RSO In-
strumentation Modules will be concluded.

The Research Ships of Opportunity concept serves as an im-
plement to hydrobiological research by prcviding platforms for a
broad coverage of the open ocean area, an area hitherte sampled
only sporadically. The Navy’s need to know about the charac-
teristics of the surface waters might be served more expeditiously

by this means. Such properties as water viscosity, color, and
plankton density are especially important.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0127, DESCRIPTIVE PHYSICAL OCEANOGRAPHY OF
THE EASTERN TROPICAL ATLANTIC
M.C. INGHAM, U.S. Dept. of Interior, Trop. Atlantic Biolog.
Lab. , Miami, Florida

Objectives: 1. To describe the oceanic circulation and the
distribution of environmental variables in space and time in re-
gions of interest in the eastern tropical Atlantic Ocean. 2. To
locate and describe oceanic features in the physical and chemical
environment which are significant to primary and secondary
production and to the distribution of commercially significant
pelagic fishes.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish.

4.0128, THE EVALUATION AND USE OF SUBMERGED

RESEARCH VELSELS IN STUDYING CONTINENTAL
SHELF ENVIRONMENTS
H.G. GOODELL, Florida State University, Graduate School, Tal-

lahassee, Florida 32306

Two submarines have been constructed by Lutjens; one of
which is completed and is under evaluation as a one-man recon-
naissance vehicle, the other a five-to six-man diver lockout vessel

which will hopefully be completed by June 1969, and it too will
undergo evaluation as a research and reconnaissance . zhicle.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.
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4.0129, PILOT STUDY OF LIMITED PORTION OF
TRADE WIND ZONE OCEANOGRAPHY (DATA AND
DESCRIPTIVE REPORTS)
G.R. SECKEL, U.S. Dept. of Interior, Bureau of Comm. Fishe-
ries, Honolulu, Hawaii 96812

The Trade Wind Zone Oceanography investigation deals
with the mechanisms which change the distribution of properties
and water masses in the area bounded by latitudes 10 degrees N.,
30 degrees N., and longitudes 130 degrees W. and 180 degrees.

A pilot study to test the feasibility of the investigation is in
progress and sampling and processing techniques using a single
ship are to be developed. Results of this development are
presented in data and descriptive reports.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0130, INTERNATIONAL INDIAN CEAN EXPEDITION
PHYSICAL AND CHEMICAL ATLAS
K. WYRTKI, Univ. of Hawaii, Graduate School, Honolulu, Hawaii
96822

When the International Indian Ocean Expedition was
originally planned, it was proposed that atlases containing the dis-
tribution of all data accumulated during the Expedition would be
prepared. This grant will support the production of the oceano-
graphic atlas which will be in two parts and amenable to research
use. Part I will contain the distribution of physical and chemical
properties ct selected levels and along specific sections of the
ocean. Part II will consist of an analysis of all data submitted to
World Data Center A, including property distribution, core layer
analysis, 0xygen, minima and maxima, phosphates, bottom tem-
perature, depth of the mixed layer and intensity of thermocline.

SUPPORTED BY U.S. National Science Foundation

40131, DEEP OCEAN RESEARCH AND DEEP OCEAN
ENGINEERING

S.C. DAUBIN, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543 (NONR)

Objective: This research is part of the long range program to
utilize the deep ocean. It is based on the use of a system centered
about the Deep Research vehicle Alvin. This submersible will
take scientists into the ocean to depths of 7500 ft. for observation
and sample collection. The studies are divided among geology,
biology, geophysics, and engineering. The results will contribute
to the ability to use the deep ocean and the sea floor in support of
the National Purpose.

Approach: The Deep Researcli Vehicle Group at Woods
Hole will operate the system composed of ALVIN and LULU to
make scientific cbservations to depths of 6500 ft. The biologic
studies will encompass life forms and benthic animals that will af-
fect sea floor structures. Additional work on a coherent long
range investigation of the geological structure of the continental
margin and geophysical studies of slope stability and sediment
composition and stability will be undertaken. The moorings of a
deep buoy will be ecxamined. Revisits to sites will provide long
term observations and tests in the various disciplines of occan
science and ocean engineering.

SUPPORTED BY J.S. Dept. of Defense - Navy

4.0132, MEDITERRANEAN OCEANOGRAPHY
A.R. MILLER, Woods Hole Oceanographic Inst. , Woods Hole,
Massachusetts 02543 (N00014-66-C0241)

The purpose of this task is to permit Wooeds Hole research
scientists to pasdcipate in a survey in the Eastern Mediterranean
aboard the Federal Republic of Germany research vessel
PLANET. The primary task will be to determine advective
oceanographic processes taking place in the area. Secondarily,
observations from cloud camera, pyroheliometer, net radiometer,
infra-red and surface microstructure measurements will be taken.
Reduction, analysis and interpretation of the data will be acc-
moplished as a part of the task.

SUPPORTED BY U.S. Dept. of Defense - Navy
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ANTARCTIC PHYSICAL OCEANOGRAPHY

4.0133
C Graduate School,

AL. GORDON, Columbia University,
Palisades, New York 10964

Lamont Geological Observatory of Columbia University
proposes to collect data on physical and geological oceanography
of the southern Pacific and southern Indian Oceans during the
period from approximately December 30, 1967, to August 31,
1968. These data would be taken at hydrographic stations from
on board the Antarctic Research Vessel USNS Eltanin. They
would include the salinity and temperature of the sea water at
known depths, between the surface and the bottom, using both
bathythermographs and a salinity-temperature-depth continuous
recorder. An expendable bathythermographic system would, also,
be used to yield continuous temperature measurements to 700
meters whilé the ship is under way. A structural framework would
lower to the bottom at selected stations. It would incorporate
equipment to produce oriented bottom photographs, make mea-
surements of bottom currents, and take readings on the light-scat-
tering characteristics of the near-bottom water. Lamont Geologi-
cal Observatory would process and analyze these data for dis-
tribution to other interested scientists and institutions and for
deposit in the National Oceanography Data Center. This research
is a continuation of LGO work on the Eltanin Cruises 4 to 27.

Five technicians would be on the Eltanin for eack cruise dur-
ing the period of the grant.

SUPPORTED BY U.S. National Science Foundation

4.0134, WATER MASSES, CURRENTS AND CRIGIN OF
THE ATLANTIC BOTTOM WATER IN THE WEDDEL SEA,
ANTARCTICA
L.R. CAPURRO, Texas A & M University System, Graduate
School, College Station, Texas 77843

Research will be continued by Texas A & M on the physical
oceanography of the Weddell Sea, Antarctica, in the summer of
1968-69, as part of the International Weddell Sea Oceanographic
Expedition- 1969, The research will be carried out on the Argen-
tine icebreaker, General San Martin, and at Argentine Antarctic
research stations. Hydrographic casts will be made at each ship
station for water samples and temperature. In addition, continu-
ous salinity, temperature, and depth measurements, in the upper
part of the water column, will be made with and STD instrument.
The water samples will be analyzed for salinity, pH, and nutrients.
Current measurements will be repeated at the Argentine station,
General Belgrano, for about seven days in 1000 meters of water.

Capurro will join the General San Martin, in Agrentine, with
two research scientists from the United States and two marine
technicians from Argentina. They will stay with the ship
throughout the expedition, until it returns to Argentina. Capurro
and the other two research scientists will then return to the
United States.

SUPPORTED BY U.S. National Science Foundation

4.0135, OCEANOGRAPHIC SURVEY OF CONTINENTAL
SHELF WATERS OFF CHESAPEAKE BAY
J.J. NORCROSS, Virginia Inst. of Marine Sci. , Gloucester Point,
Virginia 23062
Purpose: To acquire a body of data sufficient to describe in
eneral terms the physical processes which occur in Continental
helf waters.

The Institute has been actively engaged in surveys of Con-
tinental Shelf waters since December, 1959. The first surveys
were directed toward determination of the distribution of eggs
and larvae of fish. Oceanographic data were collected during the
three years of the biological survey and the present program is an
outgrowth of the initial surveys.

We occupy a total of 36 stations located on four transects.
The east west transects are positioned on parallels 37 degrees
10N, 37 degrees 00'N, 36 degrees SO'N and 36 degrees 40°N.
Nansen bottles and bathythermographs are used to obtain mea-
surements of temperature and salinity distributions.

We are working toward development of computer programs
which will plot isopleths from the data collected during the
cruises.

This is a continuing program.

SUPPORTED BY Virginia State Government
4H. REMOTE SENSING-SPACE OCEANOGRAPHY

4.0136, ENVIRONMENTAL APPLICATIONS OF PASSIVE
MICROWAVE SENSORS

A.T. EDGERTON, Aerojet General Corporation, El Monte,
California 91734 (NONR-4767(00))

Research is being conducted into the applications of passive
microwave radiometers to the remote sensing of earth surface and
near- surface environments. Laboratory and field studies are
relating the microwave brightness temperatures of many environ-
ments, including snow and ice, sea ice, soils and sediments, and
beach and near-shore localities to a variety of frequencies and ob-
servation conditions.

By evaluating the effectiveness of this type of terrain sensor,
progress is being made toward exploitation of the high potential
of passive microwave radiometers to operate in day/night, all
weather conditions, to detect anomalous materials below the
earth’s surface, and to discriminate between materials of differing
dielectric constants such as ice, water, or soil.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0137, APPLICATION OF METEOROLOGICAL SATEL-
LITE SENSING TO GENERAL CIRCULATION MODELS

Y. MINTZ, Univ. of California, Graduate School, Los Angeles -
U.C.L.A. , California 90024

Objective: To determine which of the sensing devices
presently used on Minbus and ATS and proposed for future
spacecraft will give the best numerical weather prediction when
used to determine the initiai conditions, and the utility of non-
synoptic data in the numerical prediction procedures.

Approach: A program of testing various types of input data
from hypothetical satellite instrumentation in large ccmputer
runs of numerical atmospheric models will be carried out. This
will include the preparation of a numerical weather prediction
procedure and program for experiments with non-synchronous
wind and temperature data from such sources as the horizontal
sounding balloon systems of the FR-2 (Eole) and Nimbus IRLS
Experiments and the Nimbus Infrared Interferometer Spectroine-
ter (IRIS) inferences of vertical temperature profiles in the at-
mosphere. Simulation runs will be made on a computer prior to
the actual satellite launches, and real data from FR-2 and other
meteorological systems will be used in the future.

During this period, the Mintz-Arakawa numerical model for
simulating atmospheric experiments was revised to include more
complicated processes and, thus, more closely reflect the
behavior of the true atmosphere. Of the many revisions, two are
especially notable: (1) the evaporation of water from the oceans
and the condensation of water vapor in the atmosphere have for
the first time been treated explicitly, thereby improving the simu-
lation of these important thermodynamical effects and (2) the
horizontal grid spacing of the two level model has been reduced
from 1 degree latitude to 9 degrees longitude to 4 degrees latitude
x 5 degrees longitude, thus improving the model’s ability to
represent smaller scale atmospheric disturbances.

The new model was used to investigate the dispersion of con-
stant level balloons in a simulated satellite-balloon horizontal
sounding system. The results show that the unrealistically strong
Hadley ceils which swept the balloons out of the tropics in the
former model no longer predominate, resulting in a more nearly
random distribution of balloons everywhere for a period of the
order of one month. These investigations are encouraging in the
development of such systems as the Nimbus IRLS and Interna-
tional FR-2 satellite -balloon experiments.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0138, CLOUD PATTERNS RELATED TO SELECTED
CIRCULATION SYSTEMS IN EASTERN PACIFIC
S.M. SEREBRENY, Stanford Research Institute, Menlo Park,

California
Technical Objective. Certain characteristic cloud patterns

scen in satellite photographs tend to accompany circulation pat-




terns such as frontal systems, pressure systems vorticity centers
and jet streams. Project objective is to establish relationships
between cloud patterns and selected circulation systems and
synoptic situations over the eastern Pacific and western United
States, to obtain increased compztence in photo-interpretation
for use in weather analysis.

Approach. Satellite cloud photographs used in this study
cover the area defined by 15 degrees N-40 degrees N and 95
degrees W-145 degrees W, but conventional analyses relating to
these photographs will extend well outside these limits. Results
under this extension will be based on 10 cases (days). Analyses
and data reductions, using th : surface, 500mb, 300mb, 200mb
ct. -ts and 1000-500mb thic..ness charts, will be based on all
available data, including pilot reports, satellite data, radarscope
photographs and upper air soundings. The very heavy rainstorn of
January 20-21, 1967 over southern California, and the persistent
pronounced thunderstorm activity over the western states in June
1967 form the subject of most of this study. Distinctive cloud pat-
terns in the satellite photographs will be systematically examined
and related to the corresponding weather data from conventional
sources. Ten selected case studied will be prepared under this
contract.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

4.0139, HYDROLOGIC OPTICS - SPACELIGHT SPEC-
TROSCOPY
J.E. TYLER, Univ. of California, Graduate School, San Diego - La
Jolia, California 92033

It is proposed, by means of spectroradiometric measure-
ments of the space light generated by muitiple scattering of natu-
ral light underwater, to determire the spectral composition, ab-
solute magnitude and band width of the radiant flux available for
photosynthesis underwater; to measure spectral values of vector
and scalar jrradiance underwater; to determine spectral values of
the distribution factor, the reflection factor, and the absorption
coefficient for ocean water; to determine spectral values of the
diffuse attenuation coefficient; and to employ these data for the
purpose of describing and comparing water masses, studying the
interrelation between radiant energy and biological activity un-
derwater, the monochromatic contrast between contiguous water
masscs and the effect of surface reflections on this contrast.

SUPPORTED BY U.S. National Science Foundation

4.0140, DETECTION AND CLASSIFICATION OF FISH
AND MINERAL OIL SLICKS BY REMOTE SENSING FROM
ORBITAL ALTITUDE

A.R. BARRINGER, Barringer Rescarch Limited, Rexdale - On-
tario, Canada

Oil slicks are caused by schools of fish, pollution and under-
sea oil deposits. For ocean resource evaluation and pollution con-
trol purposes, it is desirable to classify oil slicks.

The study was confined to the ultraviolet region of the spec-
trum because of the interesting ultraviolet absorption properties
of the fish 2nd mineral oils. We measured the ability of optical in-
struments to detect and differentiate different types of oil films,
The polarization reflection effects were computed of the air-oil-
water interface with the effects of absorption in the oil taken into
account. The effects of the sea’s surface was investigated in order
to determine what angular effects were caused by the waves with
respect to the polarization effects and the reflection qualities.

The results of the study show that the fish oils can be readily
classified by a multi-band photometric system based on the ab-
sorption spectra when the oil sample is viewed in transmission. In
reflection the oils are not readily detected or classified in the ul-
traviolet region of thie spectrum. Fish oil slicks are not always
discernible in the visible region, as is the case for mineral oil
slicks. Minera! oil slicks are readily detected and identified by
their increased reflectivity whereas the fish oil slicks which do not
have a large increase in reflectivity over that of sea water, are not
as detectable. The ultraviolet reflection properties of the fish oiis
make detection and identification very difficult. The most promis-
ing area for remote sensing appears to be the thermal IR due to
the expected temperature differences in the region of fish oil
slicks. Further work should investigate the energy exchange

4. SURVEY AND PREDICTION

mechanisms at the fish oil ocean interface and make experimental
measurements with iR thermal sensors over the ocean.

It is believed there is a good possibility for developing an in-
frared scanner incorporating spatial filtering which will be able to
dlis.criglinate fish oil slicks on the surface ¢ the ocean from orbital
altitudes.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0141, RESEARCH NEEDS FOR REMOTE SENSING OF
THE ENVIRONMENT

EM. RISELY, Natl. Academy of Sciences, Washington, District
of Columbiv

A general study of the field of remote sensing of environment
is being conducted by the NAS-NRS Committee, to determine the
status of sensor technology and its application to research on the
earth’s environment, to provide guidance for the development of
a stronger national program of research in this field, and to con-
centrate effort on specific problem areas,

Needs for large quantities of information on a wide range of
earth environments are greater than ever. While techniques of
multispectral sensing, e.g. visible, infrared, radar, and passive
microwave sensing systems, are advancing very rapidly, there is a
serious lag in the applications of these techniques that provides
coordination of efforts at the highest scientific and governmental
levels, and points the way to the fastest and most effective
achievement of the required research objectives,

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0142, REFLECTIVITY AND EMISSIVITY STANDARDS
J. RICHMOND, U.S. Dept. of Commerce, Natl. Bureau of Stan-
dards, Washington, District of Columbia

The technical objectives of this project are (1) to develop ac-
curate and precise procedures for measuring thermal radiation
properties of materials, particularly over the wavelength range of
0.2 to 40 millicrons, and (2) to select and calibrate standards of
reflectance and emittance over the same wavelength range, and at
temperatures from room temperature to 2000 K or above. The
most important thermal radiation properties to be worked on are
reflectance and emittance (emissivity). Such methods and stan-
dards are needed for radiant heat transfer computations, particu-
larly in the space program, and in connection with infrared recon-
naissance, particularly by D.O.D., and for remote infrared sensing
as used by the Weather Bureau and Geological Survey. Major ef-
fort will be concentrated on (1) adapting existing equipment to
use an available interferometer spectrometer as the monochro-
mator-detector in thermal radiation preperty measurement, and
(2) studying materials in an effort to find suitable standards of dif-
fuse reflectance in the desired wavelength ranges.

The interferometer spectrometer has the potential of greatly
increasing the precision of measurement and extending the
wavelength range of thermal radiation property measurements.
The spectrometer will be evaluated with existing auxiliary equip-
ment, modified if necessary to overcome its limitations, or new
equipment will be designed and built to exploit its advantages and
overcome its limitations.

SUPPORTED BY U.S. Dept. of Commerce - N.B.S.

4.0143, RELATION OF SATELLITE DATA TO LARGE
SCALE ATMOSPHERIC CIRCULATION AND ENERGETICS
J.S. WINSTON, U.S. Dept. of Commerce, Meteorology Satellite
Lab. , Washington, District of Columbia

Technical Objectives. (a) Study of the temporal and spatial
variations in long and short-wave radiation. (b) Examination of
the relationship of the radiation patterns to the state of the large-
scale circulation in the Northern Hemisphere; e.g., it is important
to determine quantitatively how radiation patterns vary with the
latitude and strength of the zonal Westerlies, within the planetary
waves and also within the smaller scale waves. (c) Where exten-
sive temperature data are available (i.e., the Northern Hemi-
sphere) computation of the generation of available potential
energy on various scales and for various regions using observed
distributions of infrared and reflected solar radiaticn. (d) In-
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vestigation of the strength, location, and time variations in the in-
tertropical convergence zone the subtropical anticyclones, and
other large-scale circulation features of tropical and extratropical
regions in both hemispheres, through utilization of satellite data
as indicators of broad-scale dynamic processes in the circulation.
From such studies more can be learned about the interactions of
the circulation between the hemispheres.

SUPPORTED BY WU.S. Dept. of Commerce - £.S.S.A.

4.0144, REMOTE SENSING OF ESTUARINE WATER
AND VEGETATION, MARYLAND

R.R. ANDERSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Washington, District of Columbia

Purpose: To determine which film or film-filter combinations
will provide the most information in aerial reconnaissance of
estuaries ecosystems.

Methods: Correjate physical and chemical aspects of the
estuarine environment with photographic and imaging charac-
teristics on various types of filins. The ultimate goal of the project
is to be able to identify major plant communities associated with
estuaries and evaluate water quality conditions both directly and
indirectly using indicator plant species as a guideline.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0145, OIL LEAKS AND SLICKS
W.A. FISCHER, U.S. Dept. of Interior, Fed. Water Pol. Contr.
Adm. , Washington, District of Columbia

Objective: Purpose of the study will be to determine the
feasibility of detecting oil escaping from sunken wrecks and being
discharged from other vessels in inland and near-shore areas by
the use of remote sensors in aircraft and in spacecraft, and to
apply knowledge gained toward the modification and design of
equipment to perform the: required tasks,

Approach: Studies will be performed based on data to be
acquired in the ERA Program from Gernini and from other past
and future missions for data by earth pointing space observational
systems. Primary instruments will be photographic cameras with
varied film and flter combinations, ultraviolet and infrared
scanning spectrometric and imaging systems, and absorption
spectroscopy instruments.

Success in these studies would be of vital importance toward
the protection and preservation of human life against explosion
and fire hazards, the protection of recreation areas, fisheries,
shore and marine birds, and sources of water supply against con-
tamination and ruin.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0146, APOLLO TEST SITE EXPERIMENT
C.J. ROBINOVE, U.S. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Objective: Determine the use of sensors in Apollo applica-
tions experiments for hydrologic uses such as estuarine hydrau-
lics, lake development, ground-water exploration, snow-field
hydrology, and water pollution.

Approach: Based upon the results of aircraft testing of sen-
sors and use of aircraft data in the above fields of hydrology,
selected testsite investigators will extrapolate their results to
larger areas of the United States and other countries and will
design data-use experiments for support of selected sensors in the
Apolle Applications Program. The data-use experiments will also
include requirements for spatial and spectral resolution, frequen-
cy of target coverage, and other instrument znd mission parame-
ters constraining the use of the data.

Status: Previous data-use experiments submitted to NASA
(i.e., photographic, radar, and infrared) will be updated in their
requirements, new test sites will be chosen, and new investigators
will be selected. Success of this effort will depend upon both the
success of aircraft data-use experiments and future plans of
NASA in the Apollo Applications Program.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.
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4.0147, WATER PHYSICS AND CHEMISTRY
CJ. ROBINOVE, US. Dept. of Interior, Geological Survey,
Washington, District of Columbia 20242

Approach: Conduct theoretical, laboratory, and empirical
(test- site) investigations of the responses of water bodies to ac-
tive and passive remote sensing. For example, 1) determine the
use of infrared radiometry and imagery for measurement of
evapotranspiration, 2) determine the extent {0 which quantitative
measurements of thermal pollution can be made by use of in-
frared imagery, 3) evaluate the use of photography and imagery
for mapping the hydrodynamics of estuaries and lakes, 4) assess
th7 use of lasers in water-quality data collection and 5) investigate
the use of simulated juminescence detectors in hydrodynamic
mapping.

Status: Several projects are in operation in '68 FY; one re-
port is being transmitted to NASA, several others are in prepara-
tion. Basic infrared imagery investigations have been successful
and are leading to more detailed investigations of the use of in-
frared imagery. Combinations of pliotography and imagery are
ﬁrovﬁmg to be highly useful in mapping current patterns and

ydredynamic features in water bodies.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0148, AERIAL SEA SURFACE TEMPERATURE SUR-
VEYS OF U S. COASTAL WATERS

M. LIGHT, U S. Dept. of Transportation, Oceanographic Unit,
Washington, District of Columbia

Since 1963, the U. S. Coast Guard has furnished aircraft ser-
vices to the Bureau of Sports Fisheries and Wildlife in support of
monthly sea surface temperature surveys of U. §. coastal waters.
Temperature data collected during these surveys are utilized in
ecological studies; specifically to help explain the influence of
temperature on the distribution of migratory fishes and upon
seascnal eycles of ocean productivity. Charts are issued at the end
of each series of flights, depicting the flight paths and contours of
surface isotherms.

The standard U. S. Coast Guard search and rescue aircraft,
the Grumman HU16E is being used for these operations. Surface
water temperatures are detected with a Barnes infrared ther-
mometer sensor aimed through a small hatch in a rear window. A
moving strip chart recorder is used to record temperature
readouts.

Monthly survey flights are made over coastal waters along
the East Coast between Cape Cod and Miami, and along the West
Coast between the Vancouver Islands, British Columbia and
Northern Raja California, Mexico.

During FY-1970, plans are for the U. S. Coast Guard to as-
sume primary responsibility ror the program. Eventually, it is
planned to expand the present monthly flight coverage to include
Sable Island to Key West along the East Coast, Alcutian !slands to
Baja California, Mexizo along the West Coast, the Bering Sca, the
Gulf of Mexico, and the Great Lakes.

SUPPORTED BY U.S. Dept. of Transportation - Coast Guard

4.0149, FISHERIES RESOURCES IDENTIFICATION AND
ASSESSMENT

J.W. SHERMAN, U.S. Navy, Oceanographic Office, Washingion,
District of Columbia

OBIJECTIVES: (1) To develop the applications of remote
sensors to locate (directly or indirectly) and quantify commercial
fisheries stocks and (2) determine the methods for integrating
these results into a fisherics research, development, and forecast
program.

APPROACH: (1) Obtain and analyze cclor photography by
color separation techniques for locating fish schools and/or fish
environments, (2) Study the applications of multi-spectral
photography acrial fishery surveying, (3) Study tke feasibility of
spectroscopy and spectrophotometry for locating fish and fish oil
slicks, and (4) Determine the effectiveness of three color
microdensitometry to assess aerial photographs of fish schools.
Scnsors - a. Color Photography; b. Multi-band Photography; c.
Spcctrometers; d. Spectrophotometers; e. Infrared Scanner; f.
Multi-spectral Scanner. Proposed Contractor - Bureau of Com-
mercial Fisheries - Sub-Contracts: Philco-Ford (Ross) - Barringer
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PROBLEM ADDRESSED: There is evidence that fish
schools can be detected from aerial and space photography. The
use of spectrometers and spectrophotometers to detect fish, fish
oils, chlorophyll, and water coior correlation need to be tested
and evaluated. The techniques of optimum analysis by color
enhancement, color slicing, densitometry, and spectral corela-
tions needs to be studied. Specfically, spectral bands need to be
determined for: a. maximum contrast of fish schools and
background; b. optimum depth penetration; c. spectral
reflectance difference for various species and surrounding media,
and d. target to background contrast for different water masses.

BENEFITS: The demand for fish and fish products is dra-
matically increasing each year. Per capita consumption based on
population and income projections indicate the demand will in-
crease 134% by the year 2000. The constraints of shipboard and
airborne searching can be reduced using space as a search tool to
supplement present methods.

OTHER SUPPORT: 1. NASA aircraft - photography and in-
frared data; 2. Shipboard Ground Truth (BCF ships);

OTHER EFFORTS: 1. TRW Systems Spectrophotometer;
Philco-Ford color photography enhancements; 3. MIT color
photo work; 4. WHOI studies; 5. NAVOCEANO Research Air-
craft studies.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0150, FISHERIES OCEANOGRAPHY AND ENVIRON-
MENTAL, ASSESSMENT AND PREDICTION

J.W. SHERMAN, U.S. Navy, Oceanographic Office, Washington,
District of Columbia

OBJECTIVES: (1) To determine the effectiveness of
presently available remote sensing instruments to supply per-
tinent data or marine fisheries; (2) to evaluate those remote
sensing techniques which have the ability to indirectly locate,
identify, and quantify fisheries stock.

APPROACH: (1) To define ocean environmental features
pertinent to fisheries using ground truth measurements concur-
rent with aircraft and/or spacecraft oveiflights of the following
oceanic phenomena: (a) wind slicks, (b) bioluminescence, (c)
oceanic fronts and productivity, (d) thermal-biological aspects,
(e) upwelling, and (f) divergence/convergence zones. (2) Com-
pilation of comprehensive bibliographies related to remote
sensing of fisheries environments and automated handling of
space and aerial acquired data. (3) Analyze ATS and APOLLO
imagery for oceanic phenomena related to fisheries. (4) Study
telemetering of environmertal data related to fisheries.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0151, SPECTRAL SIGNATURES OF FISH SCHOOL
IDENTIFICATION
J.W. SHERMAN, U.S. Navy, Oceanographic Office, Washington,
District of Columbia

Approach: Lab tests cver known fish samples will continue to
be tested. In addition an airborne version of the spectrometer will
be flown in the NASA aircraft concurrent with surface vessels
taking surface fish and oil slick samples. Spectrometer signatures
of fish oils and vapors will be cataloged. Feasibility for
spaceborne application of spectrometer will be studied. a. Sensors
- Airborne adaptaticn of absorption spectrometer. b. Proposed
Contract - Barringer Research Ltd., Toronto, Canada. c. Alloca-
tion of Resources - Professional Manpower, 35%; Equipment,
35%: Overhead, 30%.

Problem Addressed: A previously funded NASA (SPOC)
study has indicated a uniquz application of Barringer’s correla-
tion techniques for identification of various fish and mineral oil
on water surfaces. The work was confined to the UV portion of
the spectrum but should be expanded to include the near IR. The
remote detection and identification of fish oil slicks needs to be
tested from aircraft to establish possible feasibility from space.

Benefits: Remote determination of fish vs. mineral oil slicks
and subsequent delineation of fish scliools.

Other Support: a. Shipboard ‘Ground-Truth’ Equipment -
werk in conjunction with Bullis at BCF, Pascagoula, Mississippi.
b. 2-3 test flights with NASA aircraft during FY 69-70 likely.
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Other Effort: Final report from FY 67 studies received in
February 1968. Support for UV measurement of major reflective
differences in fish and mineral oils supported by 45K NASA
(SPOC) contract will continue thru 1968 and 1969 with emphasis
toward airborne testing of spectrometer.

Length of Time for this Study to Provide A Spacecraft vs Air-
craft Capability: Determination of feasibility should be completed
within two years.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0152, FLIGHT TESTING OF HIGH PERFORMANCE
wg'll‘g-ll:dANGE IMAGE SPECTROPHOTOMETER (WISP)
SYSTE

J.W. SHERMAN, U.5. Navy, Oceanographic Office, Washington,
District of Columbia

OBJECTIVE: (1) To develop an optical system expressly to
perform objective remote water color measurements, (2) to
gather data via airborne flight tests to proceed with the develop-
ment of the WISP (Wide-Range Image Spectrophotometer) into a
space qualified system, (3) To gain experience in the operation of
the WISP system and associated data collection and reduction,
(4) To perform an experimental investigation of ocean color mea-
suring requirements.

PROBLEM ADDRESSED: Accurate charting of ocean color
can be correlated to depth plankton content, chiorophyll, sedi-
ment, pollution, etc. The TRW study is addressed to developing
the instrument, operation, and data processing requirements
needed to give the oceanographer an analytical tool to observe
and assess the ocean by color mapping.

BENEFITS: The color of ocean water in the past has not
been raeasured objectively. Secchi disks and a 10-point Forel
color scale have been used to describe ocean color. These
methods are highly subjective and dependent on various human
eye estimates to Jelineate a broad color band in the visible spec-
trum. An objective method of accurately noting ocean color nu-
merically in narrow bands opens up 2 whole new field for cor-
relating ocean color to ocean properties. Furthermore, TRW
proposes to plot and contour ocean color via computer
techniques with ‘surface truth® available; the study of chemical,
biological and sediment content; depth slicks, water mass delinea-
tion; fresh/saline water ratios and other ocean properties to ocean
color could be a major ocean measurement tool. The color of
water is known to be applicable to fisheries locations (water mass
boundaries, upwelling, etc.) Rapid global assessment of water
color in oceanography should advance knowledge thru color cor-
relations--the applications to oceanography seem particularly ap-
propriate because its dynamic and changing character require the
rapid, broad, and repetitive coverage affordzd by space vehicles.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.&1)5‘3, INFRARED RADIOMETRY FOR SURFACE HEAT
F

J.W. SHERMAN, U.S. Navy, ¢ yeanographic Office, Washington,
District of Columbia

Objective: (1) To determine a technique of measuring the
total heat flux from the sea using two-wavelength infrared
radiometry. (2) To establish the feasibility of using this technique
on an airborne platform.

Approach: a. Sensors - A two-wavelength infrared radiome-
ter system owened by Scripps Institution of Oceanography 3.5-
4.05 microns; 4.45-5.1 microns. b. Contractor - Scripps Institu-
tion of Oceanography. c. Allocation of Resources - This effort is
supported by the Office of Naval Research (1/3), the National
Science Foundation (1/3), and the NASA ERS Spacecraft
Oceanography Project.

Problem Addressed: Prominent oceanographers such as Pier-
son and Meumann (NYU) and M. Timofeev (USSR) recognize
the importance of establishing a direct method of measuring heat
flow from the ocean surface. Pierson and Neumann note ‘the
work of McAlister and others who have contributed to the
development of this (infrared radiometry) technique thas
profound implications in both oceanography and meteorology.’
Timofeev says ‘The use of infrared techniques in the determina-
tion of the temperature gradient in a surface water layer was first
suggested and realized by McAlister.*

s a
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SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0154, REMOTE SENSOPR. SYSTEMS INTERGRATION
AND PRESENT OPERATIONS DESCRIPTION

J.W. SHERMAN, U.S. Navy, Oceanographic Office, Washington,
District of Columbia

OBJECTIVE: (1) To describe and analyze the present com-
mercial method in the mission of searching for and capturing fish;
(2) To evaluate the role of air and spaceborne remote sensors and
define their optimum applications for this mission.

APPROACH: A thorough study ¢ operational procedures
and techniques of commercial and otiser fishermen in locating
and capturing fish will be made. The rcle of the environment and
its prediction will be carefully analyzed. The optimum applica-
tions of remote sensing systems to the fishing environment and
fishing operation will b evaluated and defined. a. Sensors - a. In-
frared Radiometry; b. Photography; c. Spectrophotometry; d.
Spectroscopy.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

4.0155, AIRBORNE REMOTE SENSING OCEANOG-
RAPHY PROJECT
J.C. WILKERSON, U.S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

Objective: Develop and implement Navy-wide plan to
produce improved remote sensors for all-weather airborne and
spacecraft-borne ocean surveys. Convert NAVOCEANO aircraft
to multi-purpose oceanographic/hydrographic and geophysical
aircraft. Conduct airborne remote sensing experiments.

Approach: Evaluate DOD, NASA, ESSA oceanographic
satellite programs; conduct laboratory and field experiments in
conjunction with the above programs to acquire and interpret
ocean data from spacecraft and aircraft. Identify potential
methods for integrating ocean data from spacecraft and aircraft
into Navy systems. Conduct experiments from aircraft on an op-
portunity basis to evaluate oceanographic applications of remote
sensing techniques for use in Navy ocean projects. Collect,
analyze, and disseminate acquired data and publish scientific and
technological conclusions.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0156, EXPERIMENTAL SEA ICE OBSERVATIONAL
TECHNIQUES
W.1. WITTMANN, U.S. Navy, Oceanographic Office, Washing-
ton, District of Columbia

Objective: To develop and apply airborne/satellite remote
ensor systems, observation procedures and imagery interpreta-
tion techniques, surface telemetering sensors, and data acquisi-
tion methodology for observation of sea ice features, motion,
deformation, and related environmental parameters,

Approach: Coatinue development, test, and evaluation of:
(1) remote sensing systems, observation procedures, data collec-
tion methodology, and imagery interpretation techniques; (2) In-
terrogation, Recording and Location System (IRLS) by agree-
ment with ONR, in conjunction with NASA NIMBUS satellite.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0157, SPACECRAFT OCEANOGRAPHY
H.J. YOTKO, U.S. Navy, Oceanographic Office, Washington, Dis-
trict of Columbia

Objective: To provide manpower for managing and conduct-
ing research studies in the use of remote sensing techniques ap-
plicable to oceanography and marine technology. To define suita-
ble instrumentation and air and/or spaceborne platforms for
aceanographic observations and measurements through research
and experimentation.

Approach: The Spacecraft Oceanography Project provides a
small highly trained scientific management staff to plan and direct
in-house and contractual studies to carry out the objectives of this
work unit. In addition to research studies by nationally known
;pecialists, a program to conduct and coordinate laboratory and
teld experiments, using NASA, DOD, university, and industrial
remote sensing aircraft and laboratory facilities is carried out.

The Project documents the results of studies and experiments
funded by NASA/Navy SPOC Project as well as related work not
funded through the SPOC Project.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0158, RESEARCH FLIGHT FACILITY
H.J. MASON, U.S. Dept. of Commerce, Research Flight Facility,
Miami, Florida

Specially instrumented aircraft consisting of two DC-6s, one
C- 54, and one Martin B-57 are maintained and operated to ob-
tain in-flight measurements of meteorological parameters in sup-
port of the research of the Research Laboratories, other govern-
ment agencies, and non government organizations whose
research is government supported. Much of the flight activities is
in support of the research of the National Hurricane Research
Laboratory, the National Severe Storms Laboratory, and the Ex-
perimental Branch of the Atmospheric Physics and Chemistry
Laboratory. The Facility also develops meteorological instru-
ments for measurements from aircraft in response to research
requirements of the above groups, and has the responsibility for
installation of special equipment used by the various research
groups.

SUPPORTED BY U.S. Dept. of Commerce - E.S.S.A.

4.0159, REFRODUCTION AND FECUNDITY OF TUNAS
W.J. RICHARDS, USS. Dept. of Interior, Trop. Atlantic Biolog.
Lab. , Miami, Florida

This study will attempt to gair. knowledge of the spawning
behavior of the Atlantic tunas through analysis of the growth of
ova after the methods developed by Thompson, Clark, Shaefer,
and June. Randomized samples of the ovary are weighed, the ma-
ture dova present are then enumerated, and the fecundity com-
puted.

This study was begun in FY 196€ with the study of gonad
samples from yellowfin and skipjack tuna captured on
GERONIMO and UNDAUNTED tuna-oceanography surveys
and from shore-based sampling at Puerto Rico and West Africa.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0160, REMOTE SENSING, GULF COASTAL AREA,
CENTRAL FLORIDA

R.N. CHERRY, U.S. Dept. of Interior, Water Resources Division,
Tallahassee, Florida

Purpose - To develop criteria utilizing remote sensing
techniques to identify areas where fresh water is likely to occur in
an aquifer in near-shore areas.

Methods - An aerial survey will be conducted to sense the
thermal contrasts of aquifer and sea water under at least four con-
ditions- during high and low tides in a period when fresh water
stages are high and during high and low tides when fresh water
stages are low.

Water temperatures, water velocity, and specific con-
ductance of water from submarine springs previously located will
be determined. The water ztages of fresh water and sca water will
be recorded. These determinations will be compared with remote
sensing data which indicate submarine discharge and the relative
position of the zero piezometric contour.

SUPPORTED BY U.S. Dept. of Interior - Geological Su;vey

4.0161, EVERGLADES AREA,
FLORIDA

M.C. KOLIPINSKI, U.S. Dept. of Interior, Water Resources Divi-
sion, Tallahassee, Florida

Purpose: To determine the relations between water condi-
tions and biological populations in the Everglades by interpreta-
tion of airborne data and to develop new applications in natural
resources research for data from remote sensors.

Methods: Spectral reflectance measurements of floral com-
munities and water will be obtained using an airborne 18-channel
optical- mechanical scanner. The data will be accumulated in a
form that wiil allow use of a computer to identify and map the dis-
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tribution and amount of selected communities. Remote sensing
data will be examined for potential in: detecting plankton blooms,
locating alligator holes, and estimating populations of large
animals.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0162, EXCITED IN
PHOTOBIOLOGY

w.D. MCELROY, Johns Hopkins University, Graduate School,
Baltimore, Maryland 21218

Technical Objective: To expand level of support of
photobiology into mechanism of bioluminescence, chemilu-
minescence involving molecular oxygen; fluoresence polarization
in analysis of protein and polypeptide structure, quenching, in-
vestigation infra-red emission of highly conjugated molecules;
biological reactions initiated by light.

Approach: Design and construct specialized high sensitivity
photon detection equipment for visible and infrared regions of the
spectrum; investigation evolutionary aspects of bioluminescence.
Studies of energy transfer and oxygen photochemistry; construc-
tion equipment to measure excited state short lifetimes (1-10
nanoseconds).

Progress: 2. b. d. e. of the formation of excited states of
molecules as the result of chemical transformation of energy, with
particular attention to mechanisms of bioluminescence, chemilu-
minescence, quantitative measurement of quantum yields and
emission spectra of fluorescence and bioluminescence.

SUPPORTED BY UJ.S. Natl. Aero. & Space Adm.

STATES MECHANISMS

4.0163, AIR OCEANOGRAPHY
G. EWING, Woods Hole Oceanographic Inst. , Woods Hole, Mas-
sachusetts 02543 (N00014-66-C0241)

This task is concerned with the development and utilization
of aircraft and satellites in studies of oceanic phenomena. This
year emphasis is upon the development of a free floating buoy
system for the Nimbus IRLS experiment to be flown in spring
1968. The feasibility of tagging and monitoring daily the location
of an eddy shed from the Guif Stream by satellite will be deter-
mined. This also will complement work concerned with the
dynamics of such eddies.

The capability to obtain environmental data from airborne
sensors has potential for providing such information to Naval
ope'rlatg?ns rapidly and in areas where it might not otherwise be
available.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0164, SENSING OF ENVIRONMENT
G. ZISSIS, Univ. of Michigan, Institute of Sci. & Technology, Ann
Arbor, Michigan

This task consists of research on remote sensing environment
determination of state-of-the-art, and dissemination of knowledge
and techniques through interdisciplinary symposia where
progress in the field of remote sensing is facilitated by exchange
of information among environmental scientists, physical
scientists, engineers, and instrument specialists.

The increased understanding of emission and reflection of
eleciromagnetic energy from the earth’s surface, when coupled
with the vast quantities of environmental data which can be ob-
tained with remote sensing systems, will greatly improve our abili-
ty to rapidly assess actual ground conditions in land, water, and
air environments.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0165, EFFECT OF TEMPERATURES AND CIRCULA-
TION OF CONTINENTAL SHELF WATERS ON THE DIS-
TRIBUTION OF FISHES
R.B. STONE, U.S. Dept. of Interior, Sandy Hook Marine Lab. ,
Highlends, New Jersey

Description of Work: Conduct monthly aerial sea surface
temperature surveys over Atlantic Shelf from Cape Cod, Mass., to
Cape Fear, N.C. in Coast Guard aircraft. Additional flights will be
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made when necessary to compliment game fish research in other
areas of the Atlantic shelf. Flights will be coordinated where
possible with cruises of research vessels to obtain reference sur-
face and subsurface temperature data. Monthly isotherm charts
will be produced and will include observations of fishing vessels,
surface schooling fishes, large pelagic fish, marine mammals and
other marine animals. An attempt will be made to correlate the
catches of migratory game fish by sport and commercial fishing
vessels with observed sea surface temperature patterns. Surface
and bottom current drifters will be released at 10- mile intervals
along transects normal to the coastline.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

4.0166, MULTISPECTRAL SENSING OF COASTAL EN-
VIRONMENTS

E.P. YOST, Long Island University, Graduate School, Brookville,
New York (N00C14-67-C-0281)

A four-band airborne multispectral photographic system is
being tested for its ability remotely to determine shallow water
depths, bottom characteristics, and other aspects of coastal and
near-shore environments. Films and filters have been selected so
that blue, green, red and infrared portions of the spectrum are
being sampled for the remote sensing tests. Camera, insiruments
and test targets have been calibrated, prior to ground and air
borne field testing of the system over controlled coastal test sites.

The improvement of multispectral sensing techniques result-
ing from this research has direct application to a wide range of
remote environmental envestigations. Faster, more accurate
methods of determining beach characteristics, presence of un-
derwater obstacles, and depth of shallow water will assist opera-
tions in coastal environments.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0167, PROJECT AQUA-MAP - DEVELOPMENT OF
AERIAL PHOTOGRAPHY AS AN AID TO WATER QUALI-
TY MANAGEMENT

G.J. NEUMAIER, Cornell Aeronautical Lab. Inc. , Buffalo, New
York 14221

In this program, laboratory experiments were performed to
determine the feasibility of using aerial photographic techniques
for water resources research; in particular, for detecting, classify-
ing and measuring concentrations of effluents. The spectral
reflectance characteristics of several effluents were measured and
suggestions were made for optimizing the detection and identifi-
cation of these discharges. In addition, factors influencing the
selection of sites for aerial photographic experiments were
analyzed. The Finger Lakes and Lake Chautauqua were con-
sidered as well as the Niagara Frontier. The study indicated that it
is feasible to enhance the photographic contrast of discharges
with respect to their backgrounds, and with appropriate controls,
to use spectral signatures for classifying types of discharges and
for measuring concentration over certain ranges.

Phase II: In this phase of the AQUA-MAP program, aerial
photographic flights are being conducted in the Buffalo area over
the Niagara River and Tonawanda Creek. The types of discharges
imaged are being studied in the laboratory under controlled con-
ditions. Additional laboratory measurements have been made of
the spectral reflectance characteristics of water samples taken
from the Niagara River and Tonawanda Creek to supplement the
data obtained during Phase 1 on discharges. .

Theoretical investigations into the mechanics of scaitering by
polluted aqueous solutions are being examined. Laboratory and
aerial validation of the theory are being perforined, the intent
being to allow a realistic model of the polluted bodies of water to
be created. Such a model will serve to aid the identification of
pollutants via aerial photographs and also indicate the limitations
of remote sensing analysis.

SUPPORTED BY New York State Government

4.0168, REMOTE SENSING OF DELAWARE ESTUARY
R.W. PAULSON, U.S. Dept. of Interior, Water Resources Divi-
sion, Harrisburg, Pennsylvania 17104
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Purpose: To determine effectiveness and feasibility of remote
sensing devices in estuarine hydrologic investigations,

Methods: A series of remote sensing data collection missions
will be flown over the Delaware estuary by NASA and USGS air-
craft. Sensitivities of sensors to water quality variations will be
treated initially. Subsequent missions will be based on initial
findings.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0169, COORDINATION OF ESTUARINE REMOTE
SENSING IN ATLANTIC COAST REGION

R.W. PAULSON, U.S. Dept. of Intericr, Water Resources Divi-
sion, Harrisburg, Pennsylvania 17104

Purpose: To provide an overview of Atlantic Coast estuaries,
now that it is practical to photograph or sense at frequent and
regular intervals large areas of the earth’s surface from space. To
develop a program and modi operandi for studying estuaries and
groups of estuaries from space.

Methods: Photographs, remote sensing data and other infor-
mation from individual remote sensing projects will be compiled,
collated, and coordinated to formulate an optimal synoptic ap-
proach to the study of the hydrology of estuaries from space.

SUPPORTED BY U.S. Dept. of Interior - Geological Survey

4.0170, REMOTE SENSOR OCEANOGRAPHY
L.R. CAPURRO, Texas A & M University System, Graduate
School, College Station, Texas 77843 (NONR)

The basic areas of research of this task are: (a) to develop
techniques whereby oceanographic features peculiar to the Mis-
sissippi Delta area may be investigated by using remote Sensors;
(b) to develop techniques for making conclusions about the
character of the sea surface vtilizing aerial and space photographs
of clouds as well as other imagery of them including NIMBUS, IR
and TV; (¢) to develop methods of determining sea surface tem-
perature patterns from IR imagery and radiometry in the presence
of random, transitory cloud systems partially interfering with the
field of view.

The sensing and interpreting of oceanographic and other en-
vironmental data from satellites is of significant potential value
for acquiring such data on a global basis or in remote areas for en-
vironmental prediction Eurposes. The results of this task are ex-
pected to contribute to this developing capability.

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0171, REMOTE SENSING
G.L. HUEBNER, Texas A & M University System, Graduate
School, College Station, Texas 77843 (NONR)

The objective of this task is to determine the microwave
characteristics of sea water and ultimately the optimum frequen-
cies for oceanographic radiometry. Laboratory measurements are
being made too over the frequency range of 1,000 to 30,000
megahertz. Aside from examining sea water over various salinity
and temperature values, contaminants such as surface oil films,
dissolved clay particles and dissolved gases are being studied to
determirne their effects on the microwave properties o%sea water.

The possibility of using infrared remote sensing devices has
been examined extensively but never fully resolved. T:.e funda-
mental mechanisms are not understood. These studies should
contribute to that understanding and, in addition, are necessary to
the successful use of remote sensor determinations of ocean cur-
rents upwelling, and other oceanic processes reflected in surface
temperature measurements,

SUPPORTED BY U.S. Dept. of Defense - Navy

4.0172, SPACE APPLICATIONS TO FISHERIES
OCEANOGRAPHY (GULF OCEANOGRAPHY PROGRAM)
J.S. BAILEY, U.S. Dept. of Interior, Biological Laboratory, Fort
Crockett - Galveston, Texas

It is necessary to know what conbinations of remote sensors
suitably delineate known oceanic features and to establish the
uniqueness of these instruments in the various combinations. A
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catalog of the spectral ‘signatures’ in terms of the recorded energy
distributions must be acquired so that conditions measured can be
related directly, and quantitatively to the structure of the surface
layers (top 400 meters) of the ocean.

Project goals are to (1) delineate those ocean features, in
space and time, that are significant to the support of given fishe-
ries; (2) accumulate and synthesize historical data to provide the
basis of a computer program to relate catch to oceanic condition;
(3) develop programming techniques to implement oceanic
(fishery) survey systems aboard satellites (unmanned orbiting
vehicles); and (4) accurately forecast, in an appropriately worka-
ble time frame, fishery dynamics for the proper exploitation of
these fisheries.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

4.0173, VUTILIZATION OF SYNCHRONOUS SATELLITE
DATA
/.E. SUOMI, Univ. of Wisconsin, Graduate School, Madison,
Wisconsin

Objectives: Develop methods of utilizing meteorsiogical data
from synchronous satellites and the conception of new techniques
for observing and interpreting the state of the atinosphere to meet
the requirements for global atmospheric research and prediction.

Approach: The geostationary satellites provide an opportuni-
ty to exploit the quantitative imaging of weather patterns on the
Earth. ATS-I and ATS-III images of the Earth and cloud cover
offer opportunities to determine wind velocity by cloud displace-
ment analyses, cloud height estimates, and develop methods of
utilizing the observation of sun glint upon the ocean surfaces. The
analyses of these phenomena will lead to the extension and in-
terpretation of the presently available observations and the
development of new techniques for determining the status and
structure of the atmosphere.

SUPPORTED BY U.S. Natl. Aero. & Space Adm.

41. ECONOMIC ANALYSIS

(General Studies. Specific Economic Analyses Found Under Subjects
Being Studied.)

4.0174, ANALYSIS OF THE EFFECT ON OPERATING
COSTS AND RETURN ON INVESTMENT OF VARIATIONS
IN OPERATING PARAMETERS
M.J. CRUICKSHANK, U.S. Dept. of Interior, Marine Min.
Technol. Ctr., Belvedere - Tiburon, California 94920

To evaluate the importance of individual components in a
mining system, their effects on the system must be known.
Operating costs and return on investment are both important
measures by which the efficiency of a mining system is evaluated.
By analysis of the cash flow for an operation, the effects of varia-
tions in environmental or technical components may be deter-
mined. Computer will be used for these determinations.

SUPPORTED BY U.S. Dept. of Interior - Bureau of Mines

4.0175, 149A FISHERY SYSTEMS ANALYSIS
R.E. GREEN, U.S. Dept. of Interior, Fishery Oceanography Ctr. ,
La Jolla, California

The objective of this project is to determine what manage-
ment practices may be most efficient in increasing the cost effec-
tiveness of the wetfish fishery, consisting of a fleet of small fishing
vessels working the coastal region of California and the distant-
water tuna purse seine fleet, both presently economically un-
sound.

Analysis of the cost/earnings structure of the tuna purse
seiners recently ccmpleted, has been useful in understanding the
economics of that fishery; it is proposed to apply similar
techniques to the wetfish fishery. Computer simulation studies
will also be made on these fisheries to determine effects of various
predictable factors on the efficiency and profit of the fisheries.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.




4.0176, STUDY OF OCEANOGRAPHIC MARKETS
J. GOLDEN, Planning Research Corporation, Los Angeles,
California

In this project, PRC conducted a developmental study of
oceanographic markets for a large industrial manufacturer of spe-
cialized equipment and chemicals,

PRC reviewed all oceanographic markets -- military and
commercial -to provide rough-cut forecasts of future potential for
the client’s advanced equipment, services, and consumables; and
to identify project areas of potential interest to the client,

Client capabilities, interests, and limitations were assessed in
order to determine projects that would be especially suitable, and
to select action for implementing specific projects. Detailed

recommendations for project implementation were included,
SUPPORTED BY Industrial Manufacturer

4.0177, MARKET STRUCTURE OF THE COMMERCIAL
FISHING INDUSTRY

R.C. SMITH, Univ. of Delaware, Agricultural Experiment Sta. ,
Newark, Delaware 19711

Objectives: 1) To determine the product flow and existing
characteristics fo the commercial fishing industry and its relative
importance in the Northeast, 2) To analyze the dynamic aspects
of the supply and demand situation for the major species of finned
fish and shellfish of the Northeast, and 3) To assess implication of
potential changes in the market structure and its performance on
the fishing industry, poultry and livestock producers and con-
sumers.

Description of Work Proposed: The Delaware station will
concentrate primarily on studying menhaden and other fish used
in animal feeds. The first procedural step will requrie the compila-
tion of data related to the distribution of menhaden fish including
the primary markets, marketing channels and product yse by
poultry and livestock.

Estimates of supply and demand parameters for menhaden
fish will be obtained. Statistical procedures including linear pro-
gramming and single equation regression models will be used to
evaluate the relationship fo fish meal to poultry and livestock
production.

SUPPORTED BY U.S. Dept. of Agriculture
Delaware State Government

4.0178, ECONOMICS OF NUCLEAR FUEL
UNKNOWN, N U § Corporation, Washington, District of Colum-
bia 20036

Purpose: To establish a frame of reference for assessment
and projection of the costs of nuclear fuel for merchant ships.

Description: A detailed investigation has been made of the
economics of nuclear fuel as a source of energy for merchant
ships. The initial studies made under this contract have been re-
evaluated and updated to incorporate latest cost estimates. The
research consists of evaluation of currently proposed pressurized
water maritime reactor core design; identification of significant
costs; projection of costs based on past and present levels; and
comparigon of cost trends with selected central station reactors
that employ similar fuel technology. The results will be put in a
form that can be used in making an economic assessment of com-
mercial nuclear ships.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

4.0179, MARINE TRANSPORTATION ECONOMIC ANAL-
YSIS
P.B. MENTZ, U.S. Dept. of Commerce, Maritime Administra-
tion, Washington, District of Columbia 20235

With the objective of outlining a formalized approach to
selection of appropriate economic criteria and use of realistic
costs of capital in the conduct of marine transportation analysis,
this study reviews the available economic criteria for financial
decision making. Among those considered are the internal rate of
return, life cycle cost, required freight rate, net present value, and
net cash flow indices. Use is made of the concepts of ‘opportuni-
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ty-limited* and ‘capital limited* corporate environments in
reaching the application-oriented conclusions.

This is followed by a discussion of the cost of capital for cor-
porate investment in shipping operations. An in-depth corporate
model is developed and results presented for various sets of input
parameters describing the components of such financial struc-
tures. The model has been programmed in Fortran IV and is being
run on a Honeywell 200 computer.

SUPPORTED BY U.S. Dept. of Commerce - Maritime
Admin.

4.0180, DETERMINATION OF THE STRUCTURE &
ECONOMIC IMPORTANCE OF THE VARIOUS SEGMENTS
OF THE SEAFOOD INDUSTRY

D.H. CARLEY, Univ. of Georgia, Agricultural Experiment Sta. ,
Athens, Georgia 30602

Objectives: To determine the structure and economic im-
portance of the various segments of the seafood industry of Geor-
gia including: a. Volume, trend and seasonality and value of
landings of fish and shellfish. b. Number employed, and wages
and earnings in various segments of the industry. c. Capital invest-
ment in facilities nd equipment. d. Expenditures for supplies and
services.

Procedures: Secondary and primary data, including personal
interviews of fishermen, processors and industry representatives,
will be used to fulfill the objectives. Budgetary and other quantita-
tive techniques will be used in this phase of the study,

SUPPORTED BY US. Dept. of Interior - Bu. Comm. Fish.
Georgia State Government

4.0181, FISHING VESSEL CONSTRUCTION COSTS AND
THE U.S. FISHING VESSEL CONSTRUCTION  DIF-
FERENTIAL SUBSIDY
C. IZAMLIN, Ocean Research Corporation, Kennebunk, Maine
04043

The purpose of this study was to establish valid, directly com-
parable, fishing vesse! construc’jon costs, to review the present
system of setting fishing vessel coi ~truction subsidies paid by the
Federal government, and to make recommendations for improve-
ments to this system. Direct shipyards costs of building fishing
vessel were obtained, by personal visit, from yards in the U.S.,
Japan, W. Germany, Norway, Netherlands, and U.K. Cost com-
parisons on the basis of cubic number (LWL x Beam x Depth),
vessel type, construction material, and country of build, were
established, and a formula devised for suggested use in establish-
ing subsidy percentages at the preliminary design stage.

SUPPORTED BY US. Dept. of Interior - Bu. Comm. Fish.

4.0182, ECONOMIC ANALYSIS OF THE MARKET
STRUCTURE OF THE COMMERCIAL FISHING INDUSTRY
IN THE NORTHEAST
UNKNOWN, Univ. of Maryland, Agricultural Experiiaent Sta. ,
College Park, Maryland

I. To determine the product flow and existing characteristics
of the commercial fishing industry and its relative importance in
the Northeast, 2. To analyze the dynamic aspects of the supply
and demand situation for the major species of finned fish and
shellfish of the Northeast. 3. To assess the implications of poten-
tial changes in the market structure and jts performance or. the
fishing industry, poultry and livestock producers, and consuiners.

DESCRIPTION OF WORK PROPOSED: The Maryland
contribution will relate to all three objectives. Secondary data will
be compiled related to the product flows and structure of the fish-
ing and seafood processing industries in the Chesapeake Bay
Area. Factors effecting the supply of both fresh and processed
fishery products from the Chesapeake Bay Area and tﬁe factors
effecting the demand for these products will be

- oysters, and clams, In the third phase the effects of ex-
pected structural changes and probable changes in selected ex-
ogenous variables on the employment, output, other economic
variables in the industry will be assessed.

SUPPORTED BY U.S. Dept. of Agriculture
Maryland State Government
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4. SURVEY AND PREDICTION

4.0183, ECONOMIC ANALYSIS OF THE MARKET
STRUCTURE OF THE COMMERCIAL FISHING INDUSTRY
IN THE NORTHEAST

UNKNOWN, Univ. of Massachusetts, Agricultural Experiment
Sta. , Amherst, Massachusetts 01003

Objectives: 1. To determine the product flow and existing

characteristics of the commercial fishing industry and its reiative
importance in the Northeast. 2. To analyze the dynamic aspects
of the supply and demand situation for the major species of finned
fish and shellfish of the Northeast. 3. To assess implication of
potential changes in the market structure and its performance on
the fishing industry, poultry and livestocck producers, and con-
sumers.

Massachusetts will determine consumer demand for had-

dock, cod, redfish, whiting, and flounder using cross-section data
obtained from a sample of consumers.

SUPPORTED BY U.S. Dept. of Agriculture
Massachusetts State Government

4.0184, SECOND HAND PRICES FOR TANKERS
P.A. EMBIRICOSCOUMO, Mass. Inst. of Technology, School of
Engineering, Cambridge, Massachusetts 02139

The purpose of this thesis is to describe the mechanics of the
second hand market in cil tankers. Since the value of an oil tanker
depends upon the value of its flow of services, the market for
tanker transportation services is examined in detail. This ex-
amination reveals that although the oil companies have enough
market power to maintain stable rates under normal conditions
they hedge against unexpected market changes by engaging in a
substantial portion of the available tonnage under long term con-
tract. This results in a very thin market for the tonnage that is free
of long term commitments. This latter market, called the spot
market, is thus subject to fluctuations which, in turn, are responsi-
ble for large fluctuations in the value of tonnage free of long term
contract.

In order to clarify the movements of the market for used oil
tank ships a theoretical model was developed through which first,
the conditions for equilibrium of the market were derived and
second, the adjustment behavior of the market was traced. Expec-
tations were explicitly introduced into the model. A time series of

prices and transactions was compared to the theoretical conclu-
sions, and found to compare favorably.

The importance of short run expectations having been con-
firmed, the influence of long term expectations was investigated.
It was determined that the increasing change in technology has
resulted in the greater importance of long term expectations of
transportation rates on the level of oil tank ship prices.

SUPPORTED BY Massachusetts Institute of Technology

4.0185, FINANCING OF FISHING VESSELS
A. HOLMSEN, Univ. of Rhode Island, Agricultural Experiment
Sta. , Kingston, Rhode Island 02881

Availability of funds at reasonable terms for financing of fish-
ing vessels seem to be one of the most important factors responsi-
ble for the slow growth of the R. I. fishing fleet. At the present
time the commercial banks charge a 6 1/2% compounded interest
while in other fishing ports in New England commercial banks
lend at 5 1/2% of the outstanding balance. Most batiks in Rhode
Island refuse to finance fishing vessels. The primary reason seems
to be lack of knowledge of the risk involved and of tlie returns to
capital in the industry.

This project will, by use of the interview questionnaire
method, determine the return to capital for the various kinds and
sizes of commercial fishing vessels in Rhode Island, determine
how vessels are financed and the difficulties involved. A sample of
vessels in Stonington, Connecticut and New Bedford, Mas-
sachusetts will also be studied to determine whether significant
differences occur. The policies of the various financing institu-
tions will be studied with respect to fishing vessel firancing.

SUPPORTED BY Rliode I<'nd State Government

4.0186, MARKET STRt “TURE OF COMMERCIAL FISH-
ING JNDUSTRY IN THE NORTHEAST
H.C. LAMPE, Univ. of Rhode Island, Agricultural Experiment
Sta. , Kingston, Rhode Island 02881

Objectives: 1) To analyze the dynamic aspects of the suppiy
and demand situation for the major species of finned fish and
shellfish of the Northeast. 2) To assess implication of potential
changes in the market structure and its performance on the fish-
ing industry, poultry and livestock producers, and consumers.

One existing simultaneous equaticn model of the haddock
raarket will be revised. Major revision will be affected in the
wholesale and import equations. Particular efforts will be made to
obtain measures of the transactions associated with cold storage
holdings and the prices at which transactions are made. In addi-
tion the revision will seek to avoid the problems associated with
movements of cold storage holdings from one location to anotner
within a firm. A model of fish population will be coupled with the
market model above to provide the basic simulator of the market
population system. The dynamic properties of the system will be
evaluated in successive simulator runs on a computer. The in-
fluence of changes in parameters of the markets and populations
on the equilibrating properties of the system will be presented and
evaluated. A preliminary simulator has been developed and will
be improved.

SUPPORTED BY U.S. Dept. of Agriculture
Rhode Island State Government

4.0187, ECCNOMIC IMPACT OF MARINE-ORIENTED
QCEI&PES IN THE SOUTHERN NEW ENGLAND MARINE
EGI¢

N. RORHOLM, Univ. of Rhode Island, Agricultural Experiment
Sta. , Kingston, Rhode Island 02881

Objectives: 1. To determine the present and estimate the fu-
ture amounts of human economic resources employed in marine-
oriented activities of commercial, educational, research, defense
and recreational nature. 2. To analyze the relationship between
the marine-oriented activities and the general economy of the
area including estimates of economic and employment impact.

Procedures: The initial work (Phase 1) will concentrate on a
detailed study of the marine-oriented activities. On the general
economy only secondary data will be collected. Later phases will
deal with the remaining parts of the regional economy and the re-
gion’s population. Data on human resources employed, invest-
ment, costs, sales and future plans will be gathered through per-
sonal interviews. Secondary data from Sales Tax Divisions, Cen-
sus of Manufacturers, Census of Business and Departmerit of
Labor will also be utilized.

SUPPORTED BY Rhode Island State Government

4.0188, CONFERENCE ON THE FUTURE OF THE U.S.
FISHING INDUSTRY
R. VANCLEVE, Univ. of Washington, Graduate School, Seattle,
Washington 98122

A conference on the U.S. fishing industry was held in Seattle
in March, 1968, under the sponsorship of the University of
Washington. Its purpose was to identify the problems that beset
the U.S. fisherman; the causes for the economic decline of some
portions of the fish catching industry in the face of growing worlds
markets; and the rising percentage of imported fish. Attendance
represented a cross-section of U.S. fishing interests, university
faculties, and government agencies. The contract provided for a
summary report which analyzed the conference, developed con-
clusions of the General Committee, and presented a concensus of

recommended corrective actions. This report was completed in
August, 1968,

SUPPORTED BY Natl. Council on Marine Res. & Engin.
Dev.

U.S. Dept. of Interior - Bu. Comm. Fish,
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5A. FISH POPULATIONS

5.0001, STOCKING AND SURVIVAL OF STRIPED BASS
FINGERLINGS
E.W. SHE.LL, Auburn University, Graduate School, Auburn,
Alabama 36830

Objectives: To determine if the periodic stocking of striped
bass (4 to 6 inch group) into river systems connecting estuarine
areas of Alabama would establish this species at a sufficient level
to allow the developraent of a commercial fishery.

Procecure: Large striped bass fingerlings (4 to 6 inches
group) produced uper job Il of the study will be stocked in
selected areas determined under Job 1. Fingerlings will be suitably
marked so that they can be identified on subsequent recovery.
Fishermen will be interviewed, and sampling will be done by sein-
ing, trawling, and by rotenone or other chemical methods to
determine the survival of striped bass stocked.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alabama State Government

5.0002, KVICHAK RIVER TOTAL SMOLT
S. PENNOYER, State Dept. of Fish & Game, Anchorage, Alaska

A long term declining trend in the important Kvichak River
fishery at Bristol Bay coupled with extreme annual fluctuations in
run size demand that research be undertaken to accurately pre-
dict returning run size and estimate the annual escapement levels
needed to sustain maximum yield. The present index sampling of
smolt abundance has not fulfilled this need. This project will seck
to estimate total annual smolt outmigration eliminating many of
the sources of error in the index method and allowing quantitative
evaluation of production from escapement and mortalities at vari-
ous life history stages.

This phase of the study will consist of the following steps: 1)
location of suitable sampling site, 2) recording of physical proper-
ties of the site, e.g., depth, width, flow, water clarity, that might
affect smolt migration patterns and behavior, 3) establishment of
a field camp at the site, 4) a single fyke net or similar capture
device covering the same water areas as the present index net will
be fished on a twenty-four hour basis at the site for comparison
with present index catches. Some modifications in counting gear
and fishing apparatus will be tested, 5) smolt distribution across
the channel(s) will be sampled by fishing at intervals across the
river with some form of mobile sampling gear and comparing
counts with those of the stationary gear, 6) experimentation with
various forms of capture and counting gear will be initiated to
develop counting units that can be placed at intervals across the
river (photo-eiectric grids are contemplated). The use of louvres
and light for smolt guidance will also be investigated, 7) smolt
behavior and reaction to various forms of gear will be studied by
use of SCUBA and underwater photographic equipment.

(Part 1 of 2)

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,
Alaska State Government

5.0003, KVICHAK RIVER SMOLT STUDY LITERATURE
SURVEY
S. PENNOYER, State Dept. of Fish & Game, Anchorage, Alaska

" A long term decling trend in the important Kvichak River
fishery of Bristol Bay coupled with extreme annual fluctuations in
run size demand that research be undertaken to accurately pre-
dict returning run size and estimate the annual escapement levels
needed to sustain maximum yield. The present index sampling of
smolt abundance has not fulfilled this need. This project will seek
to estimate total annual smolt outmigration eliminating many of
the sources of error in the index method and allowing quantitative
evaluation of production from escapement and mortalities at vari-
ous life history stages.

During the first year of the project the available literature on
smolt sampling and enumeration will be surveyed and correspon-
dence with individuals involved in this type of research in other
areas will be contacted. A great deal of work has been done on

5. LIVING SYSTEMS (NON-HUMAN)

sampling, guiding and counting downstream migrants and some of
the work done and devices tested are applicable to the Kvichak
River program. This phase will continue throughout the life of the
project with the main emphasis during the period January through
April of 1966. The project leader and assistant will be responsible
for this work.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0004, BRISTOL BAY ESTUARINE ECOLOGY
C.J. DICOSTANZO, U.S. Dept. of Interior, Biological Laborato-
ry, Auke Bay, Alaska

During the past few years intensive work has been done on
the freshwater and the high seas phases of the life history of the
sockeye salmon. Recent work has indicated that the ocean sur-
vival rates may not be nearly as constant as formerly thought and
that estuarine conditions strongly influence these rates. Thus it
seems necessary to supplement the freshwater and oceanic stu-
dies with investigations into the ecology of the sockeye salmon in
estuarine areas.

The early phase of this study will be largely exploratory in na-
ture. The objectives are: 1. To delineate the water masses within
the Bristol Bay area and determine the physical and chemical fea-
tures of the estuarine and adjacent coastal waters. 2. To deter-
mine the pattern of movement and distribution of smolts from the
parent river into the estuary and ocean waters. 3. To determine
the growth and survival of smolts as they pass through this transi-
tional phase of their life cycle.

The first full season of study will utilize aircraft and radiome-
ter to delineate water masses in Bristol Bay.

More specific oceanographic studi2s will be conducted fror
a surface vessel. It is expected that much time will be spent in as-
sembling gear and developing standard stations and technique.
Sampling of juvenile salmon will be accomplished with various
kinds of gear, inciuding tow net, trawls, seins, and gill nets.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0005, NAKNEK SYSTEM RED SALMON STUDIES
C.J. DICOSTANZO, U.S. Dept. of Interior, Biological Laborato-
ry, Auke Bay, Alaska

The Naknek River system is composed of several large
nursery lakes, connected by short streams. Each lake receives
stocks of adult red salmon which utilize various types of adjacent
spawning grounds. Juvenile salmon migrate ocean-ward from lake
to lake at various times of the year.

The objectives of this program are to obtain an uaderstand-
ing of the various factors influencing the abundance, distribution,
survival, growth, and movement of adult and juvenile sockeye sal-
mon in the system. The expanded program includes all studies of
the former Brooks Lake resecarch program, Several related studies
are currently in progress concerning the following: 1. Determine
vital statistics of red salmon adult and young fish populations
through systematic collection of data pertaining to length,
weights, sex fecundity, and abundance at successive life history
stages. 2. Determine the direct causes of mortality and the nature
of their effects. 3. Determine required population densities for
optimum utilization of available spawning gravels and nursery
areas. 4. Determine morphological and physiological charac-
teristics and behavior patterns that distinguish spawning colonies.
5. Determine rie effects of intra and interspecific competition. 6.
Identify what measures involving manipulation of the spawning or
lake nursery environments or the salmon populations themselves
may result in maximizing freshwater production.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm., Fish.

5.0006, KARLUK LAKE RESEARCH STATION
C.J. DICOSTANZO, U.S. Dept. of Interior, Biological Laborato-
ry, Auke Bay, Alaska

The broad objective of the Karluk research program is to
determine the cause(s) of the long-term decline in the spawning
run of red salmon and to try to reverse this downward trend. To
this end, investigations are directed toward identifying, enumerat-
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ing, and determining productivity of subpopulations and calculat-
ing mortality rates at various atages of the red salmor life cycle.

Size, age, and fecundity of subpopulations are being studied
as well as their timing, distribution, and abundance on various
spawning grounds.

Adult escapement and smelt outmigration sizes are being
determined and sampled te obtain vital descriptive data. We are
using these data to calculate mortality rates during the ocean
phase of the red salmon life cycle,

Potential egg deposits and fry productions are being deter-
mined for diverse spawning grounds so that mortality rates during
that stage of the freshwater life cycle may be calculated.

Methods of indexing abundance of juvr.nile red salmon have
been developed.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,

5.0007, CHUM SALMON INVESTIGATIONS
C.R. MATTSON, U.S. Dept. of Interior, Biological Laboratory,
Auke Bay, Alaska

Salmon research by the Chum Salmon Investigation is cen-
tered at the Traitors Cove field station, which is located on Revil-
lagigedo Island approximately 25 airline miles north of
Ketchikan, Alaska. Original research emphasis, the station was
established in 1960, was upon the freshwater and early marine life
phases of the chum salmen, Oncorhynchus keta, life cycle. In
1964 research emphasis was shifted to the early marine life histo-
ry stage of the young chum and pink, Oncorhynchus gorbuscha,
salmon. This change was made because intensive freshwater and
intertidal salmon research was being conducted at other field sta-
tions in Alaska. Additional factors justifying the change was the
availability of two counected, enclosed marine basins ideal for
estuarine salmon research, and pink salmon were included as they
were available in even greater abundance than chum salmon.

General research cbjectives include the following: Deter-
mine relative abundance and timing of juvenile pink and chum
salmon migrants from Traitors River and within the two marine
basins forming Traitors Cove; study food habits of the salmon and
determine availability of food organisms; determine salmon
growth rates within an estuarine environment; and study estuarine
environmental factors such as water temperatures, salinities, cur-
rents, and turbidities and relate these to juvenile salmon
abundance and behavior.

SUPPORTED BY U.S. Dept. of Interior - Bu, Comm. Fish.

5.0008, MARIMNE BIOLOGICAL INVESTIGATIUNS - TAX-
ONOMIC COLLECTION OF THE FRESH AND SALTWATER
FISHES OF A_ ..SKA
J.C. QUAST, U.S. Dept. of Interior, Biological Laboratory, Auke
Bay, Alaska

The fish collection comprises approximately 250 species of
Alaskan marine and freshwater fishes. Eventually nearly all fish
species inhabiting Alaskan waters will be represented. Scientific
uses include collection of growth series so that juveniles, larvae,
and eggs may be identified, the accurate identification of
specimens taken in research activities, and recognition and defini-
tion of new species, the accumulation of series for racial work and
variation analyses, and the construction of faunal lists and keys.
Museum facilities are available to investigators, and specimens
are available on loan to research institutions.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0009, GULF OF ALASKA DEMERSAL FISH IN-
VESTIGATIONS
J.C. QUAST, U.S. Dept. of Interior, Biological Laboratory, Auke
Bay, Alaska

Goals of the long-term projects are (1) to assemble all availa-
bie data, published and unpublished, on the physical ecology, fau-
na! assemblages, and population parameters of the demersal
fishes of tne Gulf of Alaska; (2) to classify this information on the
basis of tit: statistical grid for the North Pacific Ocean in current
use by the International North Pacific Fisheries Commission and
store the information in suitable form on IBM cards to allow: (3)

~ 5.0010,
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the retrieval of information in the form of geographic and
bathymetric distribution and density charts of species, the detec-
tion of faunal assemblages, the delineation of areas of high and
fow fish production, the assessment of future stock deterioration
with fishing, and general correlation analysis to bring out salient
relationships between biological, physical, and fishery factors and
demersal fish production.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish,

MARINE BIOLOGICAL INVESTIGATIONS -
ANALYSIS OF HERRING FISHERY DATA
J.C. QUAST, U.S. Dept. of Interior, Biological Laboratory, Auke
Bay, Alaska

Analysis of data on catch per unit effort ard age frequencies
of Alaskan herring in the fishery. Data extending from the present
to 1929. Analyses of data on herring movements in Southeastern
Alaska as revealed by radioactive tagging experiments in 1960
and 1961. Preparation of manuscripts.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0011, MARINE BIOLOGICAL INVESTIGATIONS STU-
DIES PROJECT (FISHES)
J.C. QUAST, U.S. Dept. of Interior, Biological Laboratory, Auke
Bay, Alaska

Quantitative studies of the complete fish faunas of selected
bays of Southeastern Alaska. Goals: tc identify the fishes and
determine the ecology, density, growth, and mortality of their
populations in the present nearly natural state. Such data to serve
as benchmark information for comparison with future surveys of
the same or similar bays of the region when these bays have been
changed by man-made or natural causes. Ancillary objectives in-
clude the determination of possible faunal gradients that occur
fromh the coast eastward in the inside waters and from north to
south,

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0012, MARINE BIOLOGICAL INVESTIGATIONS -
JAPANFSE FISHERY OBSERVERS PROJECT
J.C. QUAST, U.S. Dept. of Interior, Biological Laboratory, Auke
Buy, Alaska

Goals are to monitor the take of Pacific halibut by Japanese
fishery vessels in the Gulf of Alaska and to obtain catch informa-
tion for possible use by the U.S. fishing industry. Project started in
1964. Approximately 300 hours of trawling observed each year.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0013, INVESTIGATION OF ANADROMOUS DOLLY
VARDEN POPULATIONS IN HOOD BAY DRAINAGES,
SOUTHEASTERN ALASKA
R. ARMSTRONG, State Dept. of Fish & Game, Juneau, Alaska
Objectives: (1) Determine the number and timing of Dolly
Varden leaving Hood Bay Creek on their first migration to sea.
(2) Determine the number and timing of Dolly Varden entering
and leaving Hood Bay Creek. (3) Determine the number and tim-
ing of salmon entering Hood Bay Creek. (4) Determine the size,
sex ratio and age of Dolly Varden migrating to sea for the first
time from Hood Bay Creek. (5) Determine the size, sex ratio and
age of Dolly Varden entering and leaving Hood Bay Creek. (6)
Determine the homing tendencies, within the year, of Dolly
Varden leaving Hood Bay Creek on their first migration to sea.
(7) Determine the homing tendencies, within the year, of in-
migrant Dolly Varden displaced from Hood Bay Creek. (8)
Determine the homing tendencies of Dolly Varden entering Hood
Bay Creek. (9) Determine the number of mature (potential
spawners for the year) and non-spawning Dolly Varden entering
Hood Bay Creek. ( 14) Determine the frequency of spawning, by
sex, of Dolly Varden spawning in Hood Bay Creek. (11) Deter-
mine if mortality of char occurs after spawning and obtain an esti-
mation of mortality rate of spawned-out char by sex. (12) To
locate spawning areas of Dolly Varden in Hood Bay Creek. (13)
Estimate Dolly Varden egg deposition and over-winter survival of




the eggs in a sclected area of Hood Ba/ Creek. (14) Evaluation of
hydraulic sampling techniques in providing a ceposition index.
(15) Determine the distribution of Dolly Varden and salmon in
Hood Bay Creek on a weekly basis. (16) To obtain information
on the physical and chemical conditions of Hood Bay Creek. (17)
Determine the food of Dolly Varden migrating to sea for the first
time from Hood Bay Creek. (18) Determine 2 tag suitable for use
on Dolly Varden less than 150 mm in fork length. (19) To evalu-
ate the effectiveness of the Hood Bay Creek weir to stop and trap
Dolly Varden on their first migration to sea.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish,
Alaska State Government

5.0014, COOK INLET CATCH AND ESCAPEMENT AGE
AND SEX COMPOSITION STUDIES
A.S. DAVIS, State Dept. of Fish & Game, Juneau, Alaska

The purpose of this phase of 4 long range sockeye study is to
separate the returning adult runs by age and sex groups. The ob-
tained information is necessary for evaluating optimum escape-
ment indices and marine survival evaluations. Attempts to
separate catch samples by river systems by scale characteristics
will also be investigated.

Sampling of characteristics of the salmon caught in each of
the several gill net fishing areas of the Inlet, along with spawning
ground sampling for the same characteristics will be conducted at
selected points.

A two-man crew will begin sampling July 1 in the set net
fishery in the Ninilchik to Kasiicf River area. Sampling will be
conducted at the Columbia Wards Cannery at the mcuth of the
Kenai River when fish are available in suificient numbers. The
crew will sample set net catches on Kalgin Island, Kalifonsky
Beach, Salamatof Beach, and Harriet Point on the west side of
Cook In’zt. The drift net fishery will be sampled on two separate
fishing days, July 21 and July 24. Spawning ground sampling will
begin August 5.

Part2of 3

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0015, COOX INLET SMOLT ENUMERATION STUDY
A.S. DAVIS, State Dept. of Fish & Game, Juneau, Alaska

The purpose of thiy phase of a long range sockeye salmon
study is to enumerate the smolt production from the Kenai River.
This will allow the establishment of index values which can be re-
lated to total smolt run size and will enable estimates of fresh
water production under differcnt escapement levels. It will also
provide a better means for predicting future spawning run size
other than current escapement indices.

Starting May 10 or as soon after as ice conditions permit,
downstream migrant trapping will commence on the Kenai River.
The trap site wiil be located at the sonar unit installation.
Downstream migrant fyke nets, with detachable cod ends will be
utilized for the sampling. Lengths, weights, and scale samples will
be taken to establish freshwater life characteristics of these
sockeve salmon runs. The Kenai River adult-counting sonar in-
stallation will be tested for its possible application to smolt enu-
meration. The annual outmigration of smolits will be sampled on
the Kenai River until early June when the smolt migration will be
over. A preliminary investigation of smolting sites and some test
fishing will also be attempted on the Kasilof River.

Part 3 of 3.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0016, SOCKEYE SALMON MIGRATORY BEHAVIOR
AND BIOLOGICAL STATISTICS COLLECTION,
SOUTHEASTERN ALASKA

C. ENGELKING, State Dept. of Fish & Game, Juneau, Alaska
Objectives: A. Delineation of migration routes. Determina-
tion of the migration routes utilized by sockeye salmon ap-
proaching their home streams has been indeterminate in
Southeast Alaska for a number of years. One portion of the run
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will be identified by tagging in the Sumner Strait and North
Clarence Strait approaches and subsequent recovery of the
marked fish in (1) the commercial fishery, (2) at canneries, weirs
on the spawning streams and (3) by teams of men conducting foot
surveys on the spawning grounds of sockeye stream without weirs.

B. Biological Statistics Collection. The collection of biologi-
cal statistics in the fishery, at canneries, weirs and in the estuarial
areas at the mouths of the streams without weirs will greatly
enhance the knowledge required to properly manage the sockeye
salmon resource of Southeast Alaska. This will be accomplished
through collection of scale and length data to assess the age
classes in the fishery and in the total run; the rate of exploitation

by the fishery and the timing of the various races comprising the
run.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish.
Alaska State Government

5.0017, PRE-EMERGENT FRY PINK SALMON
FORECAST (KODIAK, ALASKA)
D.P. HENNICK, State Dept. of Fish & Game, Juneau, Alaska

This phase provides for the expansion and refinement of pink
salmon forecast research in the Xodiak Island area. Objectives are
egg and pre-emergent larva sampling of sufficient size to assure
reliable forecast of the island runs and to assure a gradual accu-
mulation of optimum escapement data in the major streams.

Essentially we are excavating random plots in important and
accessible spawning streams in a manner which should give relia-
ble year-to-year comparisons of larva survival and relative
abundance. Approximately 22-25 streams are sampled annually
using a standard hydraulic sampling tool. This is accomplished
very near the end of freshwater life when many causes of popula-
tion fluctuations have passed. With proper selection of streams
about 80 percent of the escapement can be monitored.

During the carly fall sampling is conducted in several
selected streams for egg deposition, October through November.
During the winter months analysis of data and reports are
completed. In March a crew of five temporary aides are hired and
arrangements are made to charter a vessel and helicopter. Pre-
emergent sampling of 22-25 streams is conducted from March
through April, usually a 6 week period. Throughout the summer
and spawning period the streams to be sampled are traversed on
foot and via light plane to access escapement and distribution of
spawning populations and permanent markers are installed to pin-

point the location of the sampling areas.
Part 2 of 2

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0018, EXPANSION OF CURRENT AND DEVELOPMENT
OF ADDITIONAL COMMERCIAL FISHERIES CATCH,
PRODUCTION AND GEAR STATISTICS
B. HILL, State Dept. of Fish & Game, Juneau, Alaska

Objectives of the study are to (1) increase the accuracy and
reliability of current state fishery statistics through the coordina-
tion of proper sampling methods, and (2) to compile and publish
statistics on an area and individual fishery basis rather than on a
regional or statewide basis. Procedures will consist of the follow-
ing: (1) Establish uniform sampling techniques in the various
areas throughout the State in order that adequate and reliable
weight, number and value data can be coliected. (2) Compile the
catch in number and weight on a weekly or suitable time period
basis for each fishery in each area of Alaska. (3) Compile the
value to the fishermen of the various fisheries in each area of the
State. (4) Compile effort statistics for each fishery in each area of
the State. (5) Compile the volume and value of manufactured
fishery products on an area basis. (6) Publish detailed annual
catch, production, and effort statistics for each fishery on an area
basis.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish,
Alaska State Government




5. LIVING SYSTEMS (NON-HUMAN)

5.0019, PRE-EMERGENT FRY PINK
FORECAST - SOUTHEASTERN ALASKA
T.C. HOFFMAN, State Dept. of Fish & Game, Juneau, Alaska

The objeciives of this phase of a long range pink salmon
study is to compliment and extend the presently established pre-
emergent fry pink salmon forecast program in Southeastern
Alaska with the long range goals: (1) develop useful predictions
to provide for more efficient means of harvesting existing runs,
(2) to see if the same sampling methods can be utilized with chum
salmon,

Previous sampling activities, because of access problems,
have been primarily located in intertidal and adjacent spawning
areas. Distribution of sampling effort is made randomly within the
totai area included in a base stratum. This yields fry abundance
frem sixty plus streams in Southeastern Alaska which is projected
statistically to the total area of the base stratum.

Fry production information for areas considerably removed
from tidal influence especially in very large streams is an unk-
nown factor and the primary emphasis of this phase is to fill that
knowledge gap.

Fry production estimates will be made in upstream areas of
twenty formerly inaccessible streams in Southeastern Aiaska.
These estimates will be integrated with the existing program in at-
tempting to arrive at an estimate of returning pink salmon runs.

Sampling will be conducted with a hydraulic pump and the
procedures are essentially as described in McNeil, William J.
1962. Mortality of pink and chum salmon eggs and larvae in
Southeast Alaska streams.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

SALMON

5.0020, POPULATION STUDIES OF ANADROMOUS FiSH
- UPPER COOK INLET DRAINAGES
S.W. KUBIK, State Dept. of Fish & Game, Juneau, Alaska

Objectives: (1) To determine the sport fish catch of king sal-
mon and evaluate angling pressure in the selected freshwater
areas of Upper Cook Inlet. (2) To determine the distribution,
abundance, time of arrival, age, size classes, sex ratios and
spawning areas of adult king salmon and silver salmon in the vari-
ous sterams of Upper Cook Inlet. (3) To investigate Ship Creek
and associated areas on Upper Cook Inlet as a source for the
procurement of king salmon eggs for experimental hatching and
rearing. (4) To evaluate the contribution of artificial ponds to the
stocks of anadromous fishes to Ship Creek. (5) To conduct silver
salmon harvest studies in selected tributaries of the Susitna River
Drainage.

Procedures: (1) Creel census efforts will be directed towards
obtaining information on numbers of king salmon caught, angling
effort, lengths, weights, and sex of an adequate sample of fish
caught. Scale samples will be collected for age analysis as ap-
propriate. Data obtained from the return of the special king sal-
mon punch cards wil! be evaluated in terms of total harvest, in-
dividual stream harvest, and angler success and participation

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Alaska State Government

5.0021, IDENTIFICATION OF RED SALMON STOCKS
TAKEN IN THE CAPE KUMLIK-ANIAKCHAK BAY
FISHERY (CHIGNIK AREA)
J. LECHNER, State Dept. of Fish & Game, Juneau, Alaska

A red salmon Cape fishery has developed at Cape Kumlik on
the south side of the Alaska Peninsula, since 1960, This study will
determine the origin of these red salmon stocks, so that an
established management basis may be determined for this Cape
fishery. Indications from a limited tagging study in 1963, suggests
that these stocks are bound for the Chignik River red salmon
system, which is presently closely managed for obtainment of
desired escapement goals. A building return of red salmon has
escaped into the Aniakciak system, which must be evaluated for
the degree of contribution to the building Cape fishery. The loca-
tion of the work will require tagging of red salmon at the Cape
Kumlik fishery with Pedersen type disc tags, which will be in
number sequence and the recovery of these tags by method of tag
reward from the cc.nmercial fishery and spawning ground tag

recovery from the two major red systems within the area. Red sal-
mon scales will be taken for morphological differentiation, from
the Cape fishery and the major red salmon’s systems within the
arga. A temporary field camp will be established for the Aniachak
spawning ground survey. One Fisheries Biologist IV, one Fisheries
Biologist I, and six temporary Fish and Game Aides will conduct
the study.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0022, BRISTOL BAY INTERMEDIATE HIGH SEAS-
INSHORE TEST FISHING
K.R. MIDDLETON, State Dept. of Fish & Game, .Juneau, Alaska
A) OBJECTIVES - 1) To provide annual forecasts of the
magnitude and age composition of the Bristol Bay sockeye runs
after the runs have been exposed to the high seas fishery and just
prior to the time they reach the inshore fishery. These forecasts
will be used in conjunction with the existing high seas and inshore
forecasts. 2) To obtain information regarding the aanual timing
and pattern of entry of the Bristol Bay sockeye into Bristol Bay.
B) PROCEDURES - 1) A large fishing vessel equipped with
sonar fish-finding equipment will be used to fish standard 5-3/8
stretch measure gillnet north of Port Moller during the period
6/10-7/10 to obtain an index of abundance of red salmon migrat-
ing to Bristol Bay. The basic procedures will be designed after ex-
isting high seas procedures. 2) Fish captured will be sampled for
age-weight-length data to provide an estimate of the age composi-
tion of the returning run. This will provide a second check on
previous forecasts which provide estimates of return by age class.
Differentiation of the stocks according to river system may also
be possible on the basis of scale characteristics. 3) Information
will be radioed daily to the King Salmon management office to aid
in the management of the returns.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0023, BRISTOL BAY OFFSHORE TEST FISHING PRO-
GRAM
K.R. MIDDLETON, State Dept. of Fish & Game, Juneau, 4laska

The objective of this program is to annually monitor the
Bristol Bay adult sockeye run as it passes north of Port Moller en-
route to Bristol Bay in an attempt to estimate the magaitude, age
composition and pattern of entry.

Test fishing will be conducted nightly with 5-3/8* gill net as
utilized by the Bristol Bay inshore commercial fishery. Approxi-
mately five test drifts will be made nightly at different stations
along a 50-mile northerly transect originating at Port Moller. The
data from the five drifts will be combined to obtain a nightly index
of fishing success. Fish captured will be sampled for age composi-
tion.

Test fishing on the 1967 sockeye run will be completed dur-
ing the period July 1-10, 1967. During the period July 10 to June
30, 1968, reports will be completed on the 1967 season. Sampling
plans will be revised if necessary for the 1968 season. Test fishing
clm the 1968 run will be conducted during the period June 10-30,

968.

In addition to the five-man crew for the charter fishing vesscl,
two biological aides will be aboard the fishing vessel during the
test fishing period.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0024, ARCTIC-YUKON-KUSKOKWIM AREA
ANADROMOUS FISH INVESTIGATICNS
R.1. REGNART, State Dept. of Fish & Game, Juneau, Alaska
Salmon research studies in this area prior to 1961 are almost
non-existent. Recent studies by the Alaska Department of Fish
and Game have been encouraging but accurate estimations of the
sizes of runs and escapements have yet to be determined. Also
mfuclnr, basic life history information is still lacking for some species
of salmon.




The long range objectives of this project are to determine the
population sizes and escapements, destination and timing of dif-
ferent segments or races and life histories of Arctic-Yukon-
Kuskokwim area salmon runs. Procedures will consist of the fol-
lowing: (1) gill nets will be operated for the capture of salmon
which will be tagged and released. Cash reward for recoveries will
be offered. {2) Commercial- subsistence catches and carcasses
from several ‘key* tributaries will be sampled periodically. (3)
Aerial surveys and boat or ground surveys will be made of ‘key*
tributaries in order to determine escapements.

Sheefish - The sheefish or inconnu, Stenodus leuchichthys is
a member of the whitefish family and is abundant in northwestern
Alaska, e.g. Kuskokwim, Yukon and Kotzebue Sound drainages.
Recently there have been numerous requests on the part of area
residents and interested processors relative to the feasibility of
establishing commercial fisheries for sheefish. The habits, life
histories and productivity of sheefish are virtually unknown. The
objectives of this phase of the project are to acquire the necessary
population dyramics, life history and other pertinent information
needed to determine the feasibility of developing a sheefish com-
mercial fishery. Procedures are to include the following: (1)
research of existing literature and .nterview of fisherinen, buyers,
pilots, etc., (2) operate various types of fishing gear cn a year-
round basis, (3) tag and release sheefish in selected areas and
offer rewards for tag recoveries. (4) conduct surveys of sub-
sistence fisheries by distribution of catch calendars and actual
counts and, (5) sample test net and subsistence-commercial
catches for age, size, sex and fecundity information.

Subsistence fishery - Subsistence utilization of salmon and
sheefish will be documented by personal interviews, direct
COUll‘l)teS, and catch questionnaires from August through Sep-
tember.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0025, COPPER RIVER SOCKEYE SALMON IN-
VESTIGATIONS
R.S. ROYS, State Dept. of Fish & Game, Juneau, Alaska

A. OBJECTIVES: 1) To determine the qualitative and quan-
titative Copper River sockeye salmon escapement immediately
following exploitation by the commercial gill net fishery and on
the upstream migration.

B. LOCATION: Copper River and its tributaries of
gouthcentral Alaska. Base of operations - Glennallen and Cor-

ova.

C. PROCEDURES: 1) Delta Investigations a. Test fishing
will be employed as an immediate index of escapement. Four
chartered gill net boats utilizing standard gear will fish during
closed fishing periods. Relative abundance per time of set, timing
of runs, and migration patterns will be obtained. b. Scales for age
determination and other biological statistics will be obtained by
sampling the canneries and from the test fishing operations.

2) UPPER RIVER INVESTIGATIONS - a. Tagging will be
employed to separate the different stocks of fish., Fishwheels at
Woods Canyon will be used in a cooperative effort with the River
Basins Branch, BCF, tagged to untagged ratios will be in-
vestigated as a means of obtaining a population estimate of the
run. b. Biological statistics will be collected for stock identifica-
tion and separation at the tagging and recovery sites and surveys
of the spawning escapement will be made. c. Possible selectivity
of the gill net fishery will be investigated by comparing upriver
and delta lengths and possible sites for electronic counters will be
conducted.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Governmert

§.0026, COPPER RIVER SOCKEYE SALMON IN-

VESTIGATIONS

R.S. ROYS, State Dept. of Fish & Game, Juneau, Alaska
Objectives: |. To determine the qualitative and quantitative

Copper River sockeye salmon escapement immediately following

exploitation by the commercial gill net fishery and on the up-

stream migration.
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Procedures: 1. Delta Investigations: (a) Test fishing will be
employed as an immediate index of escapement. Four chartered
gill net boats utilizing standard gear will fish during closed fishing
periods. Relative abundance per time of set, timing of runs, and
migration patterns will be obtained. (b) Scales for age determina-
tion and other biological statistics will be obtained by sampling
the canneries and from the test fishing operations. (2) Upper
River Investigations: a. Tagging will be employed to separate the
different stocks of fish. Fishwheels at Woods Canyon will be used
in cooperative effort with the River Basins Branch, BCT. Tagged
to untagged ratios will be investigated as a means of obtaining a
population estimate of the run. (b) Biological statistics will be col-
lected for stock indentification and separation at the tagging and
recovery sites and surveys of the spawning escapement will be
made (c) Possibie selectivity of the gill net fishery will be in-
vestigated by comparing upriver and delta lengths and possible
sites for electronic counters will be conducted.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0027, SOCKEYE SALMON MIGRATORY BEHAVIOR
AND BIOLOGICAL STATISTICS COLLECTION,
SOUTHEASTERN ALASKA

UNKNOWN, State Dept. of Fish & Game, Juneau, Alaska

Objectives: A. Delineation of Migration Routes: Determina-
tion of the migration routes utilized by sockeye salmon ap-
proaching their home streams has been indeterminate in
Southeast Alaska for a number of years. One portion of the run
will be identified by tagging in the Sumner Strait and North
Clarence Strait approaches and subsequent recovery of the
marked fish in (1) the commercial fishery, (2) at weirs on the
spawning streams and (3) by teams of men conducting foot sur-
veys on the spawning grounds of sockeye streams without weirs.
B. Biological Statistics Collection: The collection of biological
statistics in the fishery, at the weirs and in the estuarial areas at
the mouths of streams without weirs will greatly enhance the
knowledge required to properly manage the sockeye salmon
resource of Southeast Alaska. This will be accomplished through
collection of scale and length data to asses the age classes in the
fishery and in the total run; the rate of exploitation by the fishery
and the timing of the various races comprising the run.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0028, OFFSHORE SALMON ABUNDANCE INDEX
UNKNOWN, State Dept. of Fish & Game, Juneau, Alaska

Objectives: A. To establish an index of abundance of salmon
(primarily pink salmon) in the immediate offshore waters of
Southzastern Alaska prior to the appearance of the runs in the
commercial fisheries. B. Stock identification and timing as the
runs approach the coast, the fishery and their home streams.

Procedures: Gill nets and long line gear will be fished on a
predetermined schedule. All viable salmon will be tagged and
released after a scale and length measurement are taken.

Tag recovery will be effected in the commercial fishery, at
weirs on streams and by foot survey crews on the salmon streams.

The area to be fished is a 50 mile band off the coast of
Southeastern Alaska from Yakutat to Dixon Entrance from ap-
proximately June 1 to July 31.

The program is designed to operate a minimum of five years.
All data collected will be processed by electronic data processing
methods and will be available for correlation with previous and
currlc(ant programs of the United States and Canada in this area of
work.

Personnel will involve two temporary biological aides on
each vessel and a permanent biologist in charge of the program.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Alaska State Government

5.0029, FISH POPULATIONS IN THE CHENA RIVER
F.VANHULLE, State Dept. of Fish & Game, Juneau, Alaska




5. LIVING SYSTEMS (NON-HUMAN)

Objectives: (1) Become familiar with the Chena River
watershed and test various methods of sampling the fish popula-
tions. (2) Establish techniques for determining the following
population dynamics of the fish in the Chena River: a) Species
composition. b) Age and sex composition of grayling, pike and
whitefish. c¢) Trends and extent of natural movements, d)
Spawning locations. (3) Determine the present utilization of the
recreational fishery on the Chena River.

Procedures; (1) Initial investigations will be directed toward
becoming familiarized with the Chena River watershed. The river
will be arbitrarily sectioned off to provide a number of basic
reference points for the different aspects of the study program,
Fish will be collected from the Chena River by those means which
are deemed most efficient at the time. (2) In conjunction with
Objective (2}, the following procedures will be followed: a) Loca-
tion and time of capture will be noted for all fish taken. Fish
released will be marked; in addition all grayling and pike over 6
inches will be tagged. b) Scale sainples, length and weights will be
taken of all tagged fish. In addition, random samples of grayling,
pike and whitefish will be sacrificed for sex identification. c)
Periodic sur’2ys and sampling will be conducted throughout the
year to determine, as far as possible, the movements of the fish
within the river system. Investigations will be conducted tc deter-
mine possible overwintering areas and their utilization by the vari-
ous fish populations. d) An extensive stream suivey will be in-
itiated, Basic chemical and physical data will be collected with
special emphasis placed on the location of active and potential
spawning areas. (3) Periodic fishermen interviews will be con-
ducted on the Chena River. Aerial and ground counts of the
number and location of fishermen will be made to determine
present utilization of the sport fishery.

SUPPORTED BY U.S. Dept. of Interior - Bu, Sport Fish,
Alaska State Government

5.0030, BOTTOMFISH EXPLORATIONS
B.F.JONES, U S. Dept. of Interior, Exptl. Fish & Gear Res. Base,
Juneau, Alaska 99801

Bottomfish exploration is primarily concerned with benthic
vertebrate populations. The objectives are to define, on a
seasonal basis, the quantitative and qualitative distribution of
aquatic benthic vertebrate resources having a potential for com-
merical utilization, and to providz an appraisal of those resources,
In its full extent, bottomfish exploration is a cataloging of benthic
vertebrate fauna in time and space.

Area stressed is the Northeastern Pacific primarily the Gulf
of Alaska and Berir:g Sea. The explorations are carried out by the
Juneau- based vessel John R. Manning and chartered vessels.

Sampling has been conducted aleng the Continental Shelf
with a standard commercial otter trawl. New trawling grounds
and new commericial concentrations of bottomfish have been
discovered. Sampling will be continued on the continental slope
and a reevaluation of the shelf with different types of fishing gear
Lx:}cludciing pelagic trawls will be done. Biological observations will

made.

SUPPORTED BY U.S. Dept. of Interior - Bu. Coinm. Fish.

5.0031, TECHNICAL ASSISTANCE TO INDUSTRY
B.F.JONES, U.S. Dept. of Interior, Exptl. Fish & Gear Res. Base,
Juneau, Alaska 99801

This program is structured to provide the services and skills
of a specialist (or specialists) in the field of commercial fishing to
serve as a consultant, advisor, and instructor to fishermen and
processors. The staff also provides similar services to other
disciplines of the Bureau of Commercial Fisheries in this region -
including biological, oceanographic and technological research.
- The project leader acts as liaison between the Bureau and seg-
ments of the commercial fishing industry as the need arises. In
specific situations, and under proper control, assistance may be
provided in the form of loaned fishing gear and equipment to per-
mit individuals or processors to pursue new methods or develop-
ments in potential or established fisheries.

Objectives: To furnish the fishing community with current in-
formation relative to new developments in their industry and pro-
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vide assistance in the development and/or introduction of new
fisheries to specific areas of Alaska,

SUPPORTED BY U.S. Dept. of Interior - Bu, Comm. Fish.

5.0032, FISH POPULATION OFF THE ISLAND OF TU-
TUILA, AMERICAN SAMOA

J.R. HOLLOWAY, Amer. Somoa Dept. of Agric. , Pago Pago - Tu-
tuila, American Samoa

Objectives: Locate banks and fish concentrations as well as
determine availability and abundance of bait species. Collect
specimens for taxonomic study and identification of potentially
commercially valuable species.

Procedures: Scout for fish concentrations and banks areas
using small skiff and Furuno gear. Collect specimens by handlines
and trolling. Survey acce gible in-shore arcas for bait species.

Location of Work: Around Island of Tutuila, American
Samoa,

Part 2 of 4.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
American Samoa Government

5.0033, FISH POPULATIONS OF AMERICAN SAMOA
J.R. HOLLOWAY, Amer. Somoa Dept. of Agric. , Pago Pago - Tu-
tuila, American Samoa

Objectives - Intensely fish banks and areas of fish concentra-
tion located in Phase I and other potential areas not within range
of the skiff, Determine numbers and kinds of potentially valuzble
fish and shell fish, and maintain records of seasonal and areal
variation.

Procedures - With a small sampan from Hawaii, use various
gear inciuding handlines, traps, lobster pots, seines and trolling
gear to determine species available and abundance. Records will
be kept of date of catch, total catch, gear and personnel used, spe-
cial conditions noted and other factors likely to be important in
the intelligent utilization of off-shore stocks or marine fish and
shellfish species.

Work Schedule - Initial period - from approximately Februa-
ry 1, 1967 to June 30, 1967. Phase to be extended for at least 1
year for accurate records of seasonal and zreal variation in

abundance.
Part 3 of 4.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
American Samoa Government

5.0034, TAXONOMIC STUDIES
E.S. HOBSON, U8, Dept. of Interior, Tiburon Marine Lab. ,
Belvedere - Tiburon, California 94920

Taxonomic studies (a continuous program considering
material incidently becoming available in the course of the other
projects). a. Revision of the family Scaridae in the eastern Pacific.
b. Revision of the family Labridae in the eastern Pacific.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0035, LIFE HISTORY OF CLUPEA HARENGUS PAL-
LASI
G.B. TALBOT, U.S. Dept. of Interior, Tiburon Magsine Lab. ,
Belvedere - Tiburon, California 94920

Experiments will be undertaken to artificially fertilize the
eggs of Pacific herring (Clupea harengus pallasi) and to raise
them in captivity. When competence is developed in this
procedure, experiments with these fish will be carried out to
determine the effects of varying temperatures and salinitics on
their meristic characters.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0036. TAGGING PROGRAM WITH WOODS HOLE AND

INTERNATIONAL GAME FISH ASSOCIATION FOR MAR-

gll;lJ,DSlAéLFlSH AND OTHER GAME SPECIES MIGRATION
TUDIE

G.R. TALBOT, US. Dept. of Interior, Tiburon Marine Lab. ,

Belvedere - Tiburon, California 94920
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Objective -- To determine the population distribution and
amount of inter-migration between oceanic areas for many of the
marine game species.

Procedure - Develop a cooperative sportsman tagging pro-
gram by encouraging participation by active sportsmen. Tagging
and record deeping equipment shall be furnished, and records of
all Pacific area game fish tagging shall be maintained by the Tibu-
ron Marine Laboratory. Analyses will be made of tagging recove-
ries for spzcies currently under study (marlin and sailfish). Pro-
gram expected to be expanded to include sharks and other pelagic
?)nd.fdemersal marine game species common to the castern

acific.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0037, SPECIES LIFE HISTORY AND DISTRIBUTION
E.H. AHLSTROM, U.S. Dept. of Interior, Fishery Oceanography
Ctr. , LaJolla, California

This program deals with the identification, geographic dis-
tribution, and estimates of abundance of the younger stages of
fishes--eggs, larvae, metamorphosing specimens, and juveniles--
which are collected in quantitative plankton hauls. The area of
principal concern is the California Current region off California
and Baja Cai.fornia, but pelagic fish larvae are being studied from
all parts of the eastern Pacific, including the eastern tropical
Pacific (EASTROPAC cruises). We are concerned with descrip-
tions of the younger stages of pelagic fishes and their zoogeo-
graphic distributions as related to water masses. We have
developed the use of systematic surveys of ichthyoplankton as a
fundamental means of assessing our pelagic fish resources. The
ultimate objective is the description of the developmental stages
of all common pelagic fishes in the eastern North Macific.

SUPFORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0038, SCHOOLING BEHAVIOR
J.R. HUNTER, U.S. Dept. of Interior, Fishery Ocexnography Ctr.
, La Jolla, California

The purpose of this project is to obtain information on the in-
ternal structure of adult fish schools (anchovy, sardine,
mackerels, etc.) important to the commercial fisheries of Califor-
nia. Research underway concems study, under varying environ-
mental and physiological conditions, of the manner in whick fish
react to one anothur, thereby altering the structure of the school.
This work is based on experiments performed in large holding
tanks and various experimental containers in the laboratory
ashore.

In order to test whether these experimental models of fish
school structure and behavior are applicable to fish under natural
conditions, it is planned to observe the behavior of wild schools of
the same species of fish at sea by aerial and underwater photog-
raphy. Extensions of this same project will inciude investigations
of the manner in which the adult schooling behavior patterns are
developed during the larval stages of the same species and motor
system development in larvae.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0039, FISH POPULATION PARAMETERS
J.S. MACGREGOR, U.S. Dept. of Interior, Fishery Oceanog-
vaphy Ctr. , La Jolla, California

A knowledge of the life histories of the various fish popula-
tions is necessary in ordes o understand the population dynamics
of marine fish stocks. It is especially important to discover which
factors are critical in determining year-class size. The purpose of
this project is to describe the spawning cycle of the rorthern
anchovy, of various rockfish, and of saury and to compare and
contrast fish spawning patterns in time and space. These data in
conjunction with estimates of stock abundance from egg and lar-
val surveys will be used to inventory species biomass in the
California Current.

Related work in this project includes a continuing analysis of
the age and length composition of the anchovy population in
cooperation with the Califernia Department of Fish and Game,
and the monitoring of the Ensenada wetfish landings to supple-
ment information gathered by the State from the commercial
landings of this species. ‘

5. LIVING SYSTEMS (NON-HUMAN)
SUPPORTED BY U.S. Dept. of Interior - Bu, Comm, Fish.

5.0040, FEEDING BEHAVIOR
C.P. OCONNELL, U.S. Dept. of Interior, Fishery Oceanography
Ctr. , La Jolla, California

The ingestion of food by an individual fish is the climax of a
complicated and plastic behavior pattern. This project is planned
to describe this behavior pattern, particularly for the northern
anchovy and Pacific sardine, and to determine the effects of en-
vironmental and physiological variables on the nature of the feed-
ing pattern.

Work in progress includes observation and experimentation
upon captive schools of aduits in the laboratory which will later
be extended to larval and juvenile forms, and a study of the senso-
ry mechanisms upon which the feeding behavior pattern is based
in these species.

SUPPORTED BY 1.S. Dept. of Interior - Bu. Comm. Fish.

5.0041, REARING MARINE FISH
G.0. SCHUMANN, U.S. Dept. of Interior, Fishery Oceanography
Ctr. , La Jolla, California

This project has as its primary goal the development of
techniques to hold larval fish throughout their development in a
healthy, normal condition under controlled conditions of tem-
perature, light, food, etc. in experimental containers. Because of
the excellent experimental aquarium facilities now available in
the Fishery-Oceanography Center, more than 30 species of
marine fish, including the sardine, anchovy, and Pacific mackerel,
have been successfully reared by empirical methods, from the egg
through the juvenile stage. When these techniques are stan-
dardized and quantified, it is planned to measure the effect of en-
vironmental variables on feeding, growth, survival and morpholo-
gy of larval fish by experimental work in the laboratory.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0042, SUBPOPULATIONS
A.M. VROOMAN, U.S. Dept. of Interior, Fishery Oceanography
Ctr. , La Jolla, California

The purpose of this project is to study the subpopulation
structure of commercially important fish species, i.e., to deter-
mine if a species is made up of a single homogenous population or
of several, genetically distinct subpopulations, each of which may
have different characteristics of growth, mortality, longevity,
fecundity, reigration, and availability. Initial attention was cen-
tered on the Pacific sardine and thiee subpopulations have been
recognized in this species by the frequency of occurrence of the
C-positive antigen in the red blood cell.

Similar methods of analyzing genotypes are now being ap-
plied to the northern anchovy, Pacific hake, and Pacific
mackerel. The study of each species may be divided into three
parts: 1) the development of methods to identify subpopulations
such as immunological techniques, 2) delimiting the geographical
range of each subpopulation, and 3) supply data to determine the
contribution of each subpopulation to the commercial catch.

When techniques have been worked out which will permit
satisfactory shipment to laboratories in Japan and Oceania, a
study will also be undertaken on the albacore which has been
tracked across the Pacific.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0043, DISTRIBUTION OF THE MID-WATER FISHES
OF THE GULF OF CALIFORNIA

B.H. ROBISON, Stanford University, Graduate School, Falo Alto
— Stanford, California 94305

The study is being based on collections made in the Gulf of
California by the research vessel TE VEGA during its Cruise
number 16, September 15, 1967 to December {, 1967.

Sampling gear consisted of a Tucker Trawl with an opening-
closing device, a depth recorder and an attached meter net. Col-
lections were made from Latitude 29 degrees 59° N. to Latitude
22 degrees 42' N. in the Gulf. Seventy collection stations resulting
in the capture of over 10,000 fish were made.
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Hydrographic stations were made adjacent to the trawling
sites where environmental parameters such as temperature, salini-
ty, c:jxygen concentration, and water mass structure were mea-
sured,

At the Hopkins Marine Station, the fishes are to be identified
and the collection d~ta coordinated with environmental factors to

rovide an outline of distribution. Vertical distribution relative to
ight and the deep scattering layer is also being studied.

SUPPORTED BY U.S. National Science Foundation

5.0044, FOOD HABITS STUDY OF ORGANISMS OF THE
CALIFORNIA CURRENT SYSTEM

P.M. ROEDEL, State Dept. of Fish & Game, Terminal Island,
California

Objectives: To deterinine the food habits and requirements
of as many of the significant fishes and cephalopods inhabiting the
California Current System adjacent to California as can be ac-
complished.

Procedures: Stomachs of such economically important and
potentially important organisms as hake, bonite, rockfish, al-
bacore, jack mackerel, salmon, yellowtail, barracuda, squid, etc.,
will be systematically collected throughout their range and the
contained food items will be identified to species, their number
determined per stomach, and their original sizes determined from
such component parts as can be found (fish otoliths, cephalopod
beaks, crustacean legs, etc.). Sampling will take advantage of de-
partmental investigation, both routine and exploratory, programs
of other agencies and institutions, and commercial and sport fish-
ing at ports and places of landing.

SUPPORTED BY US. Dept. of Interior - Bu, Comm. Fish.
California State Government

5.0045, SPORT FISH BEHAVIORAL STUDIES
C.H. TURNER, State Dept. of Fish & Game, Terminal Island,
California

Objective: To further our knowledge of sport fish behavior in
rocky subtidal areas with particular emphasis being placed on
sculpin (Scorpaena gutiata), kelp, sand, and spotted sand bass
(Paralabrax clathratus, P. nebulifer, and P. maculato-fasciatus,
and sheephead (Pimelometopon pulchrum),

Procedures: At every opportunity, diving observations will be
made, photographs taken and analyzed, and fish movements sty-
died. In addition, an average of 2 days per month is scheduled for
behavioral studies in promising areas where feeding, breeding,
defensive schooling, and other aspects of social life can be ob-
served and documented. Study emphasis is being placed on the
five species listed because they are known to be importiant ‘reef-
dependent' fishes (Turner, Ebert, and Given, Artificial Reef
Ecology, unpublished ms; Carlisle, Turner, and Ebert, Calif. Fish
and Game Fish Bull. 124; and Turner, Ebert, and Given, Calif.
Fish and Game Fish Bull. 140, in press) which are actively sought
by sportsmen, and because additional life history and behavior in-
formatio- .s needed to permit their more effective management.

SUPPORTED BY U.S. Dept. of Interior - Bu, Sport Fish.
California State Government

5.0046, A SIUDY OF THE RATE AND PATTERN OF
SHAD MIGRATION IN THE CONNECTICUT RIVER
UTILIZING SONIC TRACKING APPARATUS

W.C. LEGGETT, Essex Marine
ticut

Objectives: To investigate rate of movement of American
shad from the mouth of the Connecticut River upstream to in-
clude movement through the area of heated effluent outfall of an
atomic power plant before operation and through non-channeled
and major spawning area of the river.

Procedures: Shad, taken with monofilament gill nets and/or
beach seine will be tagged with sonic tags and tracked as in-
dividuals and/or loose schools through the above areas of the
river. Tagger* shad will be held in live cars to check tag operation
and delayed handling mortality. Hand held and boat mounted
hydrophone receivers will be utilized to track shad as long as

Laboratory Inc. , Essex, Connec-
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possible. Daily trips will be made to locate
be processed automatically and compared with other available
tagging data.

tagged fish, Data will

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm, Fish.
Connecticut State Government

5.0047, SHARK RESEARCH
J. OLIVE, Amer. Inst. of Biolog. Sci.
Columbia (NONR)

Under this work unit, the Shark Research Panei, the Interna-
tional Shark Tagging Program, and other coordinating activities
in relation to shark studies are supported. These activities include
a determination of the seasonal and geographic distribution of all
species of sharks on a world-wide basis and guidance for a scien-
tific campaign of research and ecucation regarding shark and
shark repellents and a cooperative effort toward these goals with
similar efforts in other countries.

This is part of the Noxious Marine Animals Program and is
concerned specifically with the biology of sharks. These primitive
fishes have adapted with great success to life in the sea and have
evolved a wide variety of physiological and behavioral responses
to marine environmental factors. These facts make the sharks a
particularly difficult animal to control. They represent a physical,
as well as a psychological, hazard to personnel operating in the
water and to survivors of plane or ship disasters. The search for an
effective control or repellent miust be based on accurate informa-
tion regarding their diverse habits and their distribution.

SUPPORTED BY U.S. Dept. of Defense - Navy

» Washington, District of

5.0048, STUDIES ON ANACANTHINE FISHES
D.M. COHEN, Smithsonian Institution, Washington, District of
Columbia 20560

Much work remains to

be done on the taxonomy of
anacanthine (cod- like) fishes.

Some projects under way are: (1)
A monograph on Anacanthini (exclusive of Macrouridae) of the
western North Atlantic. (2) A taxonomic revision of the family
Moridae (mostly fishes of the continental shelves and slopes).

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0049, SYSTEMATICS AND BIOLOGY OF EPIPELAGIC
AND BATHYPELAGIC FISHES
R.H. GIBBS, Smithsonian Institution, Washington, District of
Columbia 20560

Studies on the systematics and biology of epipelagic and
bathypelagic fishes will comprise the followint units: systematics
of Scombroidei, copepod parasites as indicators of scombroid
phylogeny, zoogeography of the midwater fishes of the western
Indian Ocean, ecological analysis of epipelagic fishes in the
western North Atlantic, ecological analysis of the midwater fishes
of a single water column in the western North Atlantic, syste-
matics and biology of Atlantic flyingfishes, systematics of the
Lancetfishes, and anatomy and histology of gonads as indicators
of relationships in decp sea fishes.

SUPPORTED BY Smithsonian Institution

5.0050, SYSTEMATIC REVISION PLATYCEPHALIDAE
{PISCES)

L.W. KNAPP, Smithsonian Institution,
Cclumbia 20560

The systematics of the Indo-Pacific fishes of the family
Platycephalidae are poorly understood. This benthic group in-
cludes approximately I 15 nominal forms, a number of which have
some importance as food. Several species have been reported to
be protandrous hermaphrodites but others appear to be
gonochoristic.

Results of several recent regional studies indicate the need
for a comprehensive family revision to untangle existing problems
in noraenclature and phylogeny. A moderate amount of material
for such a revision is available in this country. Specimens from the
International Indian Ocean Expedition are currently under study
and material at various U. S. museuins will be examined during
fiscal years 1969 and 1970.

Washington, District of




As the majority of the types and a considerable amount of ad-
ditional material must be studied in several European museums, a
two-month trip for this purpose is planned for fiscal year 197].
Other important holdings of types and additional material are
located in several Australian museums and a trip to these institu-
tions is planned during fiscal year 1972,

SUPPORTED BY Smithsonian Institution

5.0051, SYSTEMATICS AND ZOOGEOCRAPHY OF THE
BLENNIOID FISHES
V.G. SPRINGER, Smithsonian Institution, Washington, District of
Columbia 20560

The ultimate purposes of this project are: the completion of
systematic revisions of all the members of the superfamily Blenni-
icae with emphasis on variation, distribution, and relationships;
the determination of the nature of the extra-superfamilial rela-
tionships; and the application of the derived results towards an
understanding of the percoid fishes in general. Present studies
center on the osteology of the Blenniidae and a revision of the
genus Atrosalarias.

SUPPORTED BY Smithsonian Institution

5.0052, STUDIES OF FISH FAMILIES ARIIDAE AND AS-
PREDINIDAE
W.R. TAYLOR, Smithsonian Institution, Washington, District of
Columbia 20560

To study the systematics, relationships, and zcogeography of
the tropical marine catfish family Ariidae and the South Amer-
ican marine species of Aspredinidae.

SUPPORTED BY Smithsonian Institution

5.9053, OSTEOLOGY AND EVOLUTION OF ISOSPGNDY-
LOUS AND GSTARIOPHYSAN FISHES
S.H. WEITZMAN, Smithsoniar: Institution, Washington, District
of Columbia 20560

This project consists of several smaller research efforts all
contributing to the understanding of the morphology and evolu-
tion of recent, relatively primitive teleost fishes.

SUPPORTED BY Smithsonian !nstitution

5.0054, STUDIES ON OPHIDIOID FISHES
D.M. COHEN, U.S. Dept. of Interior, Systematics Laboratory,
Washington, District of Columbia 20560

There are perhaps 500 species of this group. Problems are:
(1) Definition and relationships of Ophidioidea. (2) Families of
Ophidioidea. (3) Anatomical studies which will allow definition
of genera. (4) Description of species. (5) Studies on depth and
areal distribution.

This group is an important part of the abyssal benthic fauna,
and studies on general biology of abyssal fishes will be made as
appropriate.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0055, TAXONOMIC REVISION OF BATHYLAGIDAE
D.M. COHEN, US. Dept. of Interior, Systematics Laboratory,
Washington, District of Columbia 20560

Taxonomic revision of the oceanic fish family Bathylagidae.
These are srnall midwater fishes found in all major temperate and
tropical oceans. About 20 species have been described. Keys, il-
lustrations, description and cristribution charts will be prepared.

SUPPORTED BY U.S. Dept. of Intericr - Bu. Comm. Fish.

IS“CI)Oﬂz, SYSTEMATIC STUDIES ON THE FAMILY SCOM-
IDAE
B.B. COLLETTE, U.S. Dept. of Interior, Systematics Laboratory,
Washington, District of Columbia 20560

The family Scombridae is comprised of some 40-45 species
of medium to large-sized fishes found in all the oceans. Many are
of great commercial importance. The classification, both at the
generic level and the species level, is confused in spite of the large
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amount of time and money that has been spent trying to solve the
problems in the group. The search for characters useful in defin-
ing taxa within the family has lead to the use of internal characters
such as the osteology, circulatory system, and position of the
viscera. This project is a long-term study that will redefine all the
genera and species and provide keys for identification, figures,
distribution maps, and summaries of the biology. A preliminary
review of the family, an illustrated key to the species of the Indian
Ocean, and anatomical and systematic revision of the great tunas,
genus Thunnus have been published. Studies of Euthynnus, Kat-
suworius, and Allothurnus are under way. Skeletal material of all
forms is being accumulated.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0057, DESCRIPTIONS OF NEW SHARKS
S. SPRINGER, U.S. Dept. of Interior, Systematics Laboratory,
Washington, District of Columbia 20560

Collections of sharks made by research vessels over the past
few years are being studied. These appear to contain at least 10
new species which will be described for publication, Continuing.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0058,
HINIDAE
S. SPRINGER, U.S. Dept. of Interior, Systematics Laboratory,
Washington, District of Columbia 20560

The work to redefine the family Scyliorhinidae, its genera,
and the 50 to 60 included species. The last general revision
(1908) and a partial revision (1948) were brief and were based
on examinations of small numbers of specimens with attention to
only a few morphological details.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

A REVISION OF THE CAT SHARKS, SCYLIOR-

5.0059, SYSTEMATIC STUDIES OF FISHES
F.H. BERRY, U.S. Dept. of Interior, Trcp. Atlantic Biolog. Lab. ,
Miami, Florida

Objectives: To improve upon our knowledge of the taxono-
my of the orders, families, genera, and species of marine fishes,
principally those of the Atlantic Ocean. To facilitate the ready
identification of these fishes, especially those of commercial or
potentially commercial importance. To determine data on the
morphology and ontogeny of these fishes that will assist in carly
development and in life history studies. In the study of selected
fish groups, to develop principles of morphology and ontogeny
that will relate to the resolution of knowledge of other similar but
unstudied groups.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0060, TAXONOMY AND BIOLOGY OF CLUPEOID
FISHES
F.H. BERRY, U S. Dept. of Interior, Trop. Atlantic Biolog. Lab. ,
Miami, Florida
To discriminate between the various species of Clupeidae

and Engraulidae, especially those of tropical and subtropical
marine waters, with emphasis on the Atlantic Ocean. To do this
by study of their comparative morphology, and to a lesser degree
with biochemical, behavioral, and certain life history studies. To

repare a field guide of these species that will facilitate their
identification by ichthyologists, fishery biologists, and fishermen.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0061, SYSTEMATICS OF CARANGID FISHES
F.H. BERRY, U.S. Dept. of Interior, Trop. Atlantic Biolog. Lab. ,
Miami, Florida

To obtain additional specimens of carangid fishes and ap-
propriate ficld data to allow resolution of the taxonomic problems
concerned. To prepare scientific accounts in the field guides that
will define the various species and growth stages.

SUPPORTED BY U.S. Dept. of Inicrior - Bu. Comm. Fish.
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§.0062, BEHAVIOR OF LARVAL FISHES
W.J. RICHARDS, U.S. Dept. of Interior, Trop. Atlantic Biolog.
Lab. , Miami, Florida

Objectives: 1. To rear fish larvae for confirmation of identifi-
cation. 2. To study the growth, feeding habits, and tolerance of
the larvae to temperature, salinity, oxygen, light and other en-
vironmental variables. 3. To study the general ethology of larvae
and, in particular, their behavior in relation to thermal stratifica-
tion and other simulated environmental barriers. 4. To study the
feasibility of rearing fishes from the eggs on a commercial basis.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0063,
TUNAS
J.P. WISE, U.S. Dept. of Interior, Trop. Atlantic Biolog. Lab. ,
Miami, Florida

Objectives: To determine the effect of environmental
parameters on the geographical and temporal distribution of At-
lantic tunas in sufficient detail to be able to predict such distribu-
tions from knowledge of the environment so as to increase the ef-
ficiency of fishing effort.

Fishery-oceanography surveys of the tropical Atlantic have
been and will continue to be carried out by research vessels of this
laboratory. Such surveys will yield data that will allow comparison
in space and in time of the ecology and life history, as well as the
population dynamics of the tunas in the areas surveyed.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

DISTRIBUTION AND ECOLOGY OF ATLANTIC

5.0064, MIGRATION OF ATLANTIC TUNAS
J.P. WISE, U.S. Dept. of Interior, Trop. Atlantic Biolog. Lab. ,
Miami, Florida

We have made explorations into the possibilities of initiating
a tagging program in cooperation with ORSTOM, and other West
African activities. Operations probably will start in the West
African tuna fishery. A staff member has investigated the possi-
bilities of such an arrangement during a trip to African tuna ports.
Present thinking lies along the lines that the BCF {TABL) ccor-
dinate and finance most of such a cooperative program, and that
the other participating agencies provide the majority of the field
personnel.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0065, POPULATION DYNAMICS OF ATLANTIC TUNAS
J.P. WISE, U.S. Dept. of Interior, Trop. Atlantic Biolog. Lab. ,
Miami, Florida

The most essential need is for a reliable estimate of the mag-
nitude of the fishery, i.e., the total catch and landings.

Second in importance is to obtain reliable figures on the
catch- per-unit effort involved for at least representative portions
of the fishing fleets, in order to estimate relative abundance and
changes in abundance of the fishable stocks.

Third is the biological sampling of the fishery--collection of
data on length, weight, state of gonad development, stomach con-
tents, etc., from the landed fish. Some of this information also is
essential to other projects within this program.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0066, ICHTHYOFAUNA OF THE FLORIDA CURRENT
C.R. ROBINS, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

The studies are on the fish faunas of the Florida current have
emphasized seasonal and depth distribution and ecological
parameters otherwise influencing numbers and abundance. Sam-
pling of the fishes and photographs of the sea bottom has enabled
many distribution abundance questions tp be answered. The
overall aim is to identify the populations of fishes at all depths and
latitudes in the Florida Current area, and to determine what
ecological factors are responsible for differences in numbers and
distribution.

SUPPORTED BY U.S. National Science Foundation
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5.0067, SHORE FISHES OF ANNGBON AND FERNANDO
POO

C.R. ROBINS, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

Objective: To study comprehensively the collections of shore
fishes collected at 18 stations at Fernando Poo and Annobon and
to report on them in a series of short papers plus a comprehensive
terminal report. The study will emphasize description and charac-
terization and will not attempt (as part of this effort) to fill the
more long term need for detailed comparisons of transatlantic
populations, etc.

Drawings will be made for the new species or for those previ-
ously unfigured or poorly illustrated. In some instances photo-
graphs will suffice, but in most, particularly the smaller forms,
drawings are desirable.

The collections are now in aleohol but they must be sorted
and processed. Most matcrial ultimately will be deposited in

either the National Museum, the Academy of Natural Science, or
in both.

SUPPORTED BY U.S. National Science Foundation

5.0068, OCEANIC FISHES OF THE TROPICAL ATLAN-
TIC

C.R. ROBINS, Univ. of Miami, Graduate School, Miami - Coral
Gables, Florida 33124

This investigation is for the continuation of the research in-
itiated under GB-1350 and GB-4389 for long-range exploration
of the oceanic fish fauna of the tropicai Atlantic.

The ichthyological program of the Institute of Marine
Science has aimed since its inception at the delineation of the fish
fauna of the Tropical Atlantic and at understanding the various
community structures. Two aspects have been considered at the
same time. One, to deterniine what species occur in various re-
gions, has led to and continues to involve systematic studies of the
fishes. The second aspect is to pick certain areas and to work
them thoroughly and repeatedly so that information can be
gained on the biology and ecology of oceanic fishes and their
varied environmental roles.

The primary objectives of the present project are: 1) to
complete the initial survey from 10 to 2000 fathoms along the
Central American Coast and around Yucatan and into the
western Straits of Florida, 2) to survey the hump cf Brazil and the
Fernando Noronha Archipelago, 3) to work along the coast of
Colombia eastward from Cartagena and as time permits along the
Antillean Arc, and 4) to continug the detailed studies of the fishes
of the Straits of Florida with attention to seasouai, geographic,
and bathymetric aspects and to the stages of the life history of the
fishes involved.

SUPPORTED BY U.S. National Science Foundation

5.0069, STUDIES ON THE SPORT FISHERY FOR BILLF-
ISHES AND TUNAS IN THE WESTERN ATLANTIC AND
SOUTHEASTERN PACIFIC OCEAN.

D.P. DESYLVA, U.S. Dept. of Interior, Bureau of Sport Fish. &
Wife. , Panama City, Florida 32401 {14-16-0008-775)

Objective: To carry out a survey of the sport fishery for billf-
ishes and tunas in the western hemisphere.

Information will be obtained on: (a) what species of sailfish,
marlins, swordfish, and tunas are caught by anglers in the western
hemisphere; (b) their seasonal distribution; {c) size composition
of catch; (d) an estimate of the number of anglers engaged in the
sport fishery; (e) the economic value of the fishery; and (f) the ef-
fect, if any, on the sportfish catch by commercial fishermen as
reflected in either decrease in size of fish landed by spertsmen or
decrease in catch per unit of effort.

Questionnaires will be maiied to anglers, charterboat cap-
tains, angling clubs, marinas, and bait and tackle dealers who
migh be able to supply the above information. Personal iogs and

records will be borrowed or copied, and the data reduced for IBM
processing.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.




5.0070, ENVIRONMENTAL EFFECTS ON ISTIOPHORID
FISH DISTRIBUTION
N.G. VICK, U.S. Dept. of Interior, Bureau of Sport Fish. & Wife. ,
Panama City, Florida 32401

The objective of this study is to establish and test relation-
ships between the seasonal distribution and appearance of
istiophorid game fishes in the northeastern Gulf of Mexico and
seasonally hydrographic features producing quasi-stationary ed-
dies. Twenty-four cruises are planned to test previously deter-
mined relationships determined through the cooperative efforts
of the Texas A & M Research Foundation, the Office of Naval
Research, and the Bureau of Sport Fisheries and Wildlife. Predic-
tive techniques will be tested and information made available to
sportsmen. Technical data secured to aid in management recom-
mendations for these particular species will also be tested. Certain
biological materials, i.e., eggs, larvae, serum samples, and ju-
veniles of these pelagic species will be collected for distribution to
other laboratories.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.

5.0071, INVENTORY OF LARVAL FISH
L.G. MCBAY, State Game & Fish Commission, Atlanta, Georgia
Objectives: To identify the types of marine or brackishwater
larval fish available for flooding into the public fishing area.
Procedures: A large number of samples have been taken in
conjunction with this project which have not been analyzed.
Several additional samples include larval species which have not
been positively identified.
A considerable period of time will be necessarily allotted to
this phase of the project. A collection of keys and references is
partially complete. Others will be reviewed and utilized whenever

possible in identifying the larval fish on hand from previous
sampling

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport "ish,
Georgia State Government

5.0072, FISHES TAKEN INCIDENTAL TO SHRIMP
TRAWLING

W.W. ANDERSON, U.S. Dept. of Interior, Biological Laboratory,
Brunswick, Georgia

During the course of studies conducted on the white shrimp,
Penaeus setiferus, along the south Atlantic cost of the U. S. during
the period of 1931 to 1935, records were made on the numbers of
the various species of fish taken incidental to trawling for shrimp.

Objectives are to make available in processed form, both
tabula; and graphic, the information on relative abundance of
families and species of fishes, seasonal abundance of the species
by regions, and related information, as revealed from shrimp
trawling operations.

These records contain valuable information on relative
abundance of the various families and species of fish, seasonal
abundance of species in the various regions, and depict the
average fish catch of a shrimp trawler during the period of opera-
tion. Information from this study will contribute much to the
broader estuarine studies planned for future years.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comtu. Fish.

5.0073, YOUNG FISHES OF A TIDAL ZONE
J.W. GEHRINGER, U.S. Dept. of Interior, Biological Laboratory,
Brunswick, Georgia

During a 7-year period (1953-1960) a systematic collection
of larval and juvenile fishes was obtained from three types of
habitat in coastal Georgia; an outer beach on St. Simons Island--a
favorite habitat for the young of many species; the marshes which
lie between the barrier islands and the mainland--a rich habitat
serving as nursery grounds for the young of many species of fish
and shrimp; and about tidewater limits in the fresh water Al-
tamaha River--the young of some marine species are frequently
taken under such conditions.

Objectives are to determine the species and size groups of
fish occurring in the several habitats, their seasonal distribution,
apparent hydrographic preferences and related facts. Many of the
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series will be incorporated into life history studies on individual
species--some of which are spawned in the open ocean but utilize
coastal and estuarine waters during part of their early develop-

ment. This study will contribute heavily to the broad estuarine
studies planned for future years.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0074, IDENTIFICATION AND DESCRIPTION OF FISH
LARVAE

J.W.GEHRINGER, U.S. Dept. of Interior, Biological Laboratory,
Brunswick, Georgia

Project objectives are to identify to the most finite taxon
possible (be it species, genus, or family) the fish larvae from col-
lections of the M/V Theodore N. Gill made between February
1953 and December 1954 over the area from Cape Hatteras to
the Bahamas and southern Florida, and from the beaches to
beyond the Gulf Stream; scine collections; and other sources.
Whenever possible, ontogenetic series which may be positively
identified with iarger fish to species are assembled and may be in-
sorporated into early life history and other studies.

Knowledge of the fish occurring off the south Atlantic coast
of the U. S. is limited; abundance of the various species is poorly
known; and the life history has been determined on only a few
species. We must be able to identify the fish larvae of the area if
the early life histories are to be determined. With this accom-
plished, we can then determine the dispersal and abundance of
many of the species.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0075, INTRODUCTION OF MARINE GAME FISHES
FROM AREAS IN THE PACIFIC

R.K. KANAYAMA, State Dept. of Land. Nat. Res. , Honolulu,
Hawaii 96813

Objectives: 1. To conduct follow-up observations and to
document information relating to the probable establishment of
exotic marine fish species introduced during previous segments
and to ascertain if these species are established well enough to
permit sport fishing for them.

Procedures: 1. For purposes of gathering data on the status of
the exotic marine fish introductions released to date: (1) SCUBA
dives will be conducted at sitcs known to harbor thc exotic spe-
cies or in areas where they have been reliably reported as having
been sighted, and (2) commercial and sports fishermen will be in-
terviewed in order to gather information on possible inadvertent
capture of the exotics. 2. Sampling of the cxotics may be at-
tempted by use of fish toxicants, traps, scines, spears, angling or
other suitable methods. 3. The feasibility of importing additional
stocks of groupers, especially matapuu (Epinephelus fusciatus)
and pukokoo {E. spiniger), and the snappers, tuhara (Lutjanus
gibbus) and aaravi (Lethrinus sp. ) should be investigated. The ap-
parent failure of these species to establish themselves in Hawaii,
thus far, is believed to be due mainly to insufficieat numbers that
were released originally.

SUPPORTED BY U.S. Dept. of Interior - Bu. Sport Fish.
Hawaii State Government

5.0076, INVESTIGATE TUNA SUBPOPULATIONS
THROUGH THE USE OF BLOOD GROUPS AND IN-
HERITED PROTEINS

K. FUJINO, U.S. Dept. of Interior, Burcau of Comm. Fisheries,
Honolulu, Hawaii 96812

The objective of this project is to determine whether certain
tuna resources are represented by a single ocean-wide population
unit or arc made up of smaller units, or subpopulations, of which
the distribution of cach is confined to smaller geographical area.

Such knowledge is important in understanding the effects of
the fisheries on the resources and the development of proper
managenient techniques for these resources.

Inherited characteristics of red blood cells, serum proteins
and cnzymes have been found in skipjack, yellowfin, bigeye,
blucfin, and albacore tunas.
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A series of extensive Pacific-wide population studies of skip-
jack tuna has indicated (1) that skipjack tuna taken from the
western Pacific (Palau, Mariana, Okinawa, and Japan coast) be-
long to a subpopulation (or subpopulations) which does not ap-
pear in the central Pacific (Hawaii, Line, and Society Islands) and
eastern Pacific (Baja California) and (2) that skipjack tuna ap-
pearing in the central and eastern Pacific do not constitute a
homogeneous population unit. Relations of skipjack that appear
in the central, north and south Pacific and eastern Pacific are now
being studied.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0077, INCREASE EFFICIENCY OF HAWAIIAN SKIP-
JACK FISHERY

T.S. HIDA, U.S. Dept. of Interior, Bureau of Comm. Fisheries,
Honolulu, Hawaii 96812

Skipjack tuna fishermen in Hawaii spend a substantial
amount of their time fishing for the live bait necessary for skip-
jack fishing. It is generally agreed among members of the fishing
industry and scientists that elimination of the baitfishing opera-
tion would result in a significant increase in the yield of skipjack
from Hawaiian waters.

The present project is designed to establish a pilot scale bait-
fish-catching and baitfish-holding facility to determine if the
separation of the baitfish activity from the actual skipjack fishing
operation will result in an economical gain to the fishermen. The
expected increase in catch would have to be large enough to com-
pensate for the cost of operating the baiting facility. The
establishment of a baitfish handling facility, then, will eliminate
the need for a fishing boat to devote time and effort to a non-fish-
ing activity. If successful, a full scale baiting facility could result in
an additional 5-7 million pounds of skipjack landed per year. The
present average annual catch is 10 million pounds.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0078, DEVELOP TECHNIQUES FOR CAPTURING JU-
VENILE TUNAS

B.E. HIGGINS, U.S. Dept. of Interior, Bureau of Comm. Fishe-
ries, Honolulu, Hawaii 96812

Despite the many and intensive investigations during the past
half century on the biology of the commercially valuable tunas of
the Pacific Ocean, basic information of the younger stages is me-
ager. Significant progress has been made in recent years on the
identification, distribution, and abundance of larval tunas caught
in plankton nets. Problems in identification of tuna larvae con-
tinue to exist, however, partly because large specimens needed to
complete the size series necessary for identification are seldom
captured by conventional sampling methods.

Juvenile tunas must be collected in large numbers in order to
facilitate (1) the identification of immature specimens of each
species and (2) the comparison of the immunogenetic affinities of
skipjack and other tunas from different parts of the Pacific
Ocean. Such information is required to delineate spawning areas
and for an understanding of the relative contributions of the vari-
ous subpopulations of skipjack and other tunas to the fisheries of
the Pacific Ocean.

The objectives of the proposed investigation are (1) to
develop techniques for capturing large numbers of juvenile skip-
jack and other tunas with a midwater trawl, (2) to investigate the
feasibility of obtaining blood samples from juvenile skipjack and
other tunas, and (3) to provide information on the bathymetric
and areal distribution and abundance, ecology, morphology, and
subpopulations of juvenile skipjack and other tunas. A 3-month
trawling cruise was completed in summer 1967 in Hawaiian
waters. .3 total of about 1000 juvenile and prejuvenile tunas was
collected in 83 six-hour hauls. Blood typing at sea was found to be
feasible for 10-15 cm. tunas. Future plans are to extend trawling
effort to the equatorial central Pacific, the arca which, by
hypothesis, supplics the 70,000 metric ton per year castern
Pacific skipjack tuna fishery.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
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5.0079, INVESTIATE SYSTEMATICS AND ECOLOGY
OF TUNA LARVAE AND JUVENILES

W.M. MATSUMOTO, U.S. Dept. of Interior, Bureau of Comm.
Fisheries, Honolulu, Hawaii 96812

Close resumblance among the young of various species of
tunas renders their identification difficult. Differing results ob-
tained by various workers have yet to be resolved. Resolution of
the identification problem will enable a better definition of
spawning areas and seasons for the various species of tunas.

Al available characters--morphometric measurements,
meristic counts, sequence of pigment changes, etc.--are utilized to
arrive at definitive identifications. Greater emphasis is being
placed in artificial fertilization methods to obtain larvae of known
identity. Of those species whose identity is more definite, particu-
larly skipjack, delimitation and definition of spawning areas in the
equatorial central Pacific are being investigated.

Other methods of identifying young tunas are being in-
vestigated. Preliminary work has been initiated on the study of
adult eye lens protein of various tunas using the starch gel elec-
trophoresis methods to determine if species separation 1s possible.
This study is being pursued further under contract and, if success-
ful, the method will be used to identify the young.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0080, DETERMINE ALTERNATE LIVEBAIT SPECIES
E.L. NAKAMURA, U.S. Dept. of Interior, Behavior & Physiol.
Prog. , Honolulu, Hawaii 96812

The Hawaiian fishery for skipjack tuna is believed to be capa-
ble of yielding more than double its present yearly landings. Since
the fishery is dependent upon the use of live bait, live bait can be
and often is a limiting factor in the landings. Of the combined
time fishermen spend fishing for skipjack and catching bait, as
much as 50 percent may be spent catching bait. If an alternate
bait, one that is acceptable to fishermen and one which is as effec-
tive as that presently used by the fishermen, can be found and cul-
tured, the amount of time spent catching natural bait could be
greatly reduced. This in turn would greatly increase the amount of
time spent fishing for skipjack. The live bait used by the fishermen
is the nehu, Stolephorus purpureus, a small Hawaiian anchovy. It
is a species which is not too hardy and often suffers high mortali-
ties after capture. Thus, a substitute bait, one which is as good as
the nehu in attracting skipjack to the stern of a vessel and which
will withstand handling and which will be acceptable to the fisher-
men would be a great boon to the industry.

The objectives of this project are to identify and quantify the
qualities of a good live bait, find one or more species possessing
these traits, test them at sea in the fishery, and determine the best
means of culturing those that are efficacious.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0081, INVESTIGATE POPULATION DYNAMICS OF AL-
BACORE

T. OTSU, U.S. Dept. of Interior, Tuna Ecology Program, Honolu-
lu, Hawaii 96812

Infermation on the vital statistics of the albacore populations
is necessary in order to estimate the maximum sustained yield of
this resource. Furthermore, studies on the population dynamics of
the albacore are required in anticipation of possible international
discussions on management problems.

The tuna longline fishery based in American Samoa has
grown rapidly since its start in 1954, There is now a sizeable con-
centration of Korean, Chinese, and Japanese fishermen based in
American Samoa. There are nearly 200 vessels in the fleet. The
landings of albacore, the principal species landed by the fleet,
have increased from 338 metric tons in 1954 to about 26,000
metric tons in 1966. The South Pacific albacere, which seems to
be the only longline-caught tuna that is not now being fished at
the maximum rate, may not enjoy this distinction for very long,
however. With the continually increasing fishing effort, it is vitally
important that developments in this fishery be followed closely.

Excellent data from the fishery, obtained through the volun-
tary cooperation of the Japanese, Korean, and Chinese vessel
operators, as well as biological data collected by our staff mem-
bers stationed in Samoa, arc being placed on IBM cards for
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analyses. Some analyses have been made and the results have
been prepared for publication. These data will play an invaluable
part in our study of the population dynamics of the species; to
learn the responses of the albacore to environmental and to fish-
ing pressure, and to determine the effect of each on the popula-
tion size.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0082, ASSESSMENT OF CENTRAL PACIFIC TUNA
RESOURCES
B.J. ROTHSCHILD, U.S. Dept. of Interior,
Fisheries, Honolulu, Hawaii 96812

The central Pacific is a vast area that contains many fish
stocks that undergo varying degrees of exploitation. Some of
these stocks, such as the tunas, are quite valuable commercially.

The objective of this project is to determine the location and
abundance and population dynamics of the tuna fishery resources
in the central Pacific and to develop techniques for optimum ex-
ploitation of these resources. In order to demonstrate these we
need to know the expected apparent abundance and size distribu-
tion tgf each commercially important tuna species in the central
Pacific.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

Bureau of Comm.

5.0083, INVESTIGATE POPULATION
SKIPJACK TUNA IN HAWAIIAN WATERS
B.J. ROTHSCHILD, U.S. Dept. of Interior,
Fisheries, Honolulu, Hawaii 96812

The basic problem in this proje. t is to evaluate the methods
by which skipjack tuna (Katsuworas pelamis) fishermen in
Hawaii can obtain the maximum production of skipjack in terms
of the amount of effort expended. This knowledge is closely tied
in with the dynamics of the skipjack popuiation, the environment,
and the resnonse of skipjack to variations in the environment and
to exploitation by man. To evaluate these continuing population
changes, we have used quantitative measures such as catch and
effort data.

An approach to the problem is the OPERATIONS ANALY-
SIS project whereby observers are placed aboard the local skip-
jack fishing vessels during the peak fishing season to obtain
detailed data of all aspects of the fishing operations, including
baiting, scouting, and fishing. This project was implemented dur-
ing the summer of 1967 and plans are to continue it over several
seasons. The data will be analyzed and used as a basis for develop-
ing an optimum fishing strategy for the Hawaiian skipjack fleet.

In addition to fishery data, environmental data are also col-
lected by the observers, in order that studies can be made of the
relationship of skipjack tuna to the environment. The purpose is
to improve fishing strategy by eliminating much of the unproduc-
tive scouting effort necessary under present operations.

There are other broad problems that bear on the specific
problem. Since the Hawaiian skipjack fishery depends on livebait,
the variation in availability and abundance of the bait is but one of
these highly important problems. Size of vessel, fishing areas, the
effectiveness of the fishing effort, and gear competition are other
factors that need to be evaluated. Finally, there is a need to ex-
amine these problems using different types of data in order to
refine our estimates.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

DYNAMIC5 OF

Bureau of Comm.

5.0084, DEVELOP HIGH-SEAS TUNA FISHERY
R.S. SHOMURA, U.S. Dept. of Interior, Fishery Development
Prog. , Honolulu, Hawaii 96812

There is a growing body of scientific evidence which suggests
that there is a large underutilized skipjack tuna resource in the
central tropical Pacific Ocean. The potential annual yield has
been estimated conservatively to exceed 150,000 metric tons.
Present indications are that these skipjack cannot be caught with
existing conventional fishing gear. The objective of this project is
to develop a method of catching skipjack tuna in commercial
quantities in the high seas of the central tropical Pacific Ocean.

From present indication this will involve the design and develop-
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ment of a new fishing gear and technique or a modification of ex-
isting fishing gears and techniques.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

5.0085, INVESTIGATE TUNA RESOURCES OF THE
TRUST TERRITORIES

R.N. UCHIDA, U.S. Dept. of Interior,
ries, Honolulu, Hawaii 96812

In the Pacific the annual landings of skipjack tuna have con-
sistently ranked first among the commercially important tuna spe-
cies. Despite the important of skipjack, the total knowledge of its
biology is limited and relatively little is known of its movements,
growth, population size, etc. The objectives of this program are:
(1) collect biological and environmental data which will aid the
\.S. fishing industry in the Trust Territory in understanding the
resource and developing the industry to its maximum potential
and (2) collect biological and environmenta! data which will add
to our knowledge of the skipjack tuna and eventually lead to un-
derstanding the dynasmics of the skipjack subpopulations. A skip-
jack sampling station in the Palau Islands has been initiated to (1)
obtain data on the size composition of the tuna catch, (2) obtain
catich and effort data of tuna fishing, (3) obtain samples of bait-
fish species for taxonomic studies, (4) obtain catch and effort
data on baitfish catches, and (5) obtain through tagging, data on
growth and movements of skipjack and yellowfin tunas in the
Trust Territory region.

The Palau fishery is expected to be one of a number of fishing
centers ir; the Trust Territory. Ecological studies of skipjack tuna
will extend out on a broad scale to include at least the areas of
Palau, Truk and Saipan.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

Bureau of Comm. Fishe-

5.0086, DEVELOP  FISHERIES
RESOURCES

H.O. YOSHIL A, U.S. Dept. of Interior,
ries, Honolulu, Hawaii 96812

With the exception of the tuna
ing effort in the Hawaiian Islands is restricted to the shallow
waters near shore. The only fishing done in watess exceeding 50
fathoms in depth is bottom fandline fishing for snappers.

The objective of this project is to evaluate the fishery
resources of the deeper waters of the Hawaiian Islands chain by
using various types of conventional fishing gears. If latent or un-
derutilized resources are located, effort will be directed to en-
couraging the development of a commercial fishery.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
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Bureau of Comm. Fishe-
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5.0087, MECHANISMS AFFECTING THE VERTICAL
AND HORIZONTAL DISTRIBUTION OF TUNAS AND RE-
LATED SPECIES
H.S. YUEN, U.S. Dept. o
Honolulu, Hawaii 96812
Information on the vertical distribution of tunas and related
species has been obtained in the past mostly from sampling by
longlines and deep trolling. Because of the time-consuming na-
ture of these techniques information has been collected at a very
slow rate resulting in an incomplete picture of vertical distribu-
tion and limited to the depth range of the gear used, To increase
ability to study horizontal and vertical distribution of tuna,
behavior of subsurface schools, and movement of tuna schools, an
especially designed high-resolution sonar was built and installed
on the TOWNSEND CROMWELL. This instrumznt will provide
the means of not only increaing the rate of collecting data but col-
lecting data unobtainable by other methods, for example, the
depth limits of occurrence, size of school, the rate at which depth
changes are made, swimming speeds at various depths, shapes of
schools, the pattern of depth changes which may be investigated
in relation to other variable such as fish size, time of day, salinity,
teraperature, light, features of the ocean bottom, presence of
other organisms, etc. The need for data on vertical distribution
and the factors which control the vertical distribution is particu-
larly acute for the Hawaiian fishery for skipjack.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

f Interior, Bureau of Comm. Fisheries,
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5.0088, TAXONOMY AND DISTRIBUTION OF CLU-
PEOIDS AND REVISION OF THE GENUS iLISHA OF THE
FAMILY CLUPEIDAE ~

R.V. SESHAIY A, Annamalai University, Porto Novo, India

The objective of this project is to collect and to preserve for
study large series of the various kinds of clupeoid fishes from the
estuaries and marine waters of India - with emphasis on the
coastal area south of 13 degrees North latitude, as time and facili-
ties allow. To study, compile and analyze data from, and to assess
the taxonomy of the fishes of the clupeid genus llisha from the In-
dian Ocean; and to prepare this revision for inclusion in the ‘Field
Guide to the Clupeoid Fishes of the Indian Ocean.’

Specimens of clupeoid fishes will be collected from Indian
waters by seine and other gear, and specimens not available el-
sewhere will be purchased from commercial fishermen. Descrip-
tive fiel¢ data will be recorded, especially on coloraticn of live
and fresh specimens, and on schooling habits and behaviour.
Coincident to this, small synoptic series of other families of fishes
will be collected for other taxonomic studies. The specimens col-
lected will be preserved in 10 percent Formalin. Specimens of the
genus Ilisha will be sorted from the collections and retained for
study; specimens of the remaining families will be made available
to research workers studying those families in collaboration with
the Field Guide. Counts, measurements and morphological data
will be recorded from the specimens of llisha following
procedures established for the Field Guide, The taxonomy of the
clupeid genus llisha in the Indian Ocean will be revised. lllustra-
tions of each species and a manuscript guide to their identifica-
tion will be prepared; these will be inccrporated into the manus-
c(:)répt on the ‘Field Guide to the Clupeoid Fishes of the Indian

ean.’

SUPPORTED BY U.S. Dept. of Interior - Bu. Ccuum. Fish.

5.0089, ECOLOGICAL INVESTIGATIONS OF SOME
COMMON MARINE FISHES OFF THE MEDITERRANEAN
COAST OF ISRAEL
L.B. ZISMANN, Israel Sea Fisheries Res. Sta. , Haifa, Israel

The objectives of this project are: 1. To find what forms enter
the food web of fish on the continental shelf of Israel’s Mediter-
ranean coast and their relationships. 2. To find the distribution
and range limits according to depths, bottom structure, and
distance from shore of the more common species of fishes. 3. To
assess the relative abundance of the fish species. 4. To collect
geneial biological data such as: spawning period, seasonal fluc-
tuations, size-range, etc., on those fishes important in the food
web for which such data is not yet available. 5. To consider which
factors may influence population fluctuations.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.

50090, MOVEMENTS OF FRESHWATER CATFISH IN
THE ESTUARIES OF SCUTHWEST LOUISIANA
W.G. PERRY, Rockefeller Wildlife Refuge, Grand Chenier, Loui-
siana 70643

Freshwater catfish will be collected, their total length and
weights recorded, and the chemistries of the water from which
they are obtained analyzed.

Recaptured fish will again be measured, weighed and water
chemistry analyzed.

Objectives: 1. Determine if the freshwater catfish migrate in
accordance with the salinity fluctuation. 2. Detezmine which of
the catfish species present to be more tolerauit io salinity.

SUPPORTED BY Louisiana State Government

50091, LAKE BORGNE-CHANDELEUR SOUND SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. Determine the distribution and density of the

fauna of the phase area. 2. Determine the hydrography of the
phase area. 3. Process the data.

Procedures and Work Schedule: 1. Weekly plankton sam-
ling in the major passes and throughout the system with a 6-foot
cam plankton net. 2. Weekly sampling throughout the major

nursery areas with a 6-foot 1/4' mesh trawl. 3. Bi-weekly sampling

throughout the major nursery and near offshore areas with trawls.
4. Bi-weekly seine sampling at selected sites. 5. Monthly benthic
sampling at selected sites. 6. Collection of selected hydrographic
information at each sample station and continuous recordings of
salinity temperature and tidal movements at selected stations. 7.
The processing, tabulating and summarizing of collections and
raw data which are to be transmitted to the project leader at the
marine laboratory for compilation, analysis and interpretation.

Location of Work: This area is defined by the Mississippi
State line on the east and Bayou Terre aux Boeufs on the south.
The area includes the following major bodies of water: Chan-
deleur Sound, Mississippi Sound, and Lakes Borgne, Pontchar-
train and Maurepas.

Part 2 of 6.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Louisiana State Government

5.0092, TIMBALIER - TERREBONNE BAYS SYSTEM
J.G. BROOM, State Wildlife & Fish Comm. , New Orleans, Loui-
siana

Objectives: 1. Determine the distribution and density of the
fauna of the phase r.rea. 2. Determine the hydrography of the
phase area. 3. Process the data.

Procedures and Work Schedule: i. Weekly plankton sam-
pling in the major passes and throughout the system with a 6-foot
beam plankton net. 2. Weekly sampling throughout the major
nursery areas with a 6-foot 1/4* mesh trawl. 3. Bi-weekly sampling
throughout the major nursery and near off-shore areas' with
trawls. 4. Bi-weekly seine sampling at selected sites. 5. Monthly
benthic sampling at selected sites. 6. Collection of selected hydro-
graphic information at each sample station and continuous
recordings of salinity temperature and tidal movements at
selected stations. 7. The processing, tabulating and summarizing
of collections and raw data which are to be transmitted to the pro-
ject leader at the marine laboratory for compilation, analysis and
interpretation.

Location of Work: This area extends from Bayou Lafourche
on the east to Bayou Grand Caillou on the west, and includes
Timbalier and Terrebonne Bays, Lake Pelto, and the intricate
marshes north of these Lodics.

Part 3 of 6.

SUPPORTED BY U.S. Dept. of Interior - Bu. Comm. Fish.
Jouisiana State Government

5.0093, BRETON SOUND - MOUTH OF MI