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Director’'s Comments

Historically our study of the oceans has attempted to encompass
events at the local and global scales. Our predecessors went
from collecting near shore to the deep-sea studies of the
Challenger Expedition, from the Cape Cod salt marsh to North
Atlantic circulation. In recent years we have focused on interme-
diate scales such as the Gulf Stream Rings. Now, once again, we
are looking to global-scale events. What do we want to know
scientifically? What do we need to know in a social context?

We talk about the ocean climate, partly by analogy with our
atmospheric climate, but mainly in terms of the close relation
of atmosphere and ocean. That analogy is relevant in terms of
what we need to know. The regular cvcles, diurnal or seasonal,
clearly must be understood, but it is the departures from these
average patterns that are critical for our social systems. We have
learned to make some predictions about our weather and we
know the limits to such predictions — about 10 days. Thus, we
can separate weather from climate and realize that for the latter
we shall need different concepts — concepts which must include
the oceans as a central element. Our historical records show
not only the year-to-year variability, but the longer term trends
such as little ice ages. The recent increases in atmospheric CO,
and the potential “greenhouse effect” are realities in the sense
that there is general agreement about some atmospheric tem-
perature increase. However, there is less agreement about the
magnitude of this effect and, especially, time scales on which

it may occur. The critical factor is the role of the oceans. We
believe that the oceans have absorbed about half the excess
CO,, but there is still argument about the specific mechanisms,
particularly on the longer term interactions between ocean cir-
culation and atmospheric temperature and winds. How will
changes in the ocean circulation affect the atmosphere and how
is CO, involved? The ocean, because of its great heat capacity,
absorbs much of the short term diurnal or seasonal tempera-
ture cycles and so ameliorates not only the local coastal cli-

mates, but the global system. This damping effect of the ocean is’

essential for the habitability of the land. But the tremendous
capacity of the ocean to absorb heat means that the ocean can
feed back variations at longer time scales. Thus, in a sense, we
may pay for the short term smoothing through long term
trends. These questions stress the need for a comprehensive
view of the world’s oceans as a dynamic system subject to
change in its chemical and biological cycles, particularly at
longer decadal time scales.

There is a further timely reason to consider these questions.
We now have new technologies which enable us to take such a
global view. Remote sensing by satellites and by ocean acoustics
can play a crucial role because they enable us to cover scales
from davs to decades, from kilometers to the whole ocean.
Other new developments — unmanned vehicles, long term
moorings, subsurtace drifters — will complement these synoptic
methods. We look to these innovations, many of them coming
from fields outside oceanography, to provide the data we need
at these largest scales. Can all these elements be put together in

a coherent scheme? This is the single most important question
facing the oceanographic community today. The answer is not
clear. There are many immediate or near-term issues concern-
ing waste disposal, overfishing, and mineral rights. Such matters
have pressing implications for state and federal legislation,
while the concerns over climate at the global scale do not come
within any particular jurisdiction. At the level of policy and
social issues, how do we assess priorities? The implications of
changing climate is, possibly, the greatest challenge we face and
relevant to many other issues such as population distribution
and food supply. It is less cataclysmic than nuclear war, but as
portentous for human habitability. The time scales are decades,
rather than hours, yet there is an immediate need for under-
standing these phenomena in order to take rational action.

Jobn H. Steele
Director

Above: Director John
H. Steele and Gover-
nor Michael S. Dukakis
during the Gover-
nor’s visit 12 August.
Left: Enjoying a
Woods Hole event
with Associate
Russell Babcock.

Shelley Lauzon
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Areas of Interest
Biology

The broad aim of biological oceanographers is to study the
temporal and spatial distributions of populations of marine
organisms and their interactions with each other and their envi-
ronment. The work is predominantly ecological in its attempts
to provide the basic information required to understand how
the ocean works biologically. Among the specific research inter-
ests of Institution biologists are microbiology, biochemistry,
planktonology, benthic biology, physiology, biogeochemistry,
animal behavior, and aquaculture. Work on marine pollution
includes research on the effects of drilling muds and hydrocar-
bons and the biochemical responses of animals to these pollu-
tants. The “patchy” distribution of many marine animals is
under investigation as are the physiological adaptations of deep
sea organisms to sparseness of food, low temperatures, high
pressures, and deep sea thermal vents. Answers to questions
about the food supply in the oceans are sought in studies of par-
ticles falling from the surface waters through the water column
to the bottom of the sea, in studies of upwelling areas, through
investigations of sulfur oxidizing organisms in the deep sea and
shallow coastal ponds, and in laboratory experiments that com-
plement field investigations. The uses of sound by marine mam-
mals, mechanisms of fish swimming and gill ventilation, and the
behavior of large marine animals followed by tagging are being
studied. Other work concentrates on salt marsh ecology and
conservation, nutrient cycling in coastal waters, and on aquacul-
ture and waste water recycling. The symbiotic relationships
between marine microbes and other organisms (including
wood-borers) are a new focus. Gelatinous organisms of the
plankton (salps, ctenophores, etc.) are being studied with new
techniques that finally allow us to properly evaluate the roles of
these organisms in the oceans.

Chemistry

Chemical oceanographers are concerned with the composi-
tion of the ocean environment. They seek to understand the
processes that have brought seawater and sediments to their
present composition and that contribute to the observed varia-
bility. They also seek understanding of the extent to which the
environment may be changed by both natural and man-made
phenomena operating on a variety of time scales. Input from
rivers and reactions at the air-sea, seawater-sediment bounda-
ries and seawater-volcanic rock interaction at spreading centers
are under investigation as chemists consider the processes tak-
ing place at major ocean boundaries. Some critical questions in
chemical oceanography revolve around the vertical transport
and transformations in particles as they fall from the surface
waters to the bottom of the water column. The photochemistry
of the surface ocean and the marine atmosphere is critical to
our understanding of the global sources and sinks for many
gases. The genesis and composition of the oceanic crust and its
interaction with seawater is important to a general understand-
ing of the oceanic system. Studies concerning the interstitial
water chemistry of deep sea sediments help us to better under-
stand the diffusive flux of ions between sediments and the
oceans. Work on the fluxes of organic carbon includes determi-
nation of the amount of organic carbon produced in surface
waters, the distribution, nature, and biogeochemistry of specific
organic compounds in the marine environment, and studies of
processes responsible for formation and diagenesis of organic

matter in sediments. While studying radioactive isotopes in the
ocean, whether as a natural occurrence or as a form of pollu-
tion, chemists are also finding the known decay rates of the iso-
topes useful as indicators for studying rates of water circulation,
the in situ rates of chemical processes in the sea, and rates of
biological and chemical processes that change the composition
of seawater. Stable isotopic studies in rocks can be used as geo-
chemical and petrological indicators of large scale terrestrial
mantle processes.

Geology and Geophysics

Marine geologists and geophysicists study the processes which
form and affect the earth beneath the sea, as reflected in its
underlying structure and composition. The sedimentary and
volcanic material of the seabed is investigated by direct sam-
pling and remote observation. Coring, dredging, or drilling
techniques are commonly used to obtain samples, which are
further classified in the laboratorv by petrological descriptions,
geochemical analyses, and measurement of physical properties.
Geophysical methods include the fields of seismology, gravity,
magnetism, and geothermics. The establishment of plate tecton-
ics as the primary kinetic process creating and shaping ocean
basins has focused attention at the boundaries where plates
interact. At divergent plate boundaries, or mid-ocean ridges, the
processes which bring up hot materials to create ocean crust
and lithosphere are studied in detail. Investigations of rifted
continental margins of different geological ages are important
to understand how continental plates initially break apart.
Finally, subduction of oceanic lithosphere beneath either conti-
nental or other oceanic lithosphere is a process which is ulti-
mately associated with the creation of deep sea trenches and
back-arc basins, accompanied by the important geological phe-
nomena of earthquake belts and volcanic island arcs. Research
is actively pursued on processes of particulate flux in the ocean
(‘marine snow’), carbonate and silicate dissolution, and other
phenomena relevant to the transport of biogenic material to the
sea floor. The results are essential to a better understanding of
the fossil record, which in combination with studies of its oxy-
gen isotopic variation reveal changes in climate and ocean envi-
ronment over periods of thousands to millions of years. The
study of the dynamics of sediment distribution on the ocean
floor is important to deciphering the fossil record and interpret-
ing sea floor morphology. Marine geologists also study near-
shore and shallower regions such as continental shelves and
coasts where earth, ocean, and atmosphere dynamically interact
to produce complex and rapidly-changing morphology.



Ocean Engineering

The field of ocean engineering is a complex hybrid of many of
the classical engineering disciplines such as electrical, mechani-
cal, civil, chemical, and marine engineering. Its purview is broad
and interdisciplinary. Ocean engineers conduct research and
design instrumentation in almost every field of oceanography.
Mechanical, electrical, acoustical, chemical, optical, civil, marine,
and ocean engineering talents are used to develop techniques
for measuring oceanic processes and for answering basic scien-
tific questions about the marine environment. Measurement
programs span ocean time scales of years to milliseconds and
ocean space scales of kilometers to millimeters. Electronic data
handling and processing circuits using microprocessors are
developed for these programs. Instrument housings and
anchoring and mooring systems are designed, fabricated, and
deploved at sea. Acoustic techniques are applied to measure-
ment problems. Manned and unmanned deep submersible sys-
tems are engineered for search and discovery. Techniques for
using the earth orbiting satellite as an observational tool are
being developed together with image enhancement and image
processing algorithms. Information processing, whether
applied to acoustic systems, satellite images, geophysical time
series or general data reduction is the primary concern of a
large segment of the department. Research is conducted in
hydrodynamics, signal processing theory, applied mathematics,
acoustic tomography and propagation, deep submergence engi-
neering, arctic acoustics, coastal processes and benthic currents,
and instrumentation techniques. Programs in mooring materials
and design, electronic and microprocessor applications, optical
measurement, and remote observation and sampling support
these and other scientific projects throughout the Institution.
The technological sophistication of modern ocean science
demands the application of special engineering knowledge and
skills. The solution of challenging problems requires creative
combinations of wide ranging ocean engineering principles.

Physical Oceanography

Physical oceanography is the study of the physics of the ocean.
Its central goal is to describe and explain the complex motion
of the ocean which occurs over a very wide range of scales. Var-
iations of the temperature and salinity, the driving effects of the
winds, the rotation of the earth, and the pull of the sun and the
moon all contribute to these motions. There are grand persist-
ent currents like the Gulf Stream, and there are transient waves
and eddies of almost all sizes and speeds, from high frequency
acoustic and surface gravity waves, to slower internal gravity
waves beneath the sea surface. Large regions of the oceans are
dominated by the mesoscale eddying vortical patterns of flow
that display visual and dynamic similarity to atmospheric
weather patterns. As in the atmosphere, relatively intense frontal
systems exist. Important mixing and stirring of the ocean is
accomplished by a variety of physical processes, some of great
subtlety like the phenomenon of “salt fingers” whose sizes are
on the centimeter scale. Important scientific questions also arise
in considering the interaction of the ocean with the atmosphere.
The ocean and the atmosphere drive each other in an as yet
poorly understood way: exchanges of energy between the air
and sea are important in determining the climate of both the
atmosphere and the oceans. Physical processes in coastal
regions are strongly affected by atmospheric forcing and bot-

tom topography, and the current and wave systems in this com-
plicated region are of vast importance to the local climate and
ecology. Physical oceanography staff members are involved in
experimental, theoretical, laboratory, and numerical investiga-
tions of many parts of the system of oceanic motions. Small pro-
grams and large international projects are underway, and
multidisciplinary efforts are increasing. All of these studies have
the ultimate goal of understanding the structure and movement
of the world’s oceans, the interaction of the sea with its bounda-
ries, and the physical role of the ocean in relation to other
branches of oceanography. Physical oceanographers come to
the subject with a variety of backgrounds: mathematics, physics,
engineering, computers, and chemistry. The mix of interests
provides a broad approach to the equally broad range of
problems in the ocean.

Marine Policy &
Ocean Management

The Marine Policy and Ocean Management Center is an inter-
disciplinary research program; its structure provides an oppor-
tunity for scholars to conduct research regarding the problems
and opportunities generated by our increasing use of the ocean.
Evaluating and suggesting appropriate policies and manage-
ment strategies to deal with the issues of marine resource
developmeny, utilization, and protection are complex tasks,
often requiring the data and skills of both natural/physical scien-
tists and social scientists. The three main objectives of the
Marine Policy Center are: to provide opportunities for inter-
disciplinary application of natural science, technology, and
social science to marine policy problems; to research, evaluate,
and convey the information necessary for the development or
modification of local, national, and international ocean policy;
and to provide support and experience to Research Fellows
interested in marine policy issues. The professional research
staff conducts studies on a wide range of policy issues, aided by
a competent support staff. In addition, the Center sponsors sem-
inars, conferences, and lectures on marine policy issues. Most of
the present research activities at the Center are grouped within
several general thematic areas: 1) cooperative international
marine affairs projects; 2) Law of the Sea issues and implications
for U.S. marine policy; 3) marine minerals and mining studies;
4) coastal and fisheries management issues; and 5) the interac-
tion of science and policy. The Marine Policy Center offers
Research Fellowships to professionals in the social sciences,
law, or natural sciences to apply their training to problems that
involve the use of the oceans. Thus far, over 90 Fellows trained
in such fields as law, economics, anthropology, political science,
engineering, marine science, mathematics and geography have
taken part in the program.
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Reports on Research

The continued progress of ocean sciences is dependent upon
many factors. The most important of these are a continued input
of bright young minds to stimulate new thinking and challenge
accepted wisdom, a steady flow of funds sufficient to accom-
plish key tasks, and a continual introduction of new technology
that allows us to view the ocean in different perspectives. If the
flow of any of these critical ingredients were to dry up, our sci-
ence would stagnate and wither from a lack of vitality and pur-
pose. In this report we choose to present highlights of some of
the technological developments that have given us new insights
into ocean phenomena or have great potential for future discov-
eries. As with past reports, space does not allow for a complete
portrayal of all of the innovations having important impacts on
our work.

In common with many disciplines, oceanography is dependent
on the analytical tools of the laboratory and office. Sensitive and
precise measurements of samples of water, animals, or sedi-
ments play a major role in many of our projects, particularly
those of the Chemistry and Biology Departments. Chemicals
produced by organisms, including man, may be used to follow
the pathways of many ocean processes. However, the most
useful of these “tracers™ are invariably present at exceedingly
low concentrations. It is generally true that the precision and
sensitivity of measurement demanded by ocean sciences are
exceeded in no other areas. The article by Nelson Frew and Bill
Jenkins provides a good example of one class of instrumenta-
tion, mass spectrometers, that are now essential to our work.
The authors point out that, using a mass spectrometer built at
WHOI, we can measure as few as 3,000 atoms of helium gas.
This achievement is put into perspective if one considers that an
ounce of helium gas contains over 5,000 trillion trillion atoms.

However, unlike many disciplines, oceanography is highly
dependent upon instruments and facilities to observe and
measure in situ phenomena, often in a turbulent and hostile
environment. In addition, the earth’s crust beneath the ocean
holds many secrets that are slowly being revealed as we
develop the capabilities to probe the crust with geophysical
tools and drill strings. Over the last decade the drilling ship
Glomar Challeniger has provided limited access to this new
world. Among many achievements, ocean drilling has already
proven the concepts of plate tectonics and provided us with
insights into global climatic changes during the ice ages. In 1985
a new phase of ocean drilling will start; its significance is
described in the article by Dick Von Herzen.

Perhaps the best known of our “ocean facilities” is the research
submersible Alvin. Since the development of a deep-sea naviga-
tion system several years ago, Alvir has become a premier tool
for seafloor studies. The recent conversion of RV Atlantis II to
act as the Alvin mother ship, described in the article by George
Grice, has greatly increased the worldwide scope of Alvin pro-
grams. The breadth of Alvin science is covered in articles by
Fred Grassle, Holger Jannasch, and Mike Mottl.

Although Alvir will continue to be the principal vehicle
allowing us to experiment at the sea floor for the next several
years, programs are already underway to extend our submersi-
ble science capabilities principally by remote unmanned vehi-
cles incorporating modern developments in minicomputers,
robotics, and digital television. The article by Bob Ballard, Dana
Yoerger, and Ken Stewart outlines some of the exciting pos-
sibilities that may be offered to future students of the sea
bottom.

Any traveler knows that one of the most important sources of
information about the places he visits is a good map. This is no
less true of oceanographers, and it is perhaps surprising that
only in the last two years has the ocean science community had
the ability to produce accurate detailed maps of the sea floor.
The introduction of high resolution, multibeam echo sounding
techniques and their impact is described by Brian Tucholke and
Ann Martin.

One of the most basic tools for observing the motion of the
worlds” oceans is the deep sea mooring equipped with current
meters and other instruments. The Woods Hole Oceanographic
Institution has pioneered the use of deep sea moorings for
studies of ocean currents. The WHOI Buoy Group is world
renowned for its expertise in the successful deployment and
recovery of moorings. During the early days of mooring deploy-
ments in the late 1960s, recovery rates of 50 percent or less for
periods of two to three months were not uncommon. Today
mooring recovery rates are in excess of 99 percent for deploy-
ment periods of up to two years. Some of the technology
involved is described by Bob Walden and Henri Berteaux,
while the article by Mel Briscoe gives an example of the kinds
of information obtained by reliable in situ moored
instrumentation.

The increased data recovery that has been possible with long
mooring deplovments has had one disadvantage. Three or
more years may elapse from the time a scientist plans an experi-
ment to the time the data is available for study. The tedium of
this wait will be eliminated and several direct advantages for the
science will result from the program described by Bob Chase
which will provide us with the capability of transmitting data,
shortly after it is obtained from moorings and floats in remote
areas, via satellite to shore stations.

The final article illustrates the kind of instrument development
projects that WHOI scientists often need to pursue to answer
specific questions that they raise concerning ocean phenomena.
Seismic studies of the events beneath the ocean are being
helped greatly by hydrophone systems located on the sea floor
rather than on ships some 4-5 kilometers (2-3 miles) above the
sea floor. Mike Purdy describes some of our recent progress in
this area.

Derek W. Spericer
Associate Director for Research



Mass Spectrometry in Oceanography
Nelson M. Frew and William J. Jenkins

Studving the chemistry, biology, geology and physics of the sea
often requires the precise measurement of extraordinarily
minute quantities of substances. These measurements involve
either the isotopes (atoms of the same element but differing
masses ) or separation and detection of rare and complex com-
pounds. One of the most powerful and useful tools for these
measurements is the mass spectrometer, which detects very
small amounts of materials by separating charged fragments of
compounds, or individual atoms, by their mass.

Although separation by mass is not a new concept, recent tech-
nological advances have dramatically expanded our scientific
horizons. Computers allow sophisticated data collection and
synthesis, and rapid automared analysis. Improvements in elec-
tronics and vacuum technology have also been important, but
substantial advances in the instruments themselves — higher
sensitivity, resolution and stability — have opened many analvti-
cal doors.

Three of the world’s most sensitive and sophisticated helium
isotope mass spectrometers were designed and constructed
here at WHOI The vacuum systerms of the isotope mass spec-
trometers are all metal and can be “baked” to 400°C (700°F) to
achieve vacuums of less than 10" atmospheres. Instrument con-
trol and monitoring is achieved with minicomputers which
maintain electric and magnetic fields, monitor vacuum, control
the cyrogenics, operate valves and collect data. Each instrument
has its own computer, and each computer has several programs
operating simultaneously on these tasks. One mass spectrome-
ter has an additional, smaller mass spectrometer as part of its
system, pre-analyzing the samples for size and purity. This auxil-
iary instrument is also controlled by the main spectrometer’s
computer.

A major improvement in sample processing came with the use
of cyrogenic systems. Each spectrometer has “traps” or filters
cooled by a refrigerator which uses helium rather than freon as
a working fluid. These traps are operated to temperatures
below 10°K (-440°F) under computer control, allowing
extremely good sample purification. The result is the ability to
measure exceptionally small quantities of gases with unparalled
accuracy. As little as 3,000 atoms of *He (helium-3) can be meas-
ured, and the amount of helium in as little as one millionth of a
cubic centimeter (cc) of air can be detected.

These instruments are used for a variety of scientific problems.
Determination of radioactive tritium in seawater by the
ingrowth of its daughter, *He, has given us the world’s most sen-
sitive and accurate measurement of that substance. We can
measure trittum more than four times more precisely and to a
level fifty times lower than any laboratory in the world! Such
capability has enabled us to study the invasion of man-made tri-
tium produced during earlier atmospheric nuclear weapons

tests into new areas of the ocean. Combined with the precise
measurement of the helium isotopic ratio, we can date water
masses on time scales of months to vears, and determine the
rates of flow and mixing as well as biological and chemical
reactions.

Measurement of helium isotopes and other noble gases in
rocks, sediments, and hydrothermal systems is providing us with
insights into geochemical fluxes in the solid earth and gives us
clues about the earth’s formation, evolution, and structure. Sen-
sitivity, accuracy, and extreme purity of sample are required.

Other types of mass spectrometers at the Institution are specifi-
cally designed to determine the structure of complex organic
molecules isolated from the environment and from organisms.
Frequently these spectrometers are used in combination with
the gas chromatograph, an instrument which separates compli-
cated mixtures of organic compounds into individual pure
components on the basis of their volatility and chemical reac-
tivity, In recent vears, WHOI researchers have acquired con-
siderable expertise in state-of-the-art high resolution gas
chromatography, with some of the best-equipped facilities in
the marine community. Chromatographs using on-column
injection and glass or fused silica capillary columns resolve hun-
dreds of organic compounds in mixtures extracted from marine
samples. Interfacing these two instruments provides a means
for transferring pure components to the ion source of the mass
spectrometer for structural identification. The combined gas
chromatograph-mass spectrometer (GC-MS) is a powerful sci-
entific tool, capable of identifying amounts of chemicals as small
as one billionth of a gram.

Bill Jenkins (left) and Nelson Frew in the mass
spectrometry facility at Fye Laboratory.

Shelley Lauzon
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fatty acid mixture extracted from sediment trap
material collected off the California coast.

The GC-MS produces tremendous quantities of data. The analy-
sis of a single sample may easily generate 10 million bits of data.
A computer is required to control the GC-MS system and to
process and display this information. Using automated data
reduction procedures, unknown chemical components are
detected and their amounts are quantified. Components are
automatically identified by comparing their mass spectra with a
computerized library of more than 30,000 reference com-
pounds compiled from laboratories throughout the world. A
complete library search and comparison which provides the
compound name, molecular weight, chemical formula, and sta-
tistical best fit information takes 30 seconds. Computer-auto-
mated procedures have substantially reduced the man-hours
spent by investigators to process the raw data, leaving more
time for interpretation of the results.

The analytical capabilities of combined GC-MS are utilized by
WHOI scientists to study many aspects of the organic carbon
cycle in the oceans. Carbon is fixed in the surface layers
through photosynthetic production of organic matter, is
released through excretion, grazing and predation, and eventu-
ally the death of organisms, to be partially recycled or reminer-
alized in the surface layer. A significant fraction is transported
out of the surface layer as particles or re-packaged as fecal mate-
rial which generally sinks at higher rates to the sea floor, where

further utilization by benthic organisms and incorporation into
Recent sediments takes place. Chemical and biological
processes continually alter the organic material at each stage.
Subtle changes in chemical structure of functionality accompany
these processes. By providing a detailed view of the molecular
structures involved, mass spectrometers assist in determining
specific sources of organic matter at different depths, the nature
of the processes affecting it, and the time scales or rates at
which these transformations occur. A common technique is to
follow the fate of a specific compound from a particular type of
organism through the major transport stages from surface pro-
duction to sedimentary burial. Ideally, the compound, known as
a biomarker, has a unique and recognizable structure which is
preserved, but which may be altered in minor but informative
ways. These changes, while subtle, often lead to clearly distin-
guishable mass spectral patterns, as happens, for example, in
the reduction of a single double bond (addition of two hydro-
gen atoms) in an unsaturated fatty acid (see figure at left).

Mass spectrometers are used to study the chemical make-up of
organisms and their responses to environmental conditions and
stresses. Lipid composition, for example, may fluctuate signifi-
cantly as a function of food source, temperature, and light inten-
sity. Specialized biological systems such as the Galapagos Rift
community are being examined for molecular clues to the
mechanisms by which life is maintained in the absence of light
and at high temperature and pressure. Other studies include
research on the composition of marine aerosols, the dynamics
of upwelling systems, and the origin of chemical fossils in
ancient sediments. A variant of GC-MS known as pyrolysis GC-
MS is used to investigate the nature of kerogen, a very complex
mixture of somewhat inert substances making up the organic
matter of more ancient sediments, and to assess the petroleum-
bearing potential of shallow and deep-sea sediments.

Another application of mass spectrometry is the identification
and quantitative measurement of anthropogenic organic pollu-
tants, such as polynuclear aromatic hydrocarbons (PAH) and
polychlorinated biphenyls (PCBs), their transfer into marine
ecosystems and metabolism in marine organisms. The relative
abundances of a homologous series of PAH, for example, may
give clues to sources of fossil fuel inputs, whether from fuel
spills or by airborne transport of combustion products. The
complexity of environmental samples demands the sensitivity
and high selectivity of the GC-MS as a detector of traces of indi-
vidual chemicals in the presence of many interfering signals.

Other investigators are using mass spectrometers to measure
subtle isotopic shifts in carbon and oxygen associated with bio-
logical activity, changes in water temperature, and ebb and flow
of the global hydrographic cvcle. These studies look at seasonal
changes in the productivity of the sea and extend millions of
years into the past. The mass spectrometer is a tool which spans
all disciplines, from the study of fluid motion through biogeo-
chemistry to geology. It has opened many doors in marine sci-
ence and allowed us to study the inner workings of the sea.



Deep Sea Scientific Drilling:
Results and Future Prospects
Richard P. Von Herzen

The latest phase of the Deep Sea Drilling Project (DSDP) ended
in November 1983 after 15 vears of nearly continuous research
drilling in the deep oceans of the world. Drilling for the pro-
gram was conducted primarily from the 400-foot-long Glomar
Challenger, owned by Global Marine, Inc. and operated by the
Scripps Institution of Oceanography on behalf of many of the
major oceanographic institutions in this country and abroad.
The program was truly international, with official participation
of the United Kingdom, France, Federal Republic of Germany,
Japan and, until recently, the Soviet Union, in addition to the
United States. Marine scientists and geoscientists from manyv
other countries have also participated in the drilling programs
as well as in related scientific work, making this project one of
the largest in oceanographic history.

The scientific accomplishments of DSDP have been rather
remarkable. Both the sedimentary deposits on the sea floor and
the crustal rocks beneath it have been penetrated and cored.
The Glomar Challenger made 96 cruises, each nearly two
months long, during which 624 sites were occupied in all the
world’s oceans and almost 1,000 holes were drilled. The maxi-
mum water depth drilled was over 6,100 meters (20,000 feet) in
the western Pacific, the maximum length drill string deploy-
ment was over 7,000 meters (23,000 feet) at this same location,
and the maximum penetration of the drill string below the sea
floor, 1,740 meters (5,700 feet), was made at site 398 in the east-
ern Atlantic. The greatest basement rock penetration, somewhat
over 1 kilometer, was made in the Panama Basin of the eastern

Right: The SEDCO/BP
471 will begin service
for the Ocean Drilling
Program in 1985.
Below: Dick Von

Herzen.
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Pacific at site 504B; this unusually great drilling depth into hard
basaltic rock was accomplished over three separate drilling
cruises.

The many tens of thousands of meters of recovered core pro-
vide a wealth of scientific information. The sediments provide a
clue to the past history of ocean and climate. Detailed and sub-
tle variations of ocean variability back almost 150 million years
ago have been documented. The structure and composition of
the upper crust basement rock of the sea floor has been estab-
lished at many locations. Although ocean floor basement rocks
are relatively uniform compared to continents, subtle variations
in petrology and chemistry reveal different magmatic and petro-
logic variations reflecting on the original composition and dif-
ferentiation within the earth’s interior. Both the sediments and
crustal rocks show the effects of hvdrothermal circulation at
many locations, and its pervasive influence on the changes in
mineralogy as well as on composition of ocean waters.

Planning is underway to continue the drilling program in early
1985. The successor to the Deep Sea Drilling Project, the Ocean
Drilling Program (ODP), will utilize a different and technically
advanced drilling vessel developed by industry and modified
for scientific drilling needs, the 470-foot SEDCO/BP 471, a six-
vear-old ship jointly owned by Sedco, Inc. of Dallas, Texas, and
the British Petroleum Company. The ship, which will probably
be given a new name before starting its ODP career, has a 200-
foot derrick and is not only larger than the Glomar Challeriger
but is able to carry and deploy a longer drill string (some
30,000 feet). It will have a riser capability, permitting core drill-
ing in coastal waters up to 6,000 feet deep and protection
against blowouts; a riser is a second pipe surrounding the main
drill string which is connected to the drill ship at one end and
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to the ocean floor at the other end to allow closed circulation of
drilling fluids (“muds”) and fluid pressure control in the drill
hole. Its drilling capabilities represent a marked advance over
those of its predecessor; a computer-controlled positioning sys-
tem will enable the ship to maintain its position while drilling at
depths up to 27,000 feet, and new electronic measuring equip-
ment will make it possible to gather chemical and geophysical
data during drilling that will enhance the value of the core sam-
ples obtained. The new ship will also have larger and better
equipped laboratories and can accommodate 50 scientists and
technicians, nearly twice as many as the Glomar Challeriger
could support.

New scientific objectives derived from a conference on scien-
tific ocean drilling held in November 1981 are under considera-
tion for'the Ocean Drilling Program. Because of the increased
size and better weather capabilities of the new ship, rougher
sea conditions and higher latitudes can be tolerated for drilling.
Some drilling in the Antarctic is anticipated, although floating
ice will limit operations there. Ocean history as deciphered
from the sediments at higher latitudes is especially important
for models of past climate and air/sea interactions.

Secondly, the capability of a longer drill string will enable
greater ocean depths to be considered, such as the oldest sea
floor in the oceans as well as in deep sea trenches. Deeper pen-
etration of the ocean crust and sediments should be possible.
The drill string may even be tapered, with a larger diameter at
the top for greater strength, or may be made up at least in part
of aluminum rather than steel pipe.

Deeper penetration of the crust will enhance the scientific value
of holes into which scientific instrumentation can be lowered.
Instruments to determine the chemistry of rocks and pore
waters as well as the seismic, thermal, magnetic and electrical
properties of material surrounding the drill hole will help char-
acterize the materials which comprise the ocean crust. In addi-
tion, development of wireline re-entry of boreholes from
standard oceanographic vessels will allow such measurements
in existing holes without the need of the costly drilling vessel.

A fourth consideration is the riser capability, which initially will
not be available, to permit drilling deeper holes near the conti-
nental margins. The outer slope and continental rise, where
very thick sediments (more than 10 kilometers, or 15 miles) are
known to exist, may be drilled efficiently and safely.

Engineering developments are underway to provide an ability
to drill directly into hard basement rocks on the sea floor with-
out the relatively soft sediment cover normally used to stabilize
the drill string. This capability will allow drilling on the geologi-
cally young mid-ocean ridges. The rock and pore fluids in such
regions are likely to be hot at shallow depths; additional engi-
neering development to allow drilling and measurement at
high temperatures is now underway.

Roughnecks prepare
the drill string aboard
Glomar Challenger.

ames Broda

The Ocean Drilling Program, presendy funded by the National
Science Foundation over the next five years with an option for
extension, is managed by a consortium of 10 major oceano-
graphic institutions including WHOI called Joint Oceanographic
Institutions, Inc., or JOL Scientific planning for ODP will be
done by the Joint Oceanographic Institutions for Deep Earth
Sampling (JOIDES, of which WHOI is also a member), an inter-
national organization which also did the planning for DSDP.
Texas A & M University will be the drilling vessel contractor.
Official participation from many nations is expected, and a
broad spectrum of marine scientists and geoscientists from
throughout the world will soon be participating in new scien-
tific discoveries about the origins and evolution of the earth and
the oceans and their resources.
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DSRV ALVIN/R/V ATLANTIS |
Conversion
George D. Grice

Following more than two vears of rehabilitation, repair, modifi-
cation, and installation of new handling and scientific equip-
ment to provide support for submersible and other operations,
Research Vessel Atlantis 11 and the Deep Submergence
Research Vessel Alvin were scheduled to depart Woods Hole
in January 1984 to begin an 18-month voyage to the Pacific.
Atlantis IT, commissioned in 1961, has completed 111 cruises
and logged over 741,177 miles. Alvin, constructed in 1964, was
operated from Research Vessel Luze until August 1983 and had
completed 1,328 dives in the Adantic and Pacific Oceans prior
to January 1984.

Although a very successful operation, there were recognized
limitations to Lufu as a tender for Alvin. The major drawbacks
were its inadequate laboratory space, insufficient berths, limited
endurance, and slow speed. Many Alv#n programs required an
additional large support ship to provide accommodations and
the necessary laboratory space. Consideration of these limita-
tions and the high cost associated with operating two support
vessels were compelling issues in selecting Atlarntis I1 as a sub-
mersible support ship. With funding provided by the National
Science Foundation, the Office of Naval Research, and the
National Oceanic and Atmospheric Administration, Atlariis I1
and Alvin were refitted and are prepared to support the increas-
ing demands of the new scientific programs.

Concurrent with the modifications required to support the sub-
mersible operations, significant improvements and upgrading
of Atlantis IT were made during the planned mid-life rehabilita-
tion program that was initiated in 1981. This program was
extensive. It included the repair, upgrade, or replacement of
certain structural components, air conditioning and ventilation
systems, steering mechanism, exterior door and topside win-
dows, sanitary systems, hull and decks, staterooms, passageways,
mess facilities, galley, library, and safety systems. The lifeboat
was relocated to provide clear deck space for accommodating
vans and portable equipment. Improvements were also made to
significantly increase the scientific capabilities of the ship. Chief
among these was the upgrading of the clutches to permit pro-
longed operation at slow speeds. The main laboratory, com-
puter (lower lab), hydro, and top laboratories were completely
refurbished, and a new salt water system installed.

Several new pieces of equipment were added, each of which
provides significant improvement to previous capabilities. A 750
h.p. trainable bow thruster has replaced the original undersized
250 h.p. bow thruster. The new bow thruster greatly improves
the ship’s maneuverability, and in conjunction with the new
clutches, will permit precise control of the ship during the
deployment and recovery of scientific equipment including
Alvin. A new marine crane rigged to handle the trawl wire and

Top: The deck hangar
for Alvin takes shape
in January 1983.
Middle: George Grice.
Bottom: Transfer of
Alvin to Atlantis IT 18
November; the con-
trol shed for the lift
system is at left.

Shelley Lauzon
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provided with a longer boom and heavier lifting capability than
the previous one has been installed. The hydrographic winch
was overhauled, and a modified fairlead and A-frame provided.

While in drydock in the summer of 1983 a transducer array was
installed on the hull of Atlantis I as part of a new seafloor map-
ping system called Sea Beam. When Sea Beam's electronic pack-
age is aboard the ship and connected to the array, an underway
contour map of the sea floor equivalent to an area of seventy-
five to eighty percent of the water depth below the hull is pro-
duced in virtually real time. With such instantaneously available
information, scientists will have the ability to examine bottom
topography while at sea rather than after its reconstruction in
the laboratory some months later. Bottom topographic maps
will, of course, be of immense value to those planning Alvin
dives in previously unexplored sites.

To operate Alvin from Atlantis 11 required the development of a
lift system, installation of a shelter hangar, and associated main-
tenance shops. The lift system is a stern mounted hydraulically
operated A-frame with overhead winch and telescope leg that
attaches to Alvin. The A-frame is 41 feet in height and is capable

Frank Medeiros

Top: Fred Grassle.
Bottom: Free vehicle
used to transport
recolonization trays to
the bottom for place-
ment by Alvin.

of lifting thirty tons (Alvin weighs approximately 17 tons). Once
attached, Alvin is hoisted from the water and placed on deck
rails for transport into the hangar, aft of the main laboratory on
the fantail and 28-feet long and 13-feet wide. Three Alzin sup-
port shops are located on the port side adjacent to the hangar.

Several modifications were made to Alvin for the new lift sys-
tem, including strengthening the internal titanium frame to
facilitate lifting the submersible at a single point near its center
of gravity. A second smaller line attached to the sub’s stern pro-
vides additional stability during launch and recovery. The only
notable exterior change has been the shape of the sail.

This conversion has been a major task for our Marine Depart-
ment, Mechanical, Electrical and Carpenter shops, ship’s crew,
and Alvin Group for more than two vears. Their efforts have
produced a greatly improved ship — one that not only can sup-
port submersible operations when Al is aboard but can also
provide support for oceanographic programs requiring sophis-
ticated facilities, instrumentation, and equipment. Atlaratis II is
the most versatile ship in the U. S. research fleet.

DSRYV Alvin Bottom Station Studies
J. Frederick Grassle

The deep-diving submersible Alvin has been the primary means
for conducting experiments at the deep-sea benthic boundary
layer. Such experiments are possible with free vehicles, but they
tend to be more cumbersome with less certainty of successful
recovery after long periods on the bottom. In 1982, Dr. Robert
Whitlatch of the University of Connecticut and I used Alvizz to
complete part of a series of experiments in the Panama Basin at
4,000 meters (13,120 feet) depth.

We spread a size range of fine glass beads on the sediment sur-
face in 18 separate plots and returned to the sites at intervals of
3,5, 7 and 400 days. These experiments with spread particles
were designed to determine how sediment turnover by animals
(bioturbation) can alter sediment stability, vertical profiles of
sedimentary materials, sediment diagenesis, and the movement
of particulate materials across the sediment-water interface. In
each plot particles were evenly distributed from a honeycomb
frame on legs with a plastic slide for Alvin’s mechanical arm to
pull. This simple direct approach using A/vizz’s manipulative
capability was adopted following problems with a2 more compli-
cated device. By taking many adjacent sediment samples we can
isolate individuals and separate the various ways animals proc-
ess sediment in the deep sea. The animal activities resulted in
transfer of the larger particles to deeper sediment lavers.
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Increased knowledge of the feeding habits of individual species
will help explain the coexistence of so many species on each
small patch of sea floor.

Other examples of the potential for long-term in situ experi-
mentation could be made from revisits to a deep ocean station
at 3,600 meters (11,800 feet) depth south of New England over a
period of eight vears. On an expedition to hydrothermal vents
at the Galapagos Rift in 1979, individual mussels were notched
in February and retrieved afier ten months from a depth of
2,500 meters (8,200 feet). Studies of rates of colonization over
periods of years at such sites enable us to determine rates of
growth and survival of deep-sea populations.

Future studies at bottom stations will involve even more closely
coordinated sampling of the chemistry of sediments and organ-
isms. In the Guaymas Basin, Gulf of California, hydrothermal
fluid circulates through a thick layer of pelagic sediments. These
hydrothermal vents in soft sediments are characterized by
patches of hydrogen sulfide and bacterial mats in some places
and petroliferous sediments in others. Sharp vertical and hori-
zontal changes in flux of hydrothermal fluid and sediment
chemistry make this site at 2,000 meters (6,250 feet) depth an
ideal laboratory for studying the interrelationships of bottom
animals, microorganisms, and organic and inorganic chemical
processes. Submersibles such as Alvin are presently the only
means available for obtaining replicate samples in this
environment.

Vicky Cullen
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The Use of DSRV Alvin for
Microbiological Studies
Holger W. Jannasch

Major functions of microorganisms in the ocean as the “world’s
largest sink” are the decomposition of organic matter, break-
down of pollutants, and regeneration of nutrients. For qualita-
tive and quantitative assessments of these activities in deep
water and sediments, we study the effects of in situ conditions,
mainly temperature and pressure, on bacterial growth and
metabolism. The most important part of this work consists of in
situ incubation studies with the aid of Al#n. For this purpose
we developed, with the help of engineers Clifford Winget and
Kenneth Doherty, a variety of devices for Alvin-operated inocu-
lation and deposition of certain solid and dissolved substrates
on the ocean floor at permanent stations at 1,800, 3,600, and
4,000 meters (5,900, 11,860 and 13,120 feet) depth in the North
and Central Atlantic. Precharged with radiolabeled tracers, water
and sediment samples are left on the ocean floor for incubation
periods of days, weeks, or months. After relocation of the sta-
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tions, the samples are picked up by Alvin for analvses in the
laboratory. The Alvin-related technology used in these studies
initiated the development of pressure-retaining bacteriological
water samplers and ultimately the construction of a device per-
mitting the pure culture isolation of deep-sea bacteria in the
absence of decompression, an instrument designed by Kenneth
Doherty and built by Martin Woodward. This work has resulted

.
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Top: A pumping system placed at the edge of a
warm vent pocket (23°C) at 21°N. In an auto-
mated succession the vent water is pumped
from an extended intake nozzle (foreground)
into an 8-liter bag and then through various filter
arrays. Bottom: Scanning electron micrograph,
magnification 4,200x, shows microorganisms
which grew on artificial surfaces placed into a
vent plume for ten months.

in data quantifying the slow-down of specific microbial activities
in the deep sea as well as in studies on certain deep-sea bacteria
specifically adapted to life at high hvdrostatic pressure and low
temperature.

Our notion of the deep sea as a universally nutrient deficient
and cold habitat had to be qualified when thriving populations
of certain animals were discovered clustered around hydrother-
mal vents in depths of 2,500 to 2,600 meters (8,250 to 8,575
feet). It was found that various types of microorganisms, mainly
sulfur bacteria, used reduced inorganic compounds of the
hydrothermal fluid as sources of energy for the chemosvnthetic
production of organic matter. Thus, in these light-independent
ecosystems, bacteria are replacing the photosynthetic plants as
the base of the food chain. Nowhere was the use of Alrin so
important and indispensible as for studying these hydrothermal
deep-sea vents. Very accurate sampling and placing of instru-
ments were required for work at specific locations in the space
scale of a few inches. At the same time, the larger carrying
capacity of Alvin was required 1o lower heavier instruments in
exact positions near vent openings. A new complex pumping
system (figure top left) was designed by Kenneth Doherty to be
used for bacteriological and chemical samples of hydrothermal
fluid undiluted by ambient seawater. While the instrument
package (250 pounds) was one of the heaviest ever handled by
Alvin, the nozzle at the end of a plastic intake tube required
placement with the accuracy of one inch. At-the-spot decisions
from in situ observations on the actual placement are essential
for a most satisfactory scientific sampling program. The pump-
ing system contains a variety of filter units as well as a large (8
liter) vessel for sampling unfiltered hvdrothermal fluid.

There were a variety of other sampling and in situ-incubation
devices used by Alvin for microbiological studies at the vents.
Anaerobic hydrothermal fluid from warm vents was collected
with a “syringe poker” inserted into vent openings and trig-
gered by contact. Six parallel samples taken by Alvin-operated
syringes and left at the vent for several periods of incubation
were used for measuring the in situ rate of chemosynthesis. A
sampling device was also inserted into 350°C (660°F) ‘black
smoker” hot vents for the collection of freshly formed mineral
deposits on a fiberglass matrix. Furthermore, perforated boxes
containing a large variety of surface materials for attachment
and growth of microbial cells were placed into and near vent
openings for recovery at prolonged incubation times. A large
number of different morphological and physiological tvpes of
bacteria were later observed on those materials by electron
microscopy (figure bottom left). On our latest cruise to the
21°N vent site, Alvirz operated a 220-pound pressure-retaining
water sampler for the first time in these vent studies. The 1-liter
sample was incubated aboard the escort vessel with an added
radiolabeled tracer and at warm vent temperature (23°). The
dara of this experiment and its proper controls concern the
degree of pressure and temperature adaptation of the chemo-
synthetic vent bacteria.



Use of DSRV Alvin as a Deep-Sea
Platform for Observation,
Sampling, and Instrumentation
Michael J. Mottl

The use of submersibles for scientific work in the deep ocean
has grown enormously in the past decade. Prior to that period
our knowledge of seafloor processes was too primitive to have
benefited much from the detailed and small-scale studies which
are the forte of manned submersibles such as WHOI's Alzin.
Large scale studies were required which could be done faster
and at less expense using surface ships. The deep seafloor
could be adequately observed, measured, and sampled via
instruments and equipment lowered and towed on cables.

We may vet return to this situation, given the increasing capabil-
ity and sophistication of towed vehicles. In the meantime, the
manned submersible is in its heyday. It is the only tool pres-
ently available which allows us to observe and sample on a fine
scale those localized seafloor processes and products which are
now known to be critical to understanding the larger scale
processes studied from surface ships.

The prime example on the deep seafloor is the process of
crustal formation along the axis of the mid-ocean ridge system.
Volcanism and hydrothermal activity accompanying crustal for-
mation are highly localized phenomena. While direct observa-
tion of the deep seafloor is difficult enough by itself, coupling
observation with detailed sampling and precise navigation is
even more difficult. Using Alvin and France's Cyaria, we have
observed submarine hot springs and sampled their 350°C
(660°F) effluent from orifices only a few centimeters across. We
have sampled organisms from the diverse vent community and
mapped their distribution on a scale of meters. We have sam-
pled ore-grade sulfide deposits from specific sites and directly
documented their geologic context. We have sampled rocks
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from individually mapped lava flows, and hydrothermal miner-

als from individually exposed veins. All of these feats have been
accomplished best, and at present could only have been accom-
plished, by using manned submersibles.

Besides observation and sampling, however, a new use for sub-
mersibles has been found in the past few years: that of instru-
ment platform. Alvin was first used extensively as a platform for
geophysical measurements during the RISE (Rivera Submersi-
ble Experiments) program in 1979 on the East Pacific Rise axis
near 12°N. Detailed measurements were made of rock magneti-
zation, propagation of sound and low-frequency electromag-
netic radiation through the sea floor, and the gravity field, the
latter 10 to 100 times more accurate than measurements made
at the sea surface.

In 1984 Dr. Richard Von Herzen and 1 will be using Alviz as an
instrument platform in another novel configuration. We are
studyving the chemical and physical processes which occur in
the hydrothermal plumes which form above hot spring fields
along the mid-ocean ridge, when the warm spring water rises
and mixes with ocean bottom water. Chemical processes in
these plumes account for the fate of much of the heavy metal
input delivered by the hot spring vents, while the physical
nature of the plumes should vield a measure of the total heat
output from the vent field as a whole. Our plan is to use Alviz as
a stable platform for an array of measuring and sampling instru-
ments which will be suspended above the submersible on a
buoyant mooring line, as shown in the illustration at right. By
navigating the submarine through a tight grid pattern we will
determine the three-dimensional thermal structure of the
plume associated with a vent field. At stations within the grid we
will stop and measure the flow velocity in three components
and take water samples and additional measurements.

Only a submersible could accomplish this task. It can be navi-
gated and maneuvered precisely, it can remain stationary while
the flow velocity is measured, and it permits visual observations
and temperature measurements in real time which are required
to delimit the boundaries of the survey. This capability and ver-
satility, coupled with the competent, flexible and highly profes-
sional assistance provided by Alvin’s support group of pilots
and engineers, are what assure the research submersible a
strong future on the frontiers of marine science.

Left: Use of Alvin as a
maneuverable instru-
ment platform for
studying hydrothermal
plumes. Right: Mike
Mottl.

Shelley Lauzon
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The Deep Submergence Laboratory

Robert D. Ballard, Dana R. Yoerger and
William K. Stewart

In recent years major discoveries have been made in the oceans
and on the sea floor, exciting efforts which have only begun to
illustrate the potential importance deep-sea exploration may
play in man’s long-term utilization of the planet. Important tech-
nological advances being made in such areas as video imagery
and enhancement, robotics, fiber optics, and microprocessing
hold promise for the development of new exploration vehicles.
Our challenge is to take the lead in applying these new devel-
opments to marine related problems. The Deep Submergence
Laboratory (DSL) in the Ocean Engineering Department is dedi-
cated to the development of advanced undersea exploration
vehicles and their ability to function on a wide variety of
research vessels in a cost-effective manner. The suite of instru-
ments now operated by DSL includes the color camera systems
ANGUS and Mini-ANGUS, the navigation system ACNAYV, side-
scan sonar like Sea Marc I and Klein's Hydroscan for deep and
shallow water high resolution acoustic imaging, and several
remotely piloted vehicle systems.

The ANGUS (Acoustically Navigated Geological Underwater
Survey) system, the first search and survey system operated by
DSL, was designed to work primarily in extremely rugged vol-
canic terrain to depths of 6,000 meters (20,000 feet). As a result,
its various subsystems are mounted within a heavy-duty steel
frame capable of withstanding a jarring head-on collision with
vertical outcrops of rock. Unlike other survey systems, ANGUS
maintains continuous visual contact with the bottom, flying at an
altitude averaging 10-15 meters (30-50 feet above the bottom).
Up to three large capacity 35 mm color cameras each having
3,200 frames, normally taken at 20-second intervals, together
photograph a swath of sea floor 60 meters (nearly 200 feet) in
width. Batteries power electronic strobe lights, permitting the
sled to be flown at higher altitudes and to “see” further than
conventional deep-sea camera systems. The temperature of the
water the system is passing through and the height of the sled
above the bottom are telemetered back to the ship; cable can be
hauled in or let out to maintain the desired altitude. This highly
portable system, used on a standard Y4-inch trawl wire found on
most oceanographic ships, includes in one container a com-
plete color processing facility modified to operate on warm sea-
water. Film can be processed and analyzed within four hours.

A small-scale version of ANGUS, known as Mini-ANGUS,
resulted from a 1981 cruise during which a broken trawl winch
on the ship prevented the use of ANGUS. In order to continue
the planned work, a small-scale version was built aboard ship
which could be operated using the ship’s Y4-inch hvdrographic
wire and winch. Since hydrographic winches are found on
many small ships without trawl winches, Mini-ANGUS has since
been operated as the primary survey camera on a number of
cruises. It has a capacity of 800 to 1,600 frames (compared to
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Above: Dana Yoerger
(left) and Bob Ballard
with the RPV-430.
Middle: Ken Stewart
and AMUYVS. Bottom:
Schematic of the
ANGUS system, oper-
ated from R/V Knorr.
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ANGUS’ 7,000 to 21,000 frames) and can be operated by one
person, reducing its overall costs. Mini-ANGUS can utilize one
or two color cameras and be outfitted with a temperature
telemetry svstem and down-looking sonar like ANGUS. Because
its lights are less powerful than those on ANGUS, the area pho-
tographed is much smaller and the vehicle is flown at a lower
altitude of 5-7 meters (16-22 feet).

A by-product of the Alzi submersible program has been the
development of the ALNAY (Alvin navigation) system to accu-
rately track the submersible's course over the bottom. This sys-
tem was modified to track any system placed over the side,
whether it was a submersible, towed camera, or surface drifting
sonobuoy. ACNAV, or acoustic navigation, was the result. Plots
generated by a variety of software packages make it easy for the
users to place photographic interpretations along the track and
create numerous map products. Although ACNAV has been
used primarily to track ANGUS and Mini-ANGUS, it has also
been used to install a variety of instrument packages on the
ocean floor (camera tripods, seismographs, etc.), to navigate
dredge hauls, for use in piston coring and heat flow measure-
ments, and to maneuver CTD or water samplers into a desired
sampling position over deep-sea hydrothermal vents.

DSL also currently operates two remotely piloted or operated
vehicles (ROVs) which provide unique capabilities and support
various basic and applied research efforts in ROV control sys-
tems, man-machine interface design, and manipulator systems.
AMUVS (Advanced Maneuverable Underwater Viewing System)
is a small ROV capable of operating to a depth of 6,000 meters.
Originally designed to operate from the Navy bathyscaph Triesre
II, it was transferred to DSL in 1982 to interface with Alvin for a

variety of future Navy programs. In the midst of a major refur-
bishment, AMUVS is primarily a highly maneuverable viewing
platform, although plans call for placement of a simple manipu-
lator on the vehicle. Following the refurbishment program,
AMUVS will be tested on Alvin off the island of Hawaii in late
1984 or early 1985.

Another vehicle, the RPV-430, serves as a platform for basic and
applied research in supervisory control, man-machine interface
design, and robotics and to assist in the design of a 6,000-meter
system called Jason (described later). A specially-designed
manipulator will provide the vehicle with dexterous manipula-
tion capabilities and the ability to carry moderate loads.

Recent field programs have included use of Mini-ANGUS off the
Israeli coast to document the sea floor along the route of a pro-
posed pipeline for a new waste disposal facility near Tel Aviv,
and the use of ANGUS off the northwestern U.S. coast as part of
a long-term investigation of the Juan de Fuca and Gorda Ridges
in hopes of locating massive polymetallic sulfide deposits
within the U.S. Exclusive Economic Zone. Since the primary
goal of DSL is to accelerate man’s exploration of the deep sea
floor, an important aspect of the Laboratory’s activities is the
actual use of its survey and mapping systems in major 0ceano-
graphic expeditions. Our major focus in this area is the Mid-
Ocean Ridge system, a 40,000-mile undersea mountain range
which covers 23 percent of the planet’s total surface area. DSL
staff have participated in expeditions to the Mid-Atlantic Ridge,
Cayman Trough, Galapagos Rift and East Pacific Rise, where
long-term investigations are underway on seafloor spreading. In
1984 cruises for geological studies are planned with the French
and their submersible Cyarna on the East Pacific Rise near
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Easter Island, with Alvin for exploration of a series of seamounts
off the coast of Mexico and Central America, and to the
Reykjanes Ridge south of Iceland using the nuclear research
submarine NR-1. Alvin will be used in early 1985 for dives to the
Loihi Seamount south of the istand of Hawaii. During this voy-
age AMUVS will be tested and Mini-ANGUS used in mapping
and sampling work.

The methodology of deep-sea exploration can be divided into
four major phases, each with its own technology: topographic
surveying, large area reconnaissance and mapping, detailed
observation and precision sampling, and the measurement of
time dependent phenomena. In topographic surveving, Sea
Beam is becoming the international standard. DSL, therefore, is
developing imaging software to make it easier for the user of
Laboratory technology to see and understand the larger topo-
graphic framework in which he is working, In large area recon-
naissance, DSL believes the Argo imaging system under
development will make a major contribution. In the area of
detailed observation and precision sampling, the Laboratory has
plaved an important role in the development of Alvizz and its
associated mapping and sampling technology; emphasis has
been shifted recently, however, to development of unmanned
remotely operated vehicles like the Jason systeni. In the mea-
surement of time dependent phenomena, DSL has concentrated
in assisting scientists interested in establishing long-term bot-
tom stations and expects to place a stronger emphasis upon
such work once the dual vehicle Argo/Jason system becomes
operational.

Argo is a deep-towed vehicle capable of operating in 6,000
meters (20,000 feet) of water suspended from a surface ship by
a winch-driven, steel-armored coaxial cable able to support
more than 35,000 pounds and transmit a variety of frequency
signals. Equipped with a complement of superior sensors for
deep ocean survey and inspection, Argo will be able to sustain
dives measured in terms of days or weeks and dramatically
increase our “bottom staying power” from present manned
submersible operation levels. Argo will employ both acoustic
and optical imaging svstems; real-time video will be transmited
up the cable from a bank of cameras suspended below Argo in
an imaging pod. These cameras provide the surface operators
and scientists forward, side and down-looking views of the
ocean floor. High energy strobes mounted on the main vehicle
will flash every few seconds to provide lighting. Integration of
this system with side scan sonar will provide wide area mapping
capabilities with varying degrees of high resolution TV coverage
— instant video pictures!

Schematic of the Argo/
Jason system operated
from R/V Knorr.

Surface operators will be able to interact with each sensor sub-
system, and all subsurface data will be acquired on the surface
for real-time processing and viewing as well as recording for
post-mission processing and archival. Three operators will be
responsible for the operation of Argo, the winch system and
ship guidance. Video information from each camera displayed
on operator consoles will aid in winch control; navigation and
sonar data both will provide information for ship guidance. On
board video editing capabilities will allow production of hourly,
daily or mission summary tapes in an effort to reduce the
amount of TV data into manageable proportions. In addition,
still frame storage in the form of video discs will be available for
random access of reference frames and mosaic production.

Users of the Argo system will be able to sit in the surface control
center and view an underwater landscape as large as four acres,
with immediate access to a wide variety of other information.
Argo will provide a garage for Jason, a tethered self-propelled
vehicle with three-dimensional mobility. Surface operators who
find areas of interest on the ocean floor via Argo’s imaging svs-
tem can deploy Jason for a closer, detailed look. Samples can be
collected with Jason's mechanical arms, and its stereo color TV
“eye” will transmit high-quality pictures to the surface ship.
Long-range plans call for images from the Argo/Jason system to
be relayed via satellite throughout the world.

Development of this sophisticated and complex imaging system
will take time. Initial emphasis is being placed on the construc-
tion of Argo, with sea tests planned for the summer of 1984,
Jason will be operational by the summer of 1986.

DSL’s ultimate goal is to replace the need for expensive and
limited use of manned submersibles through the application of
teleoperator (manipulator) technology in remotely operated
vehicles. Research is underway at DSL in many aspects of this
exciting field.
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The Sea Beam System
Brian E. Tucholke and Ann Martin

The morphology of the sea floor is a concern central to almost
all oceanographic disciplines. Generations of oceanographers
since the 1930s have observed the sea floor as a two-dimen-
sional cross section created by returns of successive pings of
sound from the bottom. Now a new system, Sea Beam, sends
and receives a fan of sound to produce real-time strip contour
charts of the sea floor beneath and to both sides of a ship’s hull.

A Sea Beam transducer array for multi-narrow-beam echo
sounding was mounted on the hull of the Institution’s RV
Atlantis IT in late 1983; the Sea Beam system, including an echo
processor system in one of the ship’s laboratories, will be tested
in 1984. Sea Beam embodies the greatest advance in echo
sounding technology since World War I for the routine acquisi-
tion of accurate bathymetric data. The system was developed for
the U.S. Navy over a period of 20 years, and it commercially
available from the General Instrument Corporation.

Ajoint proposal by members of NECOR (Northeast Consortium
for Oceanographic Research), comprised of Woods Hole
Oceanographic Institution (WHOI), Lamont-Doherty Geological
Observatory (LDGO), and the University of Rhode Island (URI),
was funded by the National Science Foundation and the Office
of Naval Research to allow acquisition and installation of a bath-
ymetric mapping system suitable for use by the three institu-
tions. The principal investigators are Brian E. Tucholke (WHOI),
Alexander Shor (LDGO), and Paul J. Fox (URI). The sharing of

Shelley Lauzon

responsibilities and facilities by the three institutions for the Sea
Beam system has the desirable effects of avoiding duplication
and of more economical operation of research vessels through
pooled inventories, standardization of equipment and docu-
mentation, and the common use of support personnel.

The NECOR Sea Beam facility includes two hull-mounted trans-
ducer arrays, one on R/V Atlantis IT and one on Lamont-
Doherty’s RV Conrad, and one echo-processing electronics
unit that can be transferred between the two ships. The

Stefan Masse
Above: Schematic of the Sea Beam system on
Atlantis Il showing the sixteen return echos off
the bottom. Left: Ann Martin and Brian Tucholke.
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underhull arrays have been mounted on both ships, and the
associated electronics presently are installed on R/V Conrad.
The Graduate School of Oceanography at URI operates and
maintains the electronics and designs the computer software for
logging, processing, and archiving the data. NECOR expects to
acquire a second set of echo-processing electronics within the
next year with funding from the Office of Naval Research, pro-
viding both the Arlantis IT and Conrad with full-ime Sea Beam
capabilities by 1985.

The Sea Beam system, consisting of a narrow beam echo
sounder and an echo processor, can be used in water depths up
to 11 kilometers (6.8 miles). A sonar beam is transmitted as a
sound signal in each of 20 projectors along the ship’s keel,
forming a fan-shaped sound swath. Sixteen samples of the
return echo — 8 port beams and 8 starboard beams — are
received by a 40-hydrophone array mounted athwartship. The
transmitted beam is stabilized to within ¥4° of true vertical for
ship’s pitch and roll angles of £10°. A vertical gyroscope is
used so that the returned signal is adjusted for the ship’s ver-
tical. Before display, the echo processor takes into account
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Sca Beam swath from the eastern equatorial
Pacific following the axis of the East Pacific Rise.
The ship track ran along the center of the swath;
numbers indicate depth in meters.

the ship’s heading, pitch, roll, and depth. The contour inter-
val and scale plotted are set by the operator.

Coupled with good navigation, the Sea Beam system can accu-
rately map approximately 1,900 square kilometers/day (750
square miles) of sea floor in water depths of 5 kilometers
(about 3 miles). The crosstrack profile is monitored on a video
screen, and a real-time contour chart of the area beneath the
ship, centered on the ship’s path and representing a width
about 80% of the water depth, is continuously plotted on a flat-
bed pen plotter. The strip chart is annotated according to verti-
cal depth in meters, ship’s heading, time, and contour interval
(meters); tickmarks are drawn on alternate contour lines to
show slope directions. Detailed surveys can be designed with
overlapping swaths that are cross-correlated by the system’s
computer to provide a bathymetric map.

The bathymetric maps help provide answers to important ques-
tions dealing with volcanic, tectonic, and sedimentary processes
that shape the sea floor. The system will provide the constraints
needed to test and develop new models about tectonics, plate
kinematics, sedimentation, mass wasting and abyssal circulation.
These data are important to both basic and applied research in
such diverse fields as geology, ocean engineering, physical oce-
anography, marine chemistry, and marine biology. In addition
to its use as a mapping tool, Sea Beam allows an investigator to
deploy near-bottom instruments precisely with respect to
seafloor features. For example, water sampling devices and cur-
rent meters can be moored in narrow channels and canyons, or
seismometers can be emplaced accurately for detailed geophys-
ical studies.

Although Sea Beam is new to the U.S. academic community, it
has been operational elsewhere for some years. Three mul-
tibeam swath systems, precursors of Sea Beam, have been in
use by the U.S. Navy since 1965. The first Sea Beam was devel-
oped for the Australian Government in 1973, and systems have
been in use aboard the French research vessel Jean Charcot
(CNEXO) since 1977 and on the NOAA ship Sirveyor since
1980. Scripps Institution of Oceanography recently installed a
Sea Beam system on the RV Thomas Washington.

The NECOR ships RV Atlantis 11 from Woods Hole and RV
Conrad from Lamont-Doherty, together with the onshore facili-
ties of the Graduate School of Oceanography at URI, will pro-
vide oceanographic institutions on the U.S. East Coast with a
sophisticated bathymetric mapping capability and new insights
into the processes that shape the ocean floor.
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Mooring Technology
Robert G.Walden and Henri O. Berteaux

The Woods Hole Oceanographic Institution has developed a
series of deep-sea moorings suitable for collecting oceano-
graphic and meteorological data. Over the last decade moorings
deploved at sea increased in numbers and sophistication; more
than 800 have been deployed since the early 1960s. Moorings
were designed, built and deploved for longer periods and in
strong current regimes. Our standard intermediate moorings
are now routinely deployed for one vear; some of them suc-
cessfully implanted in the Kuroshio current and in the Gulf
Stream.

Shelley Lauzon

Fixed and free drifting platforms are measuring and transmit-
ting data via satellite link meteorological and oceanographic
parameters acquired at the ocean surface or at any depth in the
water column. These platforms are spearheading the state-of-
the-art in mooring technology; LOTUS (Long Term Upper
Ocean Study) surface buoys (middle right) and RELAYS (Real
Time Link and Acquisition Yare System) free drifters (bottom
right) are examples of these advanced buoy systems. Certain

scientific programs require instrumented platforms of an origi- o5, Henri Berteaux
nal and innovative type. Examples of these unique systems (left) and Bob
include the large TWEX (International Weather Experiment) walden. Middle:
trimoor and the moored JASIN (Joint Air-Sea Interaction) spar LOTUS surface buoy.
buoy (figure next page). More recently, the needs to rapidly Bottom: RELAYS free

deploy instrumented platforms and/or to access remote areas of ~ drifting buoy.
the oceans prompted the use of long range aircraft which could

deliver and parachute automatic self-deployed mooring systems

like ADOM (Air Deployed Oceanographic Mooring).

The successful implantation and the high recovery rate of buoy
systems set worldwide by WHOI are based on design, testing,
quality control, and proven gear handling procedures. Mooring
design (relying on both analysis and experience) is an impor-
tant part of mooring components (buoys, mooring lines,
anchors, etc.) which can satisfy, within reasonable cost and
safety bounds, specified scientific and operational requirements
such as instrument altitude, depth stability, and length of
deployment. Mooring analysis, done these days with the help of
comprehensive computer programs, determines the loads and
deflections of cable structures as a function of environmental
loading (wind, waves, and currents). The strength of mooring
components is compared against the calculated loads. Predicted
deflections are also compared against projected operational
goals. The process is repeated until satisfactory results are |
obtained with adequate safety factors. Experience also plays an . o
important role in selecting the type, shape, size, and material of Shelley Lauzon
deep-sea structure components. This experience is gained

through systematic, controlled, documented testing and evalua-

tion. Laboratory tests are routinely performed on synthetic and

wire rope mooring line to determine actual breaking strength,

elongation, torque, and creep characteristics. Connecting hard-

ware is likewise proof tested.

Keith Bradley
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The ultimate measure of the effectiveness of mooring compo-
nents is their ability to survive at sea. To this end special engi-
neering moorings are set at sea specifically to expose mooring
materials for great lengths of time. These moorings are recov-
ered systematically and samples taken for laboratory inspection
and testing. Corrosion, fouling, fishbite, and fatigue all contrib-
ute to the ultimate deterioration of mooring components. Cor-
rosion is reduced through the use of heavy galvanizing on
hardware and wire rope, insulation of dissimilar metals, and use
of sacrificial anodes. Alloys such as Type 316 stainless steel and
titanjum are frequently used to inhibit corrosion. Fouling of
instruments and buoy hulls can be largely controlled with anti-
fouling paints. A tough plastic jacket on mooring lines reduces
damage caused by fishbite.

Refined design techniques, new materials, and better handling
methods now permit oceanographic measurements from
moored stations throughout the water column for periods
greater than one year. Special moorings have been developed
which can be air-delivered. Multileg moorings have been
deployed to permit measurements with both significant hori-
zontal and vertical scales. Mooring life of three to five years now
appears attainable.

The Long-Term Upper Ocean Study
(LOTUS)

Melbourne G. Briscoe

Most physical oceanographic experiments in the top few hun-
dred meters of the open, deep ocean have been only a month
or two long. Shops can rarely remain on station more than 3 or
4 weeks, and buoy systems and the instruments they carry have
always had a reliability problem. Until recently, however, this
limitation on the length of experiments has not been a major
factor because many of the physical processes and scientific
problems being studied in the upper ocean have not demanded
long experiments.

It is the way of science and scientists, however, to seek the outer
limits and greater context of whatever it is that is being studied,
and physical processes in the upper ocean are no exception. No
sooner do we discover that there are transfers of energy
between the ocean and the atmosphere that take a few weeks to
occur than we ask whether there are transfers that take several
months or a season to happen.

From our work in the Joint Air-Sea Interaction project (JASIN)
off the coast of Scotland in 1978, we learned that the energy in
the internal wave field was not constant in time but varied about
a factor of three larger and smaller over a few weeks. We tried
to understand this in terms of other physical processes, such as
variations in the local wind fields and surface waves; the conclu-
sions were ambiguous partly because the experiment was only
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6 weeks long and consequently only a few cycles of the various
process rhythms were happening.

The internal waves were of interest because they are part of the
chain of transfers of energy from large parts of the system of
ocean circulation down to the small scales of mixing and dis-
sipation. Internal waves in the ocean exist because of the com-
bined effects of gravity and the rotation of the earth. The very
large-scale motions like eddies and the Gulf Stream have mainly
horizontal motions that are very much due to the rotation of the
earth and Coriolis effects; very small-scale motions like turbu-
lence have vertical components that have to work against gravity
and can therefore dissipate energy. Internal waves span the gap
and contain both horizontal and vertical motions and can pass
energy from one to another. Current thinking is that the fluctua-
tions in energy of internal waves over several weeks may reflect
the transfer of energy from one part of the circulation system to
another.

After JASIN we began to plan for an experiment that would be
long enough to observe the rise and fall of internal wave energy
and the changes in the larger and smaller-scale processes that
might be sources and sinks of that energy. Since such a study
would demand continuous observations over several seasons,
in essentially the same geographical region, we selected moor-
ings carrying a variety of instruments as the core of the pro-
gram. What has happened in the three years since we started
LOTUS (five years if you start counting from our first thoughts
on the experiment) is a lesson in the practice of modern sea-
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going physical oceanography. Many of the projects that we
attempt are large, but they usually only happen once. LOTUS,
because we are forced by our limited mooring endurance to
acquire two vears of data by performing four consecutive six-
month experiments, has the feeling of going on and on. It is
hard enough to get your equipment and people ready for one
major field experiment, and it has proven even harder to get
ready for four major field experiments.

We selected a site in the middle of the Sargasso Sea, about 500
miles south of Woods Hole and about halfway between Cape
Hatteras and Bermuda (figure right). The bottom is flat there,
the Gulf Stream does not directly influence the site, and it is
about two days away by ship. Previous work at the site had
established expectations about currents, temperatures, and
winds, so it was possible to design our moorings and make a
good guess about the engineering needs of the experiment.

In May 1980 we installed a surface mooring and a subsurface
mooring at the site as engineering tests; we only wanted to
gather a little performance information and assure ourselves
that our moorings could survive the environmental conditions.
When we returned in August to recover the surface mooring, it
was gone. The surface float had disappeared and the rest of the
mooring line had dropped to the bottom. We design our moor-
ings with extra buovancy at the bottom, just above the acoustic
release, so that it is possible to recover the remains of a moor-
ing in just such a situation.

)
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Left: Deployment of a LOTUS mooring. The sur-
face buoy at right has meteorological instru-
ments on top. A near-surface current meter
enters the water to its left. A 5,000-pound anchor
secures the approximately three-mile mooring.
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Top right: Mel Briscoe.
Above: The LOTUS site.
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Unexpectedly, however, a combination of flooded instruments
and lost buoyancy prevented the mooring from surfacing when
we tried to recover it. Since we needed to get the mooring back
in order to find out why we had lost the surface buoy, we drag-
ged for the mooring remains with five miles of traw! wire and
three large grapnels on cruises in November 1980 and May
1981, and were finally successful in August 1981,

Meanwhile, we had installed another test surface mooring using
a newly designed buoy. Between the second test and discover-
ing that a faulty piece of hardware costing $8 had caused the

first test to fail, we convinced ourselves and the Office of Naval
Research that we could successfully perform a two-year near-
surface experiment in the open ocean by sequencing four 6-
month surface moorings. LOTUS got underway in May 1982 with
Oceanus cruise #119 to 34°N, 70°W, to set the mooring array.

By the end of 1983 we had completed the first 19 months of
LOTUS, but not without incident. The first vear went pretty well
except that the second surface buoy (photo previous page)
broke its mooring line in February 1983 and had to be recov-
ered by the Knorr a few weeks later as she was passing by on
her way home from Barbados. This was made possible by a sat-
ellite radio on the surface buoy that continuously transmits the
buoy position and some engineering data back to Woods Hole.
Not only could we tell that the mooring line had parted, we
could determine that most of the scientific instruments were
still hanging from the buoy, which made it worth the cost of
having a ship divert its course to recover it. The entire satellite
telemetry system, which used the ARGOS joint French-American
network, started as an afterthought in LOTUS but has turned
into one of the crucial elements that has allowed the experi-
ment to proceed successfully.

Sometimes current meters themselves provide problems too.
The photo at right shows the results of someone fishing near
the mooring; probably the line broke and the fish went near the
mooring to hide, and the trailing line tangled in the spinning
propeller, Other instrument problems have been broken
blades, failed bearings, and general electronic malfunctions. Tt is
a tough environment.

A second major problem occurred on the October 1983 Ocea-
nus cruise to replace the surface buoy for the last 6-month seg-
ment of the experiment. A combination of poor weather and a
faulty piece of handling equipment caused the replacement
buoy to drop to the deck during launch and damage the buoy
structure and some of the meteorological instruments on top.
The buoy was brought back to Woods Hole to be repaired and
was scheduled to be redeployed in January 1984. This will put a
three-month data gap in the two-year experiment, in addition to
the two-month gap already present earlier in 1983. Our concept
of running a two-year experiment in order to obtain one year of
good data is being dramatically justified.

Not all cruises go well. On the same Ocearies cruise where the
buoy dropped, a brand new wave-measuring buoy that was in
the water for the first time tangled with the ship's propeller and

was lost. Hindsight indicates dozens of ways to have prevented
both of these problems on that cruise, but none were apparent
at the time. We learn from our mistakes, and we are continually
learning. The LOTUS experiment has demanded new technol-
ogy, a long attention span by scientists, engineers, technicians,
and the Office of Naval Research. There have been a few
problems, but the goal has been new knowledge about the
ocean, and we have obtained that too.

From the first vear of LOTUS we have been able to obtain the
profile of eddy and internal wave energy from the surface to
the bottom; no comparable eddy data exist anywhere, and the
shape of the profile may cause some revision of ideas about
how the atmosphere is able to force low-frequency motions in
the ocean. At higher frequencies, we have shown the surprising
result that internal wave energy at mid-depths is a minimum in
the late summer and early fall, and reaches a maximum in the
late winter. In fact, the internal wave energy looks suspiciously
like the annual pattern of wind stress at the site, which has
caused us to begin to look world-wide at the correspondence
between internal wave energy and wind stress. It is possible that
from this single experiment in the Sargasso Sea, even with all
the technical difficulties, we may be obtaining new insights into
the relationship of the atmosphere to the ocean at both low and
high frequencies.

Experimental physical oceanography is not the tvpical scientific
endeavor; it is very difficult to run a traditional “experiment”
where one changes the parameters and learns from the
response to the changes. We are more often in the role of
observers and samplers, and have to take the situations as they
occur. Our controls consist of how we design the observational
program and its inherent capability to provide numbers on the
expected phenomena, but still be sensitive to unexpected phe-
nomena. It is possible to test hypotheses in the ocean, as in the
laboratory, but the really good field experiments also provide
new information and unexpected insights. LOTUS, time will tell,
may be one of the good ones.

One of the hazards: fishing line tangled on a
current meter on the LOTUS mooring.

Mel Briscoe
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Oceanographic Observing Systems
Robert R.P. Chase

The application of the myriad of technical innovations devel-
oped during the past decade to large scale oceanographic ques-
tions cannot be either scientifically or fiscally effective without a
significant planning effort. Numerous conferences have been
held throughout the worldwide research community to address
this issue, resulting in a broad consensus that the technology
now available is sufficiently well-developed that its application
to large-scale, low frequency physical oceanographic problems
is indeed within the realm of feasibility. We have therefore
begun, with funding from the National Aeronautics and Space
Administration and the Office of Naval Research, a major devel-
opmental initiative to bring to fruition the next generation of
measurement systems.

To be responsive to a broad class of research questions, we
have applied an integrated systems approach to oceanic meas-
urement problems. In doing so, we rely upon proven and
productive technologies, exploiting those newly available inno-
vations to their fullest. The result is a tripartite oceanographic
observing system, capable of making measurements in all three
spatial dimensions and through time, yielding a four-dimen-
sional picture of the ocean on scales from days and a few tens of
kilometers to years and the entire width of an ocean basin.

The tripartite oceanographic observing system under develop-
ment consists of surface drifters and moorings, and remote
sensing instrumentation. It rests upon a cornerstone of NASA-
developed spacecraft capabilities, utilizing the proven capabili-
ties of satellites to provide both significant new information
about the ocean and relay more conventional in situ data
directly to a researcher at time of acquisition. Drifter, mooring,
and remote sensing data are closely matched in space and time,
enabling the ocean’s full four-dimensional structure to be ana-
lvzed. All dau are telemetered to specially designed shoreside
facilities for processing.

Unlike other measurement techniques, remote sensing is singu-
lar in its ability to provide continuous coverage over a large
area, opening the possibility that significant new research can
be performed and addressing a suite of oceanographic
problems which previously could not be investigated. Existing
satellite-borne instrumentation provides a variety of quantitative
measurements such as sea surface temperature and surface
pressure fields, thence surface geostrophic velocities. Other sci-
entifically useful measurements include surface wind stress or
driving force, wave height, chlorophyll content, and ice cover.
Although the oceans are a dynamic fluid system responding in
all three spatial dimensions and throughout time, satellite
remote sensing is limited to measurements at the surface of the
ocean. Consequently, a realistic approach to studying meso- to
large-scale phenomena requires a combination of measure-
ment techniques to monitor the full spatial and temporal extent
of these phenomena. The satellite-based, tripartite oceano-
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graphic observing system is the first attempt of its kind to pro-
vide these data.

Part of this system is the Real-Time Link and Acquisition Yare
System (RELAYS), which can be considered both a “floating
mooring” and a “drifting autonomous listing station ™. It is a sur-
face drifter capable of reaching into the interior of the ocean
and telemetering data from various depths to shoreside facili-
ties. RELAYS is a general purpose data acquisition platform unit-
ing two proven measurement technologies into a single
instrument platform capable of simultaneously transmitting all
acquired data via satellite to any number of investigators at mul-
tiple locations through the world.

RELAYS consists of a surface torpedo buoy with data processing
computer, satellite telemetry transmitter, rechargeable batteries
and solar panel power supplies, and a subsurface electromechan-
ical cable. Along the cable are placed current meters, pressure
and temperature sensors, conductivity sensors, a hydrophone
array and receiver, inclination and tension sensors, and distrib-
uted drag elements and flotation, forming the floating mooring
concept. The hydrophone array and receiver provide an auton-
omous listening station capable of receiving and retransmitting
both ambient environmental noise or acoustically transmitted
data from tomographic sources or tracking and retransmitting
data from freely-drifting, subsurface floats. This simple system
has the advantage of potentially supporting many other types of
measurements, thereby providing a very powerful vet routine
link between the research scientist and the subsurface ocean.

The inclusion of current sensors on the RELAYS drifter, together
with a satellite’s ability to geographically track and position the
platform provides, for the first time, a means of calibrating the
performance of drifters and measuring the absolute current
velocity of the upper ocean. Data derived either from cable-
connected sensors or acoustically through the hydrophone is
sampled serially by the microprocessor controller. This com-
puter first processes the data onboard then waits until one of
two polar-orbiting spacecraft is within the field-of-view; the data
are then transmitted via radio to the satellite for distribution.
Designed for air or ship-of-opportunity deployment, and with
automated sensor check-out and calibration, the expense of
operating the multifunctional platform is significantly less than
the systems it replaces.

The satellite-linked oceanographic instrument system combines
the best features of two proven and productive instrument sys-
tems; the subsurface mooring with its ability to sample a broad
spectrum of parameters throughout most of the water column,
and the surface telemetry link capable of transmitting data from
all sensors on the“mooring string” to an investigator, immedi-
ately upon acquisition.

Designed to replace the WHOI standard intermediate mooring,
microprocessor-based electronics housed within the RELAYS
subsurface flotation sphere and powered by solar cells interro-
gate serially each of the sensors within the system, process these
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Anchored mooring offers another dimension to
the tripartite observing system.

data, and then transmit the data over a radio-link to an opera-
tional satellite system. As presently configured, the satellite-

linked system employs the same generic suite of sensors and
electronics used within the RELAYS data acquisition platform.

Should failure occur in the surface tether cable, an emergency
location transmitter within the surface buoy and a data recorder
within the flotation sphere are activated. Thus, neither instru-
mentation nor data will be lost with this newly emerging sys-
tem. With a design endurance of five vears and automated
sensor check-out and calibration, the expense of operating this
mooring for long endurance experiments will be substantially
less than existing svstems.

Taken together, in situ and remote sensing data derived
through this satellite-based tripartite oceanographic observing
system provide the nucleus of a fruitful, cost effective, next gen-
eration observing system.
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James Broda

Ocean Bottom Hydrophones
G.M. Purdy

For the past seven years we have been using hydrophones
positioned on the ocean bottom to listen to sounds both natural
and man-made that tell us about the structure and ongoing
processes deep inside the earth beneath the oceans. We have
deployed instruments in over a hundred different locations in
the Adantic and Pacific Oceans and have intentionally, and
sometimes by chance, recorded sounds ranging from the vocal-
izations of finback whales to earthquakes, airguns, and the
explosions of tons of TNT (figure bottom right).

The study of seismic waves is one of the most powerful tools
available to the marine geophysicist in his quest for knowledge
about the earth’s deep interior. These studies involve either the
interpretation of man-made explosions in terms of the seismic
velocity structure of the crust and mantle through which the
seismic waves have propagated, or alternatively the study of
earthquake sources to determine the nature of faulting associ-
ated with the release of tectonic stress. Although many seismic
experiments are commonly carried out using hvdrophones at
the sea surface towed astern of a research vessel, there is often a
need for monitoring incoming seismic energy either at a pre-
cisely fixed location or for a long period of time, or both. It is
for these experiments that we have designed and built self-
contained internally recording instruments to rest on or near
the sea floor, record the output of a hydrophone, and return to
the surface upon acoustic command from the research vessel.
The duration of the deployment varies, depending upon the
goal of the experiment, from a few hours to several weeks; we
anticipate deployments of as long as one year in the future.

The design of ocean bottom hydrophone instruments is compli-
cated by the requirement for a high degree of reliability com-
bined with the considerable versatility demanded by the widely
differing requirements of a typical suite of seismic experiments.
The necessity of reliability results from the high cost and com-
plexity of modern seismic experiments in the deep ocean.
Although it is conceivable that fairly economical instruments
can be constructed so that the loss of one or two units becomes
an acceptable risk, the resulting loss of data detracts so exten-
sively from the success of the experiment as to be unacceptable.
These considerations were paramount in our thinking when
our first ocean bottom hydrophone instrument was designed
and built in 1976 by technical staff members Donald Koelsch,
Warren Witzell and Carlton Grant, Jr. We built an instrument
oriented specifically towards the requirements of explosion seis-
mic refraction experiments and were ruthless in our quest for
both simplicity in design and for components and mechanical
configurations that had been well proven by other scientists and
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engineers at WHOI The instrument (figure bottom right) con-
sists of two independent pressure cases: one containing hydro-
phone recording electronics and the other an unmodified
commercially available acoustic transponder release. Buoyancy
capable of withstanding pressures of up to 10,000 pounds per
square inch (equivalent to about 6,500 meters depth) is pro-
vided by four glass balls and the anchor weight is suspended
beneath the acoustic release hook on about 10 feet of rope.

The hydrophone recording electronics consists of amplifiers, a
crystal controlled chronometer and a slow speed direct record-
ing ¥4” tape recorder that operates at only Yo inch per second. A
single 1,800-foot-Jong five-inch diameter reel of Vs-millimeter-
thick tape will thus provide a continuous recording of the
hydrophone output for as long as 10 days.

This simple and reliable instrument has been the basis of
almost all our data collection for the past seven years. However,
as the complexity of our seismological experiments increases,
the capabilities of this analog instrument become inadequate.
The principal limitations lie in its limited bandwidth, limited
dynamic range, and restricted recording duration.

To correct these deficiencies we have built a microprocessor
controlied digitally recording instrument that shares the identi-
cal mechanical configuration with the analog version but has a
more complex and flexible set of electronics. This new system
with two microprocessors will be capable of remaining on the
ocean floor for periods of many months recording high fidelity
data. During one deployment the instrument can be program-
med to change sampling rates, mode of operation, or both.
After completion of a seismic refraction experiment recorded in
preprogrammed mode, for example, the instrument could
switch to event detect operation to record earthquakes or other
random events. During a single experiment the nature of the
source may change, and the sampling rate at which the data is
recorded may have to be altered.

To ensure a reasonable distribution of data during a long earth-
quake monitoring experiment, a limit can be placed on the
maximum number of events recorded per day to prevent filling
the tape cartridge in one short period of time due to a localized
swarm of events. The flexibility provided by the software elimi-
nates the need for hardware modification; if sufficient care is
taken in the initial preparation of the software, considerable
reliability is gained from never having to modify the electronics
at sea. As a result, we plan to operate the instrument in ‘sealed-
case’ mode. Data retrieval, reprogramming, and check-out pro-
cedures can all be carried out from outside the instrument pres-
sure case; only a component failure will necessitate opening the
instrument at sea.

Our knowledge of the deep structure of the earth and of the
processes that shape the major features of its surface and drive
the lithosphere plates on their wandering paths around the
globe is wholly inadequate. The oceans, lying on thin, relatively
homogeneous crust, provide the geophysicist and seismologist

with a window into the earth’s interior that is not cracked and
frosted by the mountain ranges and inhomogeneities that char-
acterize the much thicker continents. To make full use of this
‘window', ocean floor monitoring systems like our ocean bot-
tom hydrophones are but a small beginning. More extensive
and permanent installations will inevitably prove necessary. Qur
community has just begun to take advantage of the veritable
treasure trove of data that lies waiting to be recorded on the
ocean floor. Based on what little we have seen, it is certain that
the next ten years of seismology in the deep ocean holds in
store many exciting new breakthroughs in the fundamental
understanding of the earth.
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1983 Degree Recipients

Massachusetts Institute of Technology/
Woods Hole Oceanographic Institution
Joint Program in Oceanography/
Oceanographic Engineering

Doctor of Philosophy

BRUCE D. CORNUELLE

B.A. Pomona College

Special Field: Physical
Oceanography

Dissertation: {nverse Methods and
Results from the 1981 Ocean
Acoustic Tomography
Experimert

MARGARET L. DELANEY

B.S. Yale University

Special Field: Chemical
Oceanography

Dissertation: Foraminiferal Trace
Elements: Uptake, Diagenesis,
and 100 m.y. Paleochemical
History

WILLIAM K. DEWAR

B.S. Ohio State University

Special Field: Physical
Oceanography

Dissertation: Atmospheric Interac-
tions with Gulf Stream Rings

ALAN V. KLOTZ

B.A. Rice University

Special Field: Biological
Oceanography

Dissertation: Purification and
Characterization of the
Hepatic Microsomal Morno-
oxygenase System from the
Coastal Marine Fish
Stenotomus chrysops

SUSAN M. LIBES

B.A. Douglas College

Special Field: Chemical
Oceanography

Dissertation: Stable Isotope
Geochemistry of Nitrogen in
Marine Particulates

STEPHEN D. MCCORMICK

B.S. Bates College

Special Field: Biological
Oceanography

Dissertation: Effects of Size, Age
and Photoperiod on Hypoos-
moregulation in Brook Trout
Salvelinus fontinalis

KENNETH G. MILLER

AB. Rutgers University

Special Field: Marine Geology

Dissertation: Late Paleogene
(Eocene to Oligocene) Pale-
oceanography of the Northern
North Atlantic

DOUGLAS R MOOK

B.S., S.M. Massachusetts Institute
of Technology

Special Field: Oceanographic
Engineering

Dissertation: 7he Numerical Syn-
thesis and Inversion of Acous-
tic Fields Using the Harikel
Transform with Applications
to the Estimation of the Plane

Wave Reflection Coefficient of
the Ocearn Bottom.

CHRISTOPHER PAOLA

B.S. Lehigh University

Special Field: Marine Geology

Dissertation: Flow and Skin Fric-
tion over Natural Rough Beds

KRISTIN M. M. ROHR

B.A. Brown University

Special Field: Marine Geophysics

Dissertation: A Study of the Seis-
mic Structurve of Upper
Oceanic Crust Using Wide-
Angle Reflections

VICTOR ZLOTNICKI

Surveyor, Geophysics Engineer
University of Buenos Aires,
Argentina

Special Field: Marine Geophysics

Dissertation: The Ocearnographic
and Geoidal Components of
Sea Surface Topography

Doctor of Science

GREGORY L. DUCKWORTH

B.S. Rice University

S.M. and E.E. Massachusetts Insti-
tute of Technology

Special Field: Oceanographic
Engineering

Left: Dave Aubrey lectures on
coastal erosion in Clark 507.
Above: Joint Program student
Maureen Kennelly.

Dissertation: Processing and
Inversion of Arctic Ocean
Refraction Data

SCOTT M. GLENN

B.S. University of Rochester

Special Field: Oceanographic
Engineering

Dissertation: A Continental Shelf
Bottom Boundary Layer
Model: The Effects of Waves,
Currents, and a Moveable Bed

JOHN H. TROWBRIDGE

B.S.CE. University of Washington

Special Field: Oceanographic
Engineering

Dissertation: Wave-Induced Tur-
bulent Flow Near a Rough
Bed: Implications of the Time-
Varying Eddy Viscosity

Degree of Civil

Engineer

WILLIAM J. BURKE

B.S.CEE. University of Notre Dame

Special Field: Oceanographic
Engineering

Dissertation: An Improved Loran-C
Drifting Buoy and Drogue for
Coastal Applications

Shelley Lauzon



30

Dean’s Comments

Record Number of Graduate Students

For the first time since the WHOLMIT Joint Program was
founded 17 vears ago, our resident student body has climbed
above the 100 mark. Our 1983 fall enrollment was a record 106.

When I became dean three years ago, there were 79 students in
the program. At that time we set an enrollment goal of 110
within 5 years, without sacrificing the quality of our program.
Active recruiting by our staff has helped us approach this goal.
In order to maintain our exceptional quality level, however, we
must continue to reach out for new student applicants from
schools that have not sent us applicants.

Another Record

Our increased enrollment is also due in part to a significant rise
in the Joint Program’s acceptance rate. We've enjoved a 10-year
acceptance percentage average of 67% — the highest rate among
all major oceanographic institutions. In 1983 our annual accept-
ance rate increased significantly, with 77% of applicants offered
admission in 1983 enrolling in the program, a figure at least
25% higher than our competition’s rate. Clearly, the Joint Pro-
gram has become a premier choice for oceanographers of the
future.

New MIT Joint Program Director

Arthur Baggeroer has been appointed the new MIT director of
the Joint Program, filling the post vacated by Professor John
Sclater who moved to the University of Texas. Arthur holds joint
appointments in the departments of Ocean Engineering and
Electrical Engineering and he has supervised numerous Joint
Program graduates. He is also involved in a large joint MIT/
WHOI research project in the Arctic.

Careers Booklet

Hot off the press — as we said it would be in last vear’s annual
report— is the Careers in Oceanography booklet. The American
Geophysical Union has printed 10,000 copies for distribution to
science teachers, counselors, and prospective applicants to the
graduate field of oceanography.

The booklet’s first distribution target will be the National Sci-
ence Teachers Association. We have identified the NSTA, which
includes some 40,000 members, as the key vehicle for spread-
ing the word that oceanography can be a fascinating career for
the science major — a concept that seems to be virtually
unknown amongst the tens of thousands of science-oriented
undergraduates. Our recruiting efforts will be focused within
this organization.

Deans’ Retreat

The University of Washington hosted the third meeting of U.S.
and Canadian Graduate Deans of Oceanography in June 1983.
The Deans’ Retreat, a forum started by WHOI in 1980, was
attended by representatives from the University of Washington
and WHOI as well as the University of British Columbia, Dal-
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housie University, University of Delaware, University of Hawaii,
Lamont-Doherty Geological Observatory, University of Mary-
land, Oregon State University, University of Rhode Island,
Scripps Institution of Oceanography, and Texas A&M University.

Some conclusions drawn at this meeting;

Despite decreasing numbers of applicants (see graph), the qual-
ity of applicants in general to these graduate schools has
remained high. The largest pool of excellent applicants is in
biological oceanography, but acceptances are funding-limited.
The other disciplines are applicant-limited.

Oceanographic institutions use a shotgun approach to recruit-
ing and seldom know whether their individual efforts are suc-
cessful. The total applicant pool appears to number about 600; a
15-20% increase in that figure would have a significant impact.

Of questionable value in recruiting are flyers and brochures
and advertisements placed in such publications as EOS or col-
lege newspapers. What may be of value are summer fellowship
programs, personal recruiting trips by faculty to undergraduate
schools for discussions, and visits by graduate students to their
undergraduate institutions or local universities.

JOL Inc. has agreed to act as an organizational body to help the
deans’ group and will provide support for future meetings. The
next Deans’ Retreat is slated for the fall of 1984 at Scripps.

An executive committee has been formed to coordinate future
retreats and carry out recommendations of the body. Members
of the committee include: Charles D. Hollister, Chair, and A.
Lawrence Peirson III, Executive Secretary, both of WHOI: D.
James Baker, JOI, Inc.; Richard Sternberg, University of
Washington; and Ferris Webster, University of Delaware.
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A capacity crowd was on hand 3 January in Redfield Auditorium
to hear Vice President of General Motors Research Laboratories
Robert A. Frosch deliver the fifteenth J. Seward Johnson Lecture
in Marine Policy entitled “Relevance, Irrelevance and General
Confusion: Problems in Science Policy.” Frosch, a Trustee and
former Associate Director for Applied Oceanography at the
Institution, told the audience that despite problems the present
U.S. science policy was better for science and technology than
the rigidity of a tightly coordinated science policy some have
proposed.

A $1.1 million two-year grant from The Pew Memorial Trust was
received in January to establish an Ocean Engineering Research
Laboratory ($400,000) and for continued support of the Marine
Policy and Ocean Management Program ( $700,000).

Massachusetts Secretary of Environmental Affairs James Hovte
visited Woods Hole 18 February to participate in Black History
Month. During his visit he spoke to a large crowd in Redfield
Auditorium on the state purchase of Washburn Island, the pro-
posed waste facility at Otis Air Force Base, and the future of
development on Cape Cod as it relates to ground water
supplies.

A $1,000 college scholarship was awarded to Falmouth High
Schootl junior Sheila Clifford for her project on “Oll, Artemnia,
and Lipids™ at the Falmouth Science Fair 12 March. Sheila is the
daughter of Chemistrv Department Research Associate Hovey
Clifford.

Approximately 115 Associates and guests attended the annual
spring dinner 26 April at the Boston Museum of Science. Three
poster sessions on color computer graphics in oceanography,
satellite-linked oceanographic observing systems, and shear
strength of sediments were featured during the cocktail hour,
Capt. Robertson P. Dinsmore spoke after dinner on “Oceano-
graphic Ships, Past and Present.” Two days later, 75 Associates
and guests gathered at the University Club in New York to hear
Senior Scientist Robert D. Ballard speak on “Argo/Jason, Woods
Hole’s New Exploration Vehicle.”

Fourteen doctorates and one oceanographic engineering
degree were awarded in the MIT/WHOI Joint Program in 1983,
bringing the total number of degrees awarded since the pro-
gram was founded in 1968 to 132 doctorates and 21 engineers
degrees. Three WHOI degrees have also been awarded, for a
total of 156 degrees. The 1983 entering class consisted of 25 stu-
dents, including 12 women and three foreign students. Thirty-
two were offered admission, making this year’s acceptance rate
of 78 percent the highest ever; the 10-year average has been 64
percent.

Inclement weather 27 Mav didn’t dampen the spirits of some 35
new Associates and guests who visited the Institution for a
closer look at facilities and an opportunity to learn more about
our programs.

The Summer Geophysical Fluid Dynamics Program began its

25th consecutive year of operation in June with 11 Fellows and
visiting lecturers and staff from the U.S. and abroad. Two Fel-
lows attended from the Soviet Union.

Annual Meeting activities began 23 June as Trustees assembled
for a meeting and dinner prior to the Annual Meeting. The fol-
lowing dav, 68 Corporation Members and Trustees attended the
Annual Meetings. Senior Scientist Robert C. Spindel presented
the science report on acoustic tomography. Highlighting the
activities was the dedication 24 June of the Advanced Chemistry
Laboratory to Paul M. Fye, President of the Corporation since
1961 and Director of the Institution from 1958 to 1977. Several
hundred, including many emplovees, gathered in front of the
new Paul M. Fye Laboratory for the dedication ceremonies dur-
ing the afternoon and had an opportunity to visit the facility dur-
ing an Open House which followed. A large crowd gathered
later in the day for the Associates lecture, presented by Senior
Scientist John W. Farrington on “Organic Compounds and the
Oceans: From Plankton to Petroleum and Back.” Three hun-
dred- thirty attended the combined Trustees, Corporation Mem-
bers and Associates Dinner held that evening under a tent on
the Fenno House grounds.
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Laboratory.
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Some 150 family members, friends and former colleagues gath-
ered 25 June in Redfield Auditorium to pay tribute to Senior
Oceanographer Emeritus Alfred C. Redfield, who passed away
17 March at age 92. Director John H. Steele joined others from
the scientific community in remembering his contributions, and
family members offered their recollections.

Redfield Auditorium was filled to capacity 27 June for the six-
teenth J. Seward Johnson Lecture in Marine Policy, “The Future
of Ocean Science,” presented by Roger Revelle. A WHOI Trus-
tee and former Director of the Scripps Institution of Oceanogra-
phy, Revelle is Professor of Science and Public Policy at the
University of California, San Diego. He outlined the advances
we have made in ocean science and the challenges which lay
ahead, and stressed the importance of attracting and retaining
bright young scientists in marine science.

A $200,000 challenge grant was received in July from The
Kresge Foundation toward construction costs of the Paul M. Fye
Laboratory.

Members of the Ocean Engineering Department donated their
time and use of the Institution’s recently purchased remotely
piloted vehicle (RPV) to assist the Quincy (MA) Fire Department
in searching for the body of a 17-year-old youth who jumped
from a ledge in Swingle's Quarry in that city. After four full days
of operation and more than 10 dives into the 400-foot-deep

quarry, the unsuccessful search was called off by mutual decision.

The MBL Library, jointly funded and operated by the Institution
and the Marine Biological Laboratory, was awarded a $1 million
challenge grant from The Andrew W. Mellon Foundation. The
grant, to be matched by $1.5 million from other sources in the
next few years, will provide endowment revenues for space and

American defender
Liberty passes by the
stern of Oceanus
during a postpone-
ment in the first
America’s Cup race 13
September.

Hoyt Watson

equipment improvement, staff development and training, and
other needs.

Twenty entries competed in the fourth annual Anvthing But a
Boat Regatta 7 August in Great Harbor. More than 1,000
watched the event. That afternoon, several hundred employees
and their families gathered on the Fenno House grounds for
the annual Employee Picnic. A ten-piece jazz band provided
musical entertainment.

Massachusetts Governor Michael S. Dukakis visited the Institu-
tion 12 August for briefings on coastal erosion, research impor-
tant to fisheries, and acid rain on Cape Cod. The Governor,
Secretary for Economic Development and Manpower Affairs
Evelyn Murphy, Director John H. Steele and representatives
from local marine-related industries met to discuss ways in
which the state government could assist both research and
industrial organizations in southeastern Massachusets. Dukakis
expressed hope Woods Hole would become the marine-related
high technology center for excellence.

One hundred Associates and guests were entertained by four
humpback whales and a calf during a whale watch expedition 9
September off Provincetown aboard the charter vessel Dolphin
IV. A school of white-sided porpoises, two finback whales and a
shark were also sighted.

On 13 September more than 520 Associates and guests aboard
Ocearnus and the charter vessel Poirt Gammon traveled to
Rhode Island Sound off Newport to watch the first race for the
America’s Cup. After two unsuccessful attempts to set the
course, the race was postponed, but spectators got a close-up
look at American defender Liberty and challenger (and eventual
winner) Australic I1.

Senior Scientist Henry M. Stommel was chosen one of two
recipients of the 1983 Crafoord Prize for his “fundamental con-
tributions in the field of geophysical hydrodynamics that in a
unique way contributed to our understanding of the large-scale
circulation of the atmosphere and the sea.” The Crafoord Prize
is presented by the Royal Swedish Academy of Sciences, which
awards the Nobel Prizes.

Senior Scientist Robert D. Ballard was featured in a National
Geographic Society special on plate tectonics, “Born of Fire,”
which aired 6 April on the Public Broadcasting System network.

Senior Scientist Howard L. Sanders was one of 60 new mem-
bers elected to the National Academy of Sciences.

Associate Scientist John A. Whitehead, Jr., was elected a Fellow
of the American Physical Society.

Scientist Emeritus Robert W. Morse was one of 296 individuals
elected Fellows of the American Association for the Advance-
ment of Science.

Senior Scientist Peter G. Brewer received the National Science
Foundation’s (NSF) Sustained Superior Performance Award in
recognition of his two years at NSF as manager of the marine
chemistry program.
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Top: Work continued in

December on the Alvin
hoist system. Middle:
Peter Brewer (right)
receives the National
Science Foundation’s
Sustained Superior Per-
formance Award from
M. Grant Gross, Ocean
Science Division direc-
tor. Bottom: Poster ses-
sion at the Second
International Sym-
posium on Responses

of Marine Organisms to

Pollutants.

Associate Scientist William J. Jenkins was selected the recipient
of the 1983 Rosenstiel Award in Oceanographic Science for his
“contributions to the measurement of time scales of ocean
processes and for insights he has provided to oceanic circula-
tion and seafloor formation.” The Rosenstiel Award, $5,000 and
a medal, was presented to Jenkins 10 November in Miami.

Analytical Geochemist Jean K. Whelan became the Institution’s
first woman senior research specialist in August. She has been
at WHOI 10 vears.

DSRV Alvin began a five-month overhaul and maintenance
period following its return to Woods Hole 17 December 1982
aboard RV Lulu. During the overhaul the submersible’s tita-
nium frame was extensively modified to accommodate the
single-point lift system being installed on R/ Atlantis IT. Alvin
and Lufu returned to service in late June for a series of surmer
dives in the North Adantic for biological, geological, and engi-
neering studies. The pair ended their historic partnership of
nearly 20 vears when the submersible was transferred to
Atlantis [T in November. Litli remained at the pier with a skele-
ton crew through the end of the year waiting for word from the
U.S. Navy as to her future use.

Work continued at pierside throughout 1983 on Atlantis IT as
part of the mid-life refit and overhaul begun in 1979. Conver-
sion for the over-the-stern lift system for Alvin was done simul-
taneously, with installation of deck tracks and a hangar for the
sub, nearby support shops in part of the main lab, and the 41-
foot hydraulic A-frame and control shed on the fantail.

RV Oceanus departed 10 January for a four and one-half month
voyage to South America and Africa, the ship’s longest voyage to
date. Oceanus spent the rest of the year in and out of Woods
Hole engaged in biological, chemical, physical oceanographic,
and ocean engineering studies in the North Atlantic.

RV Knorr was briefly powered by sails during Vovage #102 in
May when the engines broke down several hundred miles
south of Woods Hole. Tarps from the Bosun's locker were hung
from the foremast and served for a little more than a day until
the engines were repaired. The ship began the vear engaged in
work for the Tropical Atlantic Study, spent the summer in and
out of Woods Hole for geological and ocean engineering stud-
ies in the western North Atlantic, and departed in mid-July for a
10-month cruise to the South Atlantic primarily for physical
oceanographic and geophysical studies.

Among the many visitors to the Institution during the year were
Professor Hsu Houtze of the Institute of Geodesy and Geophys-
ics, Academy of Sciences, of the People’s Republic of China and
a group from the South China Institute of Oceanology. Twenty-
five representatives from oil companies, engineering firms and
local instrumentation manufacturers attended a two-day work-
shop in March on “Development in Coastal Ocean Dynamics:
Small- and Large-Scale Processes”; the workshop was the first in
an expanded Ocean Industries Program which now includes
firms other than oil companies who work in or have an interest



Ashore & Afioat

in the marine environment. Several hundred scientists gathered
in Woods Hole in late April for the Second International Sym-
posium on Responses of Marine Organisms to Pollutants, dur-
ing which 90 papers were presented on the mechanisms and
significance of pollutant effects in marine animals; Associate Sci-
entist John J. Stegeman was svmposium chairman. The Naval
Command College of the Naval War College visited for the first
time in May; 36 nations were represented. The Acoustical Soci-
ety of America Narragansett Chapter held its June meeting at the
Institution, with Associate Scientist George V. Frisk delivering
the keynote address on “Ocean Bottom Acoustics.” More than
100 members of the MIT Class of 1943 spent the day 11 June in
Woods Hole to hear presentations about Institution research
activities and facilities and the joint education program with
MIT. Dr. Kemal Kafali, Rector of Istanbul University, discussed
exchanges of technical and scientific information and coopera-
tive activities during a visit 16 June. Two U.S. Congressmen vis-
ited the Institution in August; Rep. Robert Traxler ( D-Michigan)
of the House Appropriations Committee spoke with scientific
staff members and toured facilities 23 August, while Sen. Robert
Packwood (R-Oregon), chairman of the Committee on Com-

Chief Alvin Pilot Ralph Hollis ex-
plains the launch system on Lulu
to foreign officers attending the
Naval War College staff course.

merce, Science and Transportation visited 30 August. An ad hoc
group on Arctic Ocean Science of the National Academy of Sci-
ences Polar Research Board met 26-27 at the Institution to
develop a plan for Arctic marine science not presently being
addressed; John H. Steele is a member of the committee. Sev-
enty-five Stanford University alumni aboard a charter vessel
spent 3-4 October in Woods Hole and heard presentations on
Institution research and facilities. A working symposium on
oceanographic data systems 4-6 October attracted 150 engi-
neers and computer specialists to the Institution; Research Spe-
cialist Gus D. Tollios was program chairman. Seventy-five
scientists, shellfish officers and commercial fishermen met 28
October at the Institution to discuss the biology, ecology, and
management of the bay scallop. Two delegations of japanese
scientists and engineers interested in pollution and deep-sea
mining visited during October. “Research Problems of Joint
Utility Industry/WHOI Interests” was the topic of a workshop
16-17 November which attracted representatives from various
electric research organizations and power companies. The
Ocean Industries Program’s Policy & Environmental Studies
Section sponsored a seminar 7-8 December on “Ocean Policy
and Economics and Our Use of the Sea.”

Friends, family members, and colleagues gathered 16 Decem-
ber for thirty-year pin presentations to Wiiliam M. Dunkle, Jr.,

Paul M. Fye, Thomas D. Rennie, and Eloise M. Soderland. Ten

individuals who retired during the year were also honored.

More than 300 employees and guests attended the annual Insti-
tution Christmas Party 17 December at the New Seabury Coun-
try Club.

The Institution’s warehousing facilities were further centralized
atyear’'s end with the addition of a new warehouse in the
GEOSECS area of the Quissett Campus. A 20-meter fiberglass
flume for biological, chemical, and fluid dynamical studies was
delivered to the Coastal Research Laboratory and expected to
be in operation in the spring of 1984. The Office of the
Research Librarian expanded its facilities in the first floor of
Clark Laboratory by opening a reading room with a book col-
lection for students.
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Scientific and Technical Staff

As of 31 December 1983

Directorate

JOHN H. STEELE

Director

DEREK W. SPENCER
Associate Divector for Research
GEORGE D. GRICE, JR.
Associate Director for
Scientific Operations
JOSEPH KIEBALA, JR.
Assistant Director for
Finance and Administration
CHARLES D. HOLLISTER
Dean of Graduate Studies

Biology
Department

John M. Teal, Department
Chairman, Senior Scientist

Donald M. Anderson, Associate
Scientist

Research Affiliate, Massachusetts
Institute of Technology
Adjunct Professor of
Oceanography, University of
Rbode Island

Richard H. Backus, Senior
Scientist

Associate in Ichthyology, Harvard
University

Steven H. Boyd, Research
Associate

Judith M. Capuzzo, Associate
Scientist

Francis G. Carey, Associate
Scientist

Above: Larry Madin gives a
summer lecture. Right: Alan Davis
sets up equipment after moving
into the Fye Laboratory.
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Hal Caswell, Associate Scientist

George L. Clarke, Marine
Biologist

nonresident Professor of Biology
(Emeritus), Harvard University

Nathaniel Corwin, Analytical

Chemist

Timothy J. Cowles, Assistant
Scientist

James E. Craddock, Marine
Biologist

Associate in [chthyology, Harvard
University

John W. H. Dacey, Assistant
Scientist

Mark R. Dennett, Research
Associate

Marvin A. Freadman, Assistant
Scientist

Scott M. Gallager, Research
Associate

Patricia M. Glibert, Assistant
Scientist

Joel C. Goldman, Senior Scientist

. Frederick Grassle, Senior
Scientist

George R. Hampson, Marine
Biologist

G. Richard Harbison, Associate
Scientist

Holger W. Jannasch, Senior
Scientist
Privat Docernt in Microbiology,
University of Gottingen
Aduvisory Board,
Environmental Affairs, Boston
College Law School

Laurence P. Madin, Associate

Scientist

Roger L. Mann, Associate
Scientist

Nancy H. Marcus, Associate
Scientist

Frank J. Mather 111, Scientist
Emeritus

John J. Molongoski, Research
Associate

Roderick Morin, Research
Associate

Robert J. Naiman, Associate
Scientist,
Director-Matamek Research
Program
Adjunct Professor, University
of Waterloo

Howard L. Sanders, Senior
Scientist

Research Affiliate of the Marine
Sciernces Research Center, State
University of New York at
Stony Brook

Rudolf S. Scheltema, Associate
Scientist

William E. Schevill, Biological
Oceanographer
nonresidernt
Associate in Zoology, Mitserimn
of Comparative Zoology,
Harvard University

Mary Sears, Scientist Emeritus

JohnJ. Stegeman, Associaie
Scientist

Diane K. Stoecker, Assistant
Scientist

Craig D. Taylor, Associate
Scientist

Ralph M. Vaccaro, Senior
Scientist

Frederica W. Valois, Microbial
Physiologist

John B. Waterbury, Associate
Scientist

William A. Watkins, Bioacoustic
Engineer, Senior Research
Specialist

Stanley W. Watson, Senior
Scientist

Peter H. Wiebe, Associate
Scientist,
Director-Center for Analvsis of
Marine Systems

Carl O. Wirsen, Jr., Marine
Microbiologist

Chemistry
Department

Robert B. Gagosian, Department

Chairman,

Senior Scientist
Michael P. Bacon, Associate

Scientist

Adjunct Associate Professor,

Department of Oceanography,

Old Dominion University
Donald C. Bankston, Analytical

Inorganic Geochemist
Peter G. Brewer, Senior Scientist
John C. Burke, Chemist
Susan A. Casso, Research

Associate
Charles H. Clifford, Research

Associate
Alan C. Davis, Research Associate
Werner G. Deuser, Senior

Scientist
Wayne H. Dickinson, Research

Associate
Ellen M. Druffel, Assistant

Scientist
John W. Farrington, Senior

Scientist,

Director-Coastal Research

Center
Alan P. Fleer, Research Associate
Nelson M. Frew, Analytical Mass

Spectrometrist,

Senior Research Specialist
John M. Hunt, Senior Scientist
William J. Jenkins, Associate

Scientist
Mark D. Kurz, Assistant Scientist
Cindy Lee, Associate Scientist
Hugh D. Livingston, Analytical

Radiochemist,

Senior Research Specialist
Dempsey E. Lott 111, Research

Associate
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Don R. Mann, Research Associate

Zoha J. Mlodzinska-Kijowski,
Research Associate

Michael J. Mottl, Associate
Scientist

Gale E. Nigrelli, Research
Associate

Edward T. Peltzer 111, Research
Associate

Peter L. Sachs, Research Associate

Richard M. Sawdo, Research
Associate

Frederick L. Sayles, Associate
Scientist

David L. Schneider, Research
Associate

Brian W. Schroeder, Research
Associate

Edward R. Sholkovitz, Associate
Scientist

Geoffrey Thompson, Senior
Scientist
Research Associate,
Departiment of Mineral
Sciernces, Smithsonican
Institution

Bruce W. Tripp, Research
Associate

Mary B. True, Research Associate

Stuart G. Wakeham, Associate
Scientist

Jean K. Whelan, Analytical
Organic Geochemist,
Senior Research Specialist

Oliver C. Zafiriou, Associate
Scientist

Geology &
Geophysics
Department

Richard P. von Herzen,
Department Chairman,
Senior Scientist

David G. Aubrey, Associate
Scientist

William A. Berggren, Senior
Scientist
Adjunct Full Professor, Brown
University
Professor, University of
Stockholm

Carl O. Bowin, Senior Scientist

Thomas M. Brocher, Assistant
Scientist

James E. Broda, Research
Associate

Wilfred B. Bryan, Senior Scientist

Elizabeth T. Bunce, Scientist
Emeritus

Bruce H. Corliss, Associate
Scientist

William B. Curry, Assistant
Scientist

+Charles R. Denham, Associate

Scientist

Henry]. B. Dick, Associate
Scientist

Kenneth O. Emery, Scientist
Emeritus

John 1. Ewing, Senior Scientist

+Bilal U. Haq, Associate Scientist

Adjunct Associate Professor
{Doceint), University of
Stockholm

James R. Heirtzler, Senior
Scientist

Susumu Honjo, Senior Scientist

Jeftrev A. Karson, Assistant
Scientist

Lloyd D. Keigwin, Jr., Assistant
Scientist

George P. Lohmann, Associate
Scientist

Steven J. Manganini, Research
Associate

John D. Milliman, Senior
Scientist

G. Michael Purdy, Associate
Scientist

David A. Ross, Senior Scientist,
Sea Grant Coordinator,
Director-Marine Policy and
Ocean Management Program

Edward K. Scheer, Research
Associate

Hans A. Schouten, Associate
Scientist

Loren Shure, Assistant Scientist

Wayne D. Spencer, Research
Associate

Ralph A. Stephen, Associate
Scientist

Brian E. Tucholke, Associate
Scientist
Visiting Senior Research
Associate, Lamont-Doberty
Geological Observatory

Elazar Uchupi, Senior Scientist

Allyn C. Vine, Scientist Emeritus

Warren E. Witzell, Sr.,
Hydroacoustics Engincer

Ocean
Engineering
Department

Robert C. Spindel, Department
Chairman,
Senior Scientist

Yogesh C. Agrawal, Assistant
Scientist

JohnJ. Akens, Research Associate

Robert D. Ballard, Senior
Scientist

Lincoln Baxter 11, Applied
Phvsicist

Henri O. Berteaux, Staff
Engineer

Paul R. Boutin, Ocean Engineer

Albert M. Bradley,
Instrumentation Engineer

Peter R. Clay, Research Associate

Clayton W. Collins, Jr., Research
Associate

Thomas W. Danforth, Research
Associate

Yves J. F. Desaubies, Associate
Scientist

Kenneth W. Doherty, Research
Associate

James A. Doutt, Research
Associate

Paul M. Dragos, Research
Associate

Christopher V. R. Dunn,
Research Associate

George V. Frisk, Associate
Scientist

David H. Gever, Research
Associate

Roger A. Goldsmith, Research
Associate

William D. Grant, Associate
Scientist

Robert C. Groman, VAX Systems
Supervisor

Stewart E. Harris, Electrical
Engineer

Frederick R. Hess, Electronics
Engineer

i
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Mary M. Hunt, Research Associate

Maxine M. Jones, Research
Associate

Richard L. Koehler, Electrical
Engineer

Donald E. Koelsch, Electronics
Engineer

William S. Little, Jr., Manager-
Information Processing Center

John F. Loud, Research Associate

James F. Lynch, Assistant Scientist

Andrew R. Maffei, Research
Associate

William M. Marquet,
Instrumentation Engineer,
Senior Research Specialist,
Manager-Deep Submergence
Engineering Section

Edward C. Mellinger, Research
Associate

Robert W. Morse, Scientist
Emeritus
Visiting Scholar, Scripps
Institution of Oceanography

Richard T. Nowak, Acoustics
Engineer

Kenneth R. Peal, Electronics
Engineer

George H. Power, Computer
Analvst

Kenneth E. Prada, Electronics
Engineer, Senior Research
Specialist, Manager-
Engineering Technologies

Warren J. Sass, Research
Associate

Arnold G. Sharp, Mechanical
Engineer

Cliff Winget and summer employee
Charles O’'Brien work on a HEBBLE
water tunnel in the Coastal Re-
search Laboratory. Left: Loren
Shure.
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Scientific and Technical Staff

Allard T. Spencer, Design
Engineer

John L. Spiesberger, Assistant
Scientist
Visiting Scientist, Massachusetts
Institute of Technology

Jesse H. Stanbrough, Research

Physicist

Eugene A. Terray, Assistant
Scientist

William E. Terry, Jr., Research
Associate

Constantine D. Tollios,
Computer Engineer

Keith von der Hevdr, Research
Associate

Barrie B. Walden, Manager-
Submersible Operations

Robert G. Walden, Electronics
Engineer,
Senior Research Specialist,
Manager-Ocean Structures,
Moorings & Materials Section

Ehud Weinstein, Associate
Scientist
Sernior Lecturer, Departmert of
Electronic Communications,
Control and Computer
Systems, Faculty of
Engineering, Tel Aviv
University

Albert J. Williams 3rd, Associate
Scientist

Valentine P. Wilson, Research
Associate

Clifford L. Winget,
Electromechanical Engineer

Earl M. Young, Research
Associate

Physical Oceanography

Department

Nicholas P. Fofonoff, Department
Chairman, Senior Scientist
Professor of the Practice of
Physical Oceanography,
Harvard University; Associate of
the Center for Earth & Planetary
Physics, Harvard University

Robert C. Beardsley, Senior
Scientist

Alvin L. Bradshaw, Applied
Physicist

Kenneth H. Brink, Assistant
Scientist

Melbourne G. Briscoe, Associate
Scientist

Harry L. Bryden, Associate Scientist

Dean F. Bumpus, Scientist
Emeritus

David C. Chapman, Assistant
Scientist

Robert R. P. Chase, Manager-
Remote Sensing Applications
Program: Project Leader-Buoy
Group

James H. Churchill, Research
Associate

Alfred ). Ciesluk, Research
Associate

Gabriel T. Csanady, Senior
Scientist
Associate, Great Lakes Institute,
University of Toronto

Jerome P. Dean, Electronics
Engineer

Gifford C. Ewing, Scientist
Emeritus

Frederick C. Fuglister, Scientist
Emeritus

+Dale B. Haidvogel, Associate

Scientist
Associate, Division of Applied
Sciences, Harvard University

Nelson G. Hogg, Associate Scientist

Terrence M. Joyce, Associate
Scientist

Thomas Keffer, Assistant Scientist

Richard Limeburner, Research
Associate

Kelly G. Luetkemeyer, Research
Associate

James R. Luyten, Associate Scientist

Michael S. McCartney, Associate
Scientist

James R. McCullough, Instrument
Engineer

Robert E. McDevitt, Research
Associate

William G. Metcalf, Scientist
Emeritus

Robert C. Millard, Jr., Physical
Oceanographer

Gerald ). Needell, Research
Associate

W. Brechner Owens, Associate
Scientist

Richard E. Payne, Research
Associate

Joseph Pedlosky, Senior Scientist,

Henry L. Doherty, Oceanographer

James F. Price, Associate Scientist

Mary E. Raymer, Research Associate

Peter B. Rhines, Senior Scientist

Philip L. Richardson, Associate
Scientist

Karl E. Schleicher, Oceanographic
Engineer

Raymond W. Schmitt, Assistant
Scientist

William J. Schmitz, Jr., Senior

Scientist
#Elizabeth H. Schroeder, Research

Associate

Marve] C. Stalcup, Physical
Oceanographer

Henry M. Stommel, Senior
Scientist

John M. Toole, Assistant Scientist

Richard P. Trask, Research
Associate

George H. Tupper, Research
Associate

James R. Valdes, Research Associate

William S. von Arx, Scientist
Emeritus

Arthur D. Voorhis, Associate
Scientist

Bruce A. Warren, Senior Scientist

Robert A. Weller, Assistant Scientist

John A. Whitehead, Jr., Associate
Scientist

Geoffrey G. Whitney, Jr., Research
Associate

Alfred H. Woodcock,
Oceanographer
nonresident Research Affiliate,
Department of Oceanography,
University of Hawaii

Valentine Worthington, Scientist
Emeritus

Marine Policy &
Ocean Management
David A. Ross, Senior Scientist,

Director-Marine Policy and
Ocean Management

James M. Broadus 111, Policy
Associate

Susan B. Peterson, Policy Associate

Maynard E. Silva, Political Scientist

Postdoctoral
Investigators

David C. Chapman (Physical
Oceanography)

Cabell S. Davis 111 (Biology)

Hein J. W. De Baar (Chemistry)

Anne E. Giblin (Coastal Research
Center)

Richard W. Gregory-Allen
(Physical Oceanography)

Sherwood Hall (Biology)

Bach-lien Hua (Physical
Oceanography)

Chih-An Huh (Chemistry)

Alan V. Klotz (Biology)

Vincent D. Lyne (Physical
Oceanography)

Douglas S. Martinson (Physical
Oceanography)

Peter S. Meyer (Geology &
Geophysics)

Douglas C. Nelson (Biology)

Jennifer E. Purcell (Biology)

Jurg K. Schneider (Chemistry)

+Leave of Absence
#Disability Leave of Absence

Bob Beardsley works on a chart.

Shelley Lauzon
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Full-Time Support Staff

Departmental
Assistants

Biology Department

Valerie A. Barber

L. Susan Brown-Leger
Catherine M. Cetta
Nancy J. Copley

Mary Ann Daher
Linda H. Davis

Gregg R Dietzman
Margaret S. Dimmock
Laura M. Dovle

Diane M. Eskenasy
Diana G. Franks
Charlotte M. Fuller
Ronald W. Gilmer
Dale D. Goehringer
Linda B. Graham-Hare
Bruce A. Keafer
Eileen M. Klopfer
David M. Kulis

Bruce A Lancaster
Dale F. Leavitt

Elaine M. Lynch
Teresa A. Lynch

Mary Jane Lyons

Ann E. Michaels
Stephen J. Molyneaux
Karen E. Moore
Linda Morse-Porteous
Jane M. Peterson
Rosemarie F. Petrecca
James F. Remillard, Jr.
Richard G. van Etten
Deborah H. Wiebe
Bruce R. Woodin
Bonnie L. Woodward

Chemistry
Department

Jane B. Alford

Lary A. Ball

Rebecca A. Belastock
Scot P. Birdwhistell
BarbaraJ. Brockhurst
Christine C. Burton
Elizabeth A. Canuel
Peggy A. Chandler
Lynette B. Clarke
William R. Clarke
Carolyn Cronin
Sheila M. Griffin
Terence R. Hammar
Margaret F. Harvey
Marilyn R. Hess
Danuta Kaminski
Susan P. Keydel
Joaquim B. Livcamento
Peggy A. O'Brien
Joanne G. Olmsted

Brenda L. Olson
Charles A. Olson
Julianne Palmieri
Marcia W. Pratt
Kathleen B. Ravcroft
Edith H. Ross
Deborah K. Shafer
Gabriella Snyder
Margaret M. Sulanowski
Lolita D. Surprenant
Martha E. Tarafa

Geology &
Geophysics
Department

Geoffrey A. Abers
PaulJ. Andrew
Pameld R. Barrows
Stephen T. Bolmer, Jr.
Maureen E. Carragher
Maura Connor

David L. Dubois

Anne S. Edwards
Emily Evans

Pamela V. Foster

C. Eben Franks
Barbara L. Friesz
Virginia A. Fry
Stephen R. Gegg
Ruth A. Gorsky

Leon A. Gove

Robert E. Handy
Marleen H. Jeglinski
Victoria A. Kaharl

Ann Martin

Julie A. Milligan

Ellyn T. Montgomery
Dorinda R. Ostermann
George L. Pelletier
Laurie A. Raymond
Abigail A. Spencer
Nikki C. Tousley
Alice I Tricca
Christine M. Wooding
F. Beecher Wooding

Ocean Engineering
Department

Steven E. Bellerose
Christopher J. Belting
Emile M. Bergeron
Leonard A. Boutin
Sharon L. Callahan
Rodney M. Catanach
Bruce R. Cole
Aganoris Collins
Thomas Crook
Marguerite F. Dace
Stanley R. Deane
Edward A. Denton
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Alan R. Duester
Christopher E. Dunn
Alan W. Eldredge
Kenneth D. Fairhurst
Richard A. Filvo
William F. Freund, Jr.
Paul D. Fucile
Andrea Gabel-Jorgensen
#Nancy R. Galbraith
David J. Goldstein
Allan G. Gordon
Matthew R. Gould
Carlton W. Grant, Jr.
Christine L. Hammond
Denis W. Hanson
Ann C. Henry
Channing N. Hilliard, Jr.
Andrew W. Keene
John N. Kemp
Stephen P. Liberatore
Karl E. Lindstrom
Brian ], Liulefield
Karen D. Littlefield
Robert G. Lowe
Christine M. Lynch
Jane E. Marsh
Gretchen McManamin
George A. Meier
Alfred W. Morton
James B. Newman
Teresa L. Nielsen
Patrick O'Malley
Cynthia H. Pilskaln
Betsey G. Pratt
Ann C. Rams

Margaret Francis

Steve Gegg digitizes an image at IPC.
Bottom: Cindy Lanyon.

Gordon D. Rose
Stanley G. Rosenblad
Catherine O. Scheer
Frederick J. Schuler
Leon W. Schuyler
George D. Stetten
Catherine A. Sweet
Suzanne B. Volkmann
Karlen A. Wannop
Dana S. Wiese
Charles S. Willauer
Susan F. Witzell
Martin C. Woodward

Physical
Oceanography
Department

R. Lorraine Barbour
Karin A. Bohr

Dolores H. Chausse
Jane A. Dunworth



44

Full-Time Support Staff

Carl E. Finkenstadt
Erika A. Francis
Margaret M. Francis
Robert E. Frazel
Barbara Gaffron
Brian J. Guest
Elizabeth D. Guillard
William H. Horn
Maureen A. Kennelly
George P. Knapp 111
Ronald J. Kroll
Cynthia H. Lanyon
Roderigue A. LaRochelle
Ellen Levy

Maryv Ann Lucas
Craig D. Marquette
Theresa K. McKee
Anne Marie Michael
Carol A. Mills
William M. Ostrom
Nancy J. Pennington
Joseph R. Poirier
John B. Reese

Mabel M. Reese
Samuel T. Simkins

R. David Simoneau
Brian Skelly

Ann Spencer
Robert J. Stanley
Susan A. Tarbell
Toshiko T. Turner
Cynthia T. Tynan
Audrey L. Williams
Scott E. Worrilow

A Cleo Zani
Marguerite E. Zemanovic

Marine Policy &
Ocean Management

Ingrid E. Desilvestre
Julie A. Early

Judith Fenwick

Ann R Goodwin
Clayton E. Heaton
Porter Hoagland I11
Rosamund C. Ladner
Ethel F. LeFave

Coastal Research
Center

Elizabeth A. Suwijn

#Disability Leave of Absence

Administrative Staff

Janice ROBatee . ... oo Payroll Administrator
Constance A. Brackett . ................... Assistant Affirmative Action Administrator/Housing Coordinator
Michael B.DOwning ... ... . Assistant Editor, Ocearives
PaulDudlevHart ... ... Development Director
EricH. Frank, Jr. ... ... . i .. Systems & Procedures Manager
Arthur G. Gaines, Jr. .. ... Marine Science Advisor
Ellen M. Gately .. ... o Sea Grant Administrator
Gordon K. Glass ... . Executive AssistanvOcean Engineering
Arthur T.Henderson . ... ... Procurement Manager
Hartley HOSKInS . . .. ... .Coordinator, Ocean Industries Program
Charles S. TNnis, JT.. . oo Executive Assistant to Director/Security Officer
PhilomenaS.Jenney . ... ... .. Development Administrator
SusanKadar. .. ... Executive Assistant/Chemistry
JudithL. Kleindinst .. ... o Executive Assistant/Biology
Shelley MLauzon . ....... i Publications & Information Manager
Virginia A LeFavor. .. ... Financial Analyst/Auditor
Charlene R LEWIS . ... Marine Policy Administrator
JackN.Lindon ......... ... .. ... . ... ... Assistant Personnel Manager (Benefits/Marine Emplovment)
Shirley-AnNELONG . . . . oot Personnel Administrator
Carolyn B. Miller ... ... o Affirmative Action Administrator
DavidJ Miller ... . Assistant Sponsored Programs Administrator
Mozart P.MOniz. .. ..o Assistant Procurement Manager
Theresa G. MONIOE . . ...ttt et e e e e Benefits Administrator
A Llawrence Peirson Il . .. ..o .o Assistant Dean & Registrar
Annel Rabushka....... ... . Public Information Officer
Christine M. Rinaldi. . ...... ... ... . . . . Executive Assistant/Development
R.DavidRudden,Jr. ......... .. ... ... ........... Assistant Controller for General Accounting & Auditing
Paul R Ryan . . . e Editor, Ocearss
CLROYSMIth. . ..o Executive Assistant/Geology & Geophysics
Eloise M. Soderland ...... ... ... ... . Executive Assistant/Physical Oceanography
ErC W SPEICET . . . oo oo Safety Officer
Kelly Mo SQUITES . .« o oottt e e e e Programmer/Analyst
Maurice . Tavares . .......... .. ... . Sponsored Programs Administrator
Harold R VanSiclen,Jr. . ......... .. ... Assistant Controller for Accounting Operations
Gary B.Walker .. .. o Controller
LHoytWatson. ...... ... Executive Assistant/Associates Program
ClaireR Xander ...... ... ... ... .. . .. i i Executive Assistant/Physical Oceanography
Bernard L. ZeNtZ .. .. ..ottt Personnel Manager
g ™
3
&
2
w

Carpenter Chris Kennedy at work.
Right: Diane Eskenasy prepares
samples from the Georges Bank
Sediment and Organism Monitoring
Program.

Shelley Lauzon
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Administrative
Personnel

Abbie Alvin
Julie A. Andrade
Dorothy ]. Berthel
Kendall B. Bohr
Eleanor M. Botelho
LindaJ. Botelho
Phyllis M. Casiles
Margaret M. Costello
Patricia M. DeBoer
Homer R. Delisle
#Cyril L. Fennelly
Catherine H. Ferreira
Steven R. Ferreira
Larry D. Flick
Jeanne A. Fuller
Donna M. Garcia
Patricia A. Garcia
Nancy H. Green
Monika Grinnell
Carolyn S. Hampton
Susan K. Handwork
Merilee M. Harpell
Nancy E. Hazelton
Valerie A. Jonas
Susan F. Knox
#Loretta M. Martin
Roland G. Masse
Joan E. Maxwell
Philip E. McClung
Joanne M. McDonald
Tracey A. McEachern
Elizabeth A. Miller
Cheryl C. Murphy
Laura A. Murphy
Barbara A. Newell
Susan E. Newton
Nancy L. Pena
Doreen M. Perito
#Eugene A. Pineault
Florence T. Pineault
ClaraY. Pires
Nelson R. Pleau
Ruth N. Poppe
Patricia A. Pykosz
Marion J. Sharpe
Pauline M. Shaw
Lisa C. Sherback
Sandra A. Sherlock
Evelyn M. Sprague
Barbara J. Sylvester
Karen E. Taylor
Mildred M. Teal
Virginia C. Tegan
#Patricia A. Thomas
Diane L. Thompson
Wayne R. Vincent
Gordon H. Volkmann
Richard A. Young
Jane P. Zentz

Facilities, Services and Marine Operations Staff

Reuben R BaKer, Jr. . .. oo Master, RV Atlantis I
JOhN P. BiZZOZEXO .\ ot ittt e e Chief Engineer, RV Atlantis I1
EdwardL. Bland, Jr. ... ... ... Research Associate, Alvin Operations
Richard J. BOWeN . . . ..o Master, RN Knowr
RichardS.Chandler....... ... . ... ... ... . .. .. ..., Manager, Shipboard Scientific Support Group
Emest G. Charette . . ... ..o Assistant Facilities Manager
Arthur D. ColbuIm, Jr. .o Boat Operator, Asterias
Don C.Collasius . .. ... Pilot, DSRV Alvin
Vicky Cullen ..o Manager, Graphic Services
Richard H. DImimock ... oo Port Engineer
Robertson P.DInsSmore . .. .ooov oot Consultant for Marine Operations and Planning
JohnD.Donnelly. .. ... o Manager, Marine Operations
William M. Dunkle, Jr . ... . Research Associate, Data Library
Richard S. Edwards .. ... ... . Marine Superintendent
Dudley B. FOSIET .. oot pilot, DSRV Alvin
James E. Hardiman ... ... e Pilot, DSRV Aluin
Emerson H. Hiller . . ... Master, RN Knorr
Ralph M. Hollis ... ... Chief Pilot, DSRV Alin
Paul C. Howland . ... ... ... Master, RN Ocectrus
David G. Landry . .. ... o Master, RV Lutlu
Jonathan Leiby . .. ... : Naval Architect
Barbara . Martineau ............. Executive Assistant/Facilities, Services and Marine Operations Department
Jack W.McCarthy . .. ... . Chief Engineer, RN Ly
William E.McKeon . ... Assistant Facilities Manager
#FPaulR Mercado. .. ... Chief Engineer, RV Ocearnus
James RO Mitchell ... oo Facilities Manager
Donald A Moller . ... Marine Operations Coordinator
Terrence M. RIOUX . ..o Diving Supervisor
EmilloSOtO . ..o Chief Engineer, RN Knorr
Barrie A Walden . ... Manager, Submersible Program
Ermnest C.Wegman . ... ... .. Chief Engineer, RV Ocearuss

Carolyn P.WYNN ..o

Facilities Personnel

Edward F. Acton
William R. Askew
Nadine N. Athearn
Ernest E. Baker
Charles M. Baldic
Thomas A. Bouche
Richard W. Bowman
John R. Bracebridge
Frederick A. Brauneis
Richard J. Breivogel
Edward]. Burke, Jr.
Frank Cabral, Jr.

Paul Canale

John P. Clement
Charles Clemishaw
James E. Coddington

#Arthur Costa

Arthur Costa

Teresa A. Coughlin
Ronald C. Craft
Gordon E. Crandall, Jr.
Donald A. Croft
William B. Cruwys
David G. Daniels
Michele A. Delisle
Pearl R. DeMello

Richard A. Dionne
Daniel B. Dwver
Grace R. Fernandes
Anthony Ferreira
Linda B. Ferreira
Michael J. Field
Michael E. Fournier
Curtis Gandy I11
Hiram P. Haskell
John A. Keizer

Fred W. Keller

Christopher ¥. Kennedy

Linda K. Kingsley
Donald F. LeBlanc
John A Lomba

David R McDonald
Anthony G. Mendousa
Anson P. Moore
John R Murphy, Jr.
William J. Murphy
Francis H. Nichols, Jr.
Robin L. Oliver
Charles E. Pacheco
Daniel L. Pacheco, Jr.
Charles J. Peters, Jr.
Arthur Peterson
Edward J. Phares
Thomas D. Rennie

John E. Rice

John P. Romiza
Lewis J. Saffron
Judith M. Silva
Thomas H. Smart
Joseph Souza
Edward N. Stutz
James P. Sullivan
Harrison L. Summerville
William R. Tavares, Jr.
Peter F. Taylor
Robert C. Thornton
Barbara M. Vallesio
Robert G. Weeks
John C. Williams
Ronald E. Woods
Carleton F. Young

Research Librarian
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Full-Time Support Staff

Library
Personnel

Lois C. Burgess
Elizabeth R. Fye
Catherine M. Herrity
Joan B. Hulburt
Colleen D. Hurter
Marie E. McCann
John Porteous
Laurel E. Swain
Grace M. Witzell

Services
Personnel

Norman E. Anderson
Janice M. Baker
Frederick V. Brown
Bernard J. Cassidy
James P. Corr
Bernard C. Crampton
John A. Crobar
Judith O. Cushman
David L. Fish, Jr.
#James E. Gifford
Robert J. Hindley
Howard A. Holland
Mary Jane Januszkiewicz
Percy L. Kennedy, Sr.
Samuel J. Lomba
Jay R Murphy
Kathleen A. Ponti
Eben A Sage
Albert Santiago, Sr.
Roland R. Simmons
Robert Wichterman

Graphic Services
Personnel

Donna S. Carson
John E. Cook

Ruth H. Davis
Catherine A. Ferreira
David L. Gray
Frederick R. Heide
Mark V. Hickey
Robert F. Kelley
Thomas N. Kleindinst
William N. Lange
Stefan E. Masse
Frank Medeiros
Joseph F. Moua
Nancy Murphy
Charles G. Steacy

Food Services
Personnel
Audrey C. Nelson

Sheila T. Payne
Patricia E. Thompson

Left: Lois Burgess. Top middle: Pearl DeMello. Top right: Rick Young.

Bottom: Jim Hardiman.

Shelley Lauzon

Marine
Operations

Steven W. Allsopp
John J. Antonangeli, Jr.
William J. Baldic
Robert W. Barton
Gunter H. Bauerlein
Frederick W. Berthel III
Vincent Bowen
Edward H. Chute
Robert J. Corey

Kirie E. Elliott

Dana M. Filipetti
Peter M. Finnegan
Carole R. Merson
Martin H. Morse
Stephen G. Page
Douglas L. Shores
Jon S. Stivers

Gary J. Witty

Alvin Operations

James F. Aguiar, Jr.
Jonathan Borden
Denzel E. Gleason
James E. Hardiman
#Bernard E. Kilbreth
Roger H. Maloof
David I. Olmsted
David M. Sanders
William J. Sellers
Margaret P. Stern
Wayne Sylvia

Shelley Lauzon

Marine
Personnel

Wayne A. Bailey
Robert W. Baker
Mitchell G. Barros
Stephen S. Bates
Kenneth E. Bazner
Stephen M. Bean
+Lawrence T. Bearse
Thomas E. Benedict
John N. Bouthillette
Richard J. Bowen
Edward R. Brodrick
David F. Casiles
Gary B. Chiljean
Harry F. Clinton
Arthur D. Colburn I1I
John F. Connell Jr.
Lawrence P. Costello
Jerome M. Cotter
Stephen W. Cotter
Glenn L. Cox
Craig D. Dickson
Stephen C. Drake
+Roger J. Dube
Leon J. Fitzgerald
Peter M. Flaherty
Gilberto R. Garcia
John M. Gassert
William A. Gillard, Jr.
Patricia A. Grace
Edward F. Graham, Jr.
Joseph A Guza;
David L. Hayden

Shelley Lauzon

Alfred C. Henser

Henry P. Hirschel
Roger W. Hunt
John S. Hurder
Albert C. Jefferson
Charles G. Jones
John P. Kamataris
J. Kevin Kay
John T. Lobo
John B. MacDonald
Tomas M. A. Macedo
Mark T. Maloof
Robert P. Martin
David H. Megathlin
Mark F. Miller
Richard F. Morris
Michael P. Nolin
Harry E. Oakes
Conrad H. Ocampo
Peter P. O'Reilly
Michael Palmiert, Jr.
#George E. Pierce
#Samuel F. Pierce
Joseph Ribeiro
#Harry Rougas
Richard F. Simpkin
Ernest G. Smith, Jr.
+ Harry H. Stanton
John K. Sweet, Jr.
+ William L. Sylvia, Jr.
Phyllis J. Thoreson
*Frank D. Tibbetts
Herman Wagner
Joseph Warecki
+ Charles W. White

#Disability Leave of Absence

+Leave of Absence
“Deceased 13 February 1983



Fellows, Students, & Visitors

MIT/WHOI
Joint Graduate
Program
1983-1984

Yehuda Agnon
Hebrew University, Israel
Elizabeth V. Armbrust
Stanford Uniiversity
Vernon L. Asper
Messiabh College
University of Hawaii
+ Colin W. Baker
Oberlin College
Urniversity of Michigan
John A Barth
University of Colorado
Livia M. Benavides
Trinity College
SaraL. Bennett
Colorado State University
Gaboury Benoit
Yale Uniiversity
Patricia M. Biesiot
Bowling Green State
University
Brian jJ. Binder
Massachusetts Institute of
Technology
Donna K. Blackman
University of California, Santa
Cruz
Martin B, Blumenthal
Princeton University
Philip S. Bogden
Harvard University
Barbara V. Braatz
Smith College
Esther C. Brady
University of Massachusetts,
Amberst
Ellen D. Brown
Princeton University
Bruce J. Brownawell
DePauil University
Michael S. Bruno
New Jersey Institute of
Technology
University of California,
Berkeley
Kenneth O. Buesseler
University of California, San
Diego
David A. Caron
Urniiversity of Rbode Island
Josko A. Catipovic
Massachusetts [nstitute of
Technology

+Leave of absence

Paola Cessi
University of Bologna, Italy
Emily H. Childs
Humboldt State University
Ching-Sang Chiu
Northeastern University
Ka Hou Chu
University of California,
Berkeley
Jeremy S. Collie
University of York, United
Kingdom
John A Collins
University College, Cork,
Utited Kingdom
University College of North
Wales, United Kingdom
HeinJ. W. De Baar
Delft Uriversity of Technology,
The Netherlands
Carol E. Diebel
Humboldt State University
Martin E. Dougherty
Winona State University
University of Washington
Mavis L. Driscoll
Unidversity of Califorriic,
Berkeley
CynthiaJ. Ebinger
Dutke University
Joyce M. Federiuk
University of California,
Berkeley
Edwin L. Ferguson, Jr.
Massachusetts Institute of
Technology
Karen M. Fischer
Yale University
Ichiru Fukumori
University of Tokyo
Paula C. Garfield
Mt. Holyoke College
University of Delaware
+ Glen G. Gawarkiewicz
Massachusetts Institute of
Technology
Margaret R. Goud
Stenford Uriiversity

Shelley Lauzon

Sheliey Lauzon

David W. Graham
Florida Mstitute of
Technology
University of Rhode Island
Melinda M. Hall
Dutke University
Chervl A. Hannan
San Jose State University
Bernward J. Hay
George August University,
West Gerneiny
Cornell University
Janet G. Hering
Cornell University
Harvard University
Joshua K. Hovt
Massachusetts Institute of
Technology
Rui Xin Huang
University of Science &
Technology of China,
Peoples’ Republic of China
Dean M. Jacobson
Occiderntal College
John P. Jasper
University of Chicago
John P. Jemsek
University of Notre Dame
Harrv L. Jenter, 11
University of Michigan
Michael A Kaminski
Rutgers University
Jagielloniian University,
Poland
Hiroshi Kawahara
Humboldt State College

Kelly L. Kenison
Reed College
Maureen A. Kennelly
Stockiton State College
Pamela J. Kloepper-Sams
University of California, Irvine
Melissa M. Lakich
Harvard University
Hsueh-tze Lee
Tufts University
Sarah A Little
Stanford University
Stephen E. Lohrenz
University of Oregon
William R. Martin
Brouwn University
University of Washington
Anne E. McElroy
Broum University
Ann P. McNichol
Trinity College
Stephen P. Meacham
Queens College, University of
Cambridge, United Kingdom
Andre A. Merab
Massachusetts Institute of
Technology
Richard S. Mercier
University of Waterloo,
Canada
James H. Miller
Worcester Polytechnic hastitute
Stanford University

Left: Summer Student Fellow Carol
Arnosti. Below: Joint Program stu-
dent Hein DeBaar.
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Fellows, Students, & Visitors

Boris Moro
University of Zagreb,
Yugoslavia
State University of Neu York,
Stony Brook
Mark H. Murray
Massachusette Institute of
Technology
Haim Nelken
Hebrew University, Israel
Stephanie L. Pfirman
Colgate University
Robert S. Pickart
Susquebanna University
JohnJ. Polcari
United States Naval Academy
Rui V. Ponte
University of Rbode Island
Subramaniam D. Rajan
College of Engineering, India
Adam D. Richman
University of California, San
Diego
James B. Riley
Yale University
Stephen R. Rintoul
Harvard University
Elizabeth M. Robinson
Reed College
Leslie K. Rosenfeld
Uniiversity of Washington
Lawrence P. Sanford
Broun University
Glenn C. Sasaki
University of California,
Berkeley
Jill V. Scharold
Michigan Technological
University
Peter N. Schweitzer
University of Maryland
University of Kansas
Glen T. Shen
Massachusetts Inistitute of
Technology
Robert M. Sherrell
Oberlin College
Richard P. Signell
University of Michigan
Wendy M. Smith
Rensselaer Polytechnic
Institute
Elizabeth A. Snowberger
Washington University
Kevin G. Speer
Uniiversity of California, Santa
Barbara
Paul E. Speer
Williams College

Arthur J. Spivack
Massachusetts Institute of
Technology
Peter J. Stein
Massachusetts Institute of
Technology
W. Kenneth Stewart
Florida Atlantic University
Cape Fear Technical Institute
Lucia Susani
Broun University
Stephen A. Swift
Dartmouth College
Oregon State University
Fredrik T. Thwaites
Massachusetts Institute of
Technology
Douglas R. Toomey
Pennisylvania State University
Thomas W. Trull
Urniversity of Michigan
Eli Tziperman
Hebrew University, Israel
Lisa A. Urry
Tufts Uniiversity
Daniel Vaulot
Ecole Polytechnique, France
Ecole National du Genie
Rural des Eaux et des Forets,
France
M. Ross Vennell
University of Auckland, New
Zealand
Karen L. Von Damm
Yale University
Sophie Wacongne
University of Pierve and Mavrie
Curie, France
Elizabeth B. Welsh
College of William and Mary
Michael S. Wengrovitz
Southern Methodist University
University of Virginia
John L. Wilkin
University of Auckland, New
Zealand
Joanne M. Willey
University of Pennisylvania
University of Pennisyluania,
School of Nursing
Tamara M. Wood
Uniion: College

Postdoctoral
Scholars
1983-1984

Randall E. Hicks
University of Georgia

Shelley Lauzon

Minority Trainee Priscilla Huang.

Glenn A. Jones
Columbia University (LDGO)

Kathrvn A. Kelly
Scripps Institution of
Oceanography
William M. Kier
Dutke University
David L. Musgrave
University of Alaska

Peter R. Shaw
Scripps histitution of
Oceanography

Craig R. Smith
Scripps Institution of
Oceanography

Nancy G. Wolf
Cornell University

Marine Policy
and Ocean
Management
Research Fellows
1983-1984

Conner L. Bailev, Jr.
Cornell University

Robert E. Bowen
University of Southern
California

James M. Broadus, 111
Yale Unitversity
*Biliana Cicin-Sain

University of California, Los
Angeles

Nathaniel B. Frazer
University of Georgia
*John K. Gamble, Jr.
University of Washington
*Michael C. Healey

University of Aberdeen,
Canada

*Timothy M. Hennessey
Uniiversity of Rbode Island

*Robert W. Knecht
Uriiversity of Rbode Island

William L. Lahey
Unipersity of Wisconsin Law
School
Mark Meo
University of California, Davis
*Linda B. Miller
Columbia University

M.J. Peterson
Columbia University

Ivon D. Pires-Filho
University of Virginia School
of Law
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Kurt M. Shusterich
University of California, Santa
Barbara

Maynard E. Silva
Unipersity of California, Santa
Barbara

William E. Westermeyer
University of Southern
California

*Senior Fellow

Summer
Student
Fellows

Carol Arnosti
Lawrence University

Pamela S. Bohrer
Pacific Lutheran College

Mark D. Borges
University of California, Davis
Michael G. Burton
Cambridge University, United
Kingdom
Michael Chajes
University of Massachusetts,
Amberst

Hugh H. Deutsch
Cornell University

Cherise A. Holtz
Bryn Mawr College

Andrew M. Kenefick
Yale University

Richard R. Koch
Swarthmore College

Marion T. Rasmussen
Connecticut College

Leslie A. Reynolds
University of South Carolina

Robert M. Ross

Case Western University
Daniel K. Schwartz

Harvard University
Patrvk W. Silver

Vassar College

Kathryn L. Van Alstyne
University of Rbode Island

Jennifer L. Watts
Urniversity of California, Santa
Barbara

Daniel E. Weeks
Colby College

William H. White
Bowdoin College

Margaret A. Wilkins
Bates College

Minority
Trainees in
Oceanography

Vincent E. Bowen
Harvard University

Priscilla]. Huang
Massachusetts Institute of
Technology

Cynthia E. McCloud
Spelmar: College

Visiting Scholars

Kenneth J. Hsu
Swiss Federal Institute of
Technology

Owen M. Phillips
Jobns Hopkins University

Joris M. Geiskes
Scripps Institution of
Oceanography

Willard S. Moore
University of North Carolina

Richard Salmon
Scripps Institution of
Oceanography
Philip C. England
Harvard University
Pierre Welander
University of Washington

Paul G. Richards
Lamont Doberty Geological
Observatory

Peter A. Jumars

University of Washington
Geophysical
Fluid Dynamics
Summer Seminar

Fellows:

Charles N. Cortield
Coliumbia University
Pierre J. Flament

Scripps Institution of
Oceanography

EricL. Kunze

University of Washington
Sanjiva K. Lele

Cornell University

Mathieu Mory
Institut de Mechanigue de
Grenoble, France

Hiroshi Niino
Japan Meteorological Agency,
Japan

Narhan Paldor
Weizmann Institute of
Scienice, Israel

Roger M. Samelson
Oregon State University

Gretar Tryggvason
Broun University

Sergey L. Voropaev
Academy of Science Institute
of Oceanology, USSR

Andrey G. Zatsepin
Academy of Science Institute
of Oceanology, USSR

Staff Members
& Lecturers:

Hassan Aref
Broumn University

Laurence D. Armi
Scripps Institution of
Oceanography

Lee S. Branscome
University of Miami

Francis P. Bretherton
National Center for
Atmospheric Research

Otis Brown
Rosenstiel School of Marine
Sciernce

Benoit R. Cushman-Roisin
Florida State University

Phillip G. Drazin
Bristol University, United
Kingdom

Glenn R. Flierl
Massachusetts Inistitute of
Technology

Christopher J. R. Garrett
Dalbousie University, Canada

Arnold L. Gordon
Columbia University (LDGO)

Ross W. Griffiths
Australian National University

Louis N. Howard
Florida State University

Roger L. Hughes
Yale University

Andrew P. Ingersoll
Califorria Institute of
Technology

Terrence M. Joyce
Woods Hole Oceanographic
Institution

Peter D. Killworth
Cambridge University, Urnited
Kingdom

Willem V. R. Malkus
Massachusetts Institute of
Technology

Seelye Martin
University of Washington

Tony Maxworthy
University of Southern
California

Stephen P. Meacham
Woods Hole Ocearographic
Institution

Donald B. Olson
Rosenstiel School of Marine
Science

Thomas Osborne
Naval Post Graduate School

Joseph Pedlosky
Woods Hole Oceanographic
Institution

Claes G. H. Rooth
Rosenstiel School of Marine
Science

H. Thomas Rossby
University of Rbode Island

Barry Ruddick
Dalhousie University, Candda

Edward A. Spiegel
Columbia University

Melvin E. Stern
Uriversity of Rbode Island

George Veronis
Yale University

D. Randolph Watts
University of Rbode Island

John A Whitehead
Woods Hole Oceanographic
Institution

William R. Young
Scripps Institution of
Oceanography
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Fellows, Students, & Visitors

Visiting
Investigators

Sarah D. Allen
Marine Biological Laboratory,
Woods Hole
Marie-Pierre Aubry-Berggren
National Center of Scientific
Research, Paris
Donald W. Bourne
Marine Biological Laboratory,
Woods Hole
James W. Curlin
Office of Technology
Assessinent, Washington, D.C.
Meir Feder
Tel Aviv University, Israel
Charles N. Flagg
EGEG, Waltham
Scott M. Glenn
Ocean Engineering
Department, Woods Hole
Oceanographic Institution
Jean M. Hartman
Uriversity of Connecticuit
David A. Johnson
Geology and Geophysics
Department, Woods Hole
Oceanographic Institution
Emory K. Kristof
National Geographbic Society
William L. Lahey
Massachusetts Coastal Zone
Management Office
Susan H. Lohmann
Sea Education Association
Paul C. Mangelsdorf, Jr.
Swarthmore College
Ian N. McCave
University of East Anglia,
United Kingdom
Douglas R. Moor
Ocean Engineering
Department, Woods Hole
Oceanographbic Institution
Bryce Prindle
Babson College
Robert J. Quinn
Harvard School of Public
Heaith
Kondagunta Sivraprasad
University of New Hampshire
Dana R. Yoerger
Massachusetts Institute of
Technology

Guest
Investigators

ClaudeJ. Allegre
Uriiversité de Paris, 7, Paris,
France

Arthur B. Baggeroer
Massachusetts Institute of
Technology

R. D. Baker
Submarine Development
Group, San Diego
Shimshon Belkin
Hebrew University, Jerusalem
Juan Blanco
Spanish [nstitute of
Oceanography, La Coruna
Paul D. Boehm
Energy Resources Company,
Cambridge
Charles W. Boylen
Rensselaer Polytechnic
Institute
Ann Bucklin
The Laboratory, Citadel Hill,
Plymouth, England
Bradford Butman
U. S. Geological Survey,
Woods Hole
Lawrence B. Cahoon
University of North Carolina
at Wilmington
Thomas R. Capo
Marine Biological Laboratory,
Center for Neurobiology &
Bebauvior, Woods Hole
James T. Carlton
Mystic Seaport Museun,
Connecticit
Sallie W. Chisholm
Massachusetts Institute of
Technology
Donna R. Christie
Florida State University
Jonathan J. Cole
Geology and Geophysics
Department, Woods Hole
Oceanographic Institution
Curtis Allan Collins
National Science Foundation
Neal Cornell
National Institute on Alcobol
Abuse and Alcobolism,
Rockville, Maryland
Kemin Dao
Institute of Oceanology,
Tsingtao, People’s Republic of
China
Bruno Della Vedova
Trieste University, Italy
Arthur B. DuBois
Jobn B. Pierce Foundation
Laboratory, New Haven
David A. Egloff
Oberlin College
Eduardo A. Espinosa
Boston College
Myron B. Fiering
Harvard University
Richard B. Frankel
Massachusetts Institute of
Technology
Peter Franks
Dalbousie University

Liang Gao
Institute of Oceanography,
Qingdao, People’s Republic of
China
Anne Giblin
Marine Biological Laboratory,
Woods Hole
Daniel G. Gibson 111
University of Texas, Galveston
Jane Gibson
Cornell University
Quentin H. Gibson
Cornell Uniiversity
Graham S. Giese
Provincetown Center for
Coastal Studies
Richard M. Goody
Harvard University
Marvin Grosslein
National Marine Fisheries
Service, Woods Hole
Kazuchika Hamuro
Ministry of Foreign Affairs,
Japan
George F. Heimerdinger
Environmental Data Service,
NOAA
Harold Hemond
Massachusetts Institute of
Technology
Eric Henderson
DAFS Marine Laboratory,
Aberdeen, Scotland
Manfred G. Hofle
Limnology Institute of the
Uniiversity of Konstariz, West
Germany
Robert Howarth
Marine Biological Laboratory,
Ecosystems Center, Woods Hole
Stefan U. Hulberg
Uniiversity of Stockholm
Anwarul Hug
International Center for
Diarvhoreal Disease Research,
Dbaka, Bangladesh
Ruth E. Keenan
Science Applications, Inc.,
Mclean, Virginia
Karen Kimball
Massachusetts Institute of
Technology
J. Patrice Klein
Zoological Station,
Villefranche-sur-Mer, France
Elroy O. LaCasce, Jr.
Bowdoin College
Richard H. Lambertsen
College of Veterinary
Medicine, Untiversity of
Flovida, Gainesville
Hans-Ulrich Lass
Institute of Marine Research,
Warnemunde, German
Democratic Republic

Martin W. Lawrence
Royal Australian Navy
Research Laboratory, Sydney

David B. Lazarus
Lamont-Doberty Geological
Observatory

Bernard LeCann
Laboratorie d' Oceanographie
Physique, Université de
Bretagne Occidentale, Brest,
France

Brad K. Linsley
University of South Carolina,
Columbia

Peter Loud
State University of New York,
Storny Brook

Rolf G. Lueck
Naval Postgraduate School,
Monterey

Ole S. Madsen
Massachusetts Institute of
Technology

Mankin Mak
University of lllinois, Urbana

Jacques-Andre Malod
Université Pierve et Marie
Curie, Paris, France

Carlos A. Moros-Manrique
Colombian Oceanographic
Commission, Bogota

Alan McGugan
University of Calgary, Alberta

Robert H. Michener
State University of New York,
Stony Brook

Douglas R. Mook
Massachusetts Institute of
Technology

Amparo Ramos Mora
Colombian Oceanographic
Compmission, Bogota

Walter Munk
Scripps Institution of
Oceanography

Douglas C. Nelson
Biology Department, Woods
Hole Oceanographic
Institution

A. Conrad Neumann
University of Novth Carolina
at Chapel Hill

Arthur R M. Nowell
University of Washington,
Seattle

Frederick Olmsted
Biology Department, Woods
Hole Oceanographic
Institution

Kathleen O’Neill
National Center for
Atmospheric Research,
Boulder
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Alan Oppenheim
Massachusetts Institute of
Technology

Carlos G. Robayo Osorio
Colombian Oceanographic
Commuission, Bogota

Henry Parker
Southeastern Massachusetts
Uniiversity

Barry Parsons
Massachusetts Institute of
Technology

Judith Pederson
University of Massachusetts,
Boston

Mireille Polve
Université de Paris, VI, Paris,
France

Caroline B. Purdy
Uriversity of Maryland,
College Park

Robert D. Prusch
Gonzaga University, Spokare

Jean Pierre Rehault
Université Pierre et Marie
Curie, VI, Paris

John H. Ryther
Harbor Branch Institution,

Ft. Pierce

Tomomasa Sato
Electrotechnical Laboratory,
Ibaraki, Japan

Amelie Schelterna
Biology Department, Woods
Hole Oceanographic
Institution

Detmar Schnitker
University of Maine at Orono

Mary . Scranton
State University of New York,
Storny Brook

Gerold Siedler
Kiel University, West Germany

Michael Sissenwine
National Marine Fisheries
Service, Woods Hole

Sean Solomon
Massachusetts Institute of
Techniology

Rafael Steer
Colombian Advisory
Commiittee, Bogota

Keith D. Stolzenbach
Massachusetts Instivtute of
Technology

Wilton Sturges 111
Florida State University,
Tallabassee

Ruth D. Turner
Harvard University

Peter Tyack
Department of Biology,
Woods Hole Oceanographic
Institution

Andrew H. Ursch
Bridgewater State College
Mathijs Van Gool
University of Amsterdam
T.CE. van Weering
Netherlands Institute for Sea
Research, Texel
Thomas Vetter
Submarine Developmert
Group, San Diego
Tore O. Vorren
Unidversity of Tromso, Norway:
John Walsh
Brookhaven National
Laboratories
Terry Whitledge
Brookbaven National
Laboratories
George A Wilkins
Naval Ocean Systems Center,
Kailua, Hawaii
Clinton D. Winant
Scripps Institution of
Oceanography
Joseph Wroblewski
Dalbousie University
Baoren Wu
Shandong College of
Oceanology, People’s Republic
of China
Dana Yoerger
Massachusetts Institute of
Technology

Guest Students

Paul J. Andrew
University of New Hampshire
Wafik B. Beyduon
Massachusetts Institute of
Technology
Vincent E. Bowen
Harvard University
Deborah A. Carlton
University of California, Davis
Colleen M. Cavanaugh
Harvard University
Richard Chiu
Woodlands High School
Robert W. Cooper
Framingham State College
Cynthia Crowdis
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Voyage Statistics

R/V Atlantis l

Voyage Cruise Period Principal Objectives, Area of Operations Ports of Call Chief Scientist
111 22 Jun-22 Jun To shipyard Boston
111 10 Sep-10 Sep From shipyard Woods Hole

RV Adlanitis IT remained at the pier in Woods Hole for the year undergoing maintenance and upgrading as part of the mid-life refit and overhaul
begun in 1981 and for conversion for DSRV Al operations. Conversion included installation of a 39-foot hydraulic A-frame for an over-the-stern
submersible handling system, a hangar on the fantail for Afti#, a new bow thruster for increased maneuverability, and transducers for the multi-beam
echo sounding system Sea Beam.

Total Nautical Miles for 1983 ~ 34,991 miles
R/ V KnOI' r Totd Days at Sea— 255 days
Vovage Cruise Period Principal Objective, Area of Operations Ports of Call Chief Scientist
(Destination)
99-IV 29 Dec-24 Jan Investigation of circulation and mixing processes in the  Dakar, Senegal Rooth (Miami)
tropical and equatorial Atlantic for the Tropical Atlantic
Study
99V 30 Jan-18 Feb Continuation of the Tropical Adantic Study Recife, Brazil Takahashi (LDGO)
99-VI 21 Feb-28 Feb Chemical studies of the seasonal changes in Bridgetown, Deuser
sedimentation rates and composition in the western Barbados
North Adantic
99-VI 1 Mar-12 Mar Transit Woods Hole
100 15 Mar-16 Mar To shipvard Jersey City, New Jersey
7 Apr-8 Apr From shipyard Woods Hole
101 15 Apr-25 Apr Geological and ocean engineering studies at the High Woods Hole Hollister

Energy Benthic Boundary Layer Experiment (HEBBLE)
site to characterize the effects of the Western Boundary
Undercurrent on the Nova Scotian Continental Rise

102 30 Apr-31 May Geophysical studies on the Bermuda Rise to define the Woods Hole Von Herzen
heat flow anomaly associated with the Rise

103 5Jun-18 Jun Continuation of geological and ocean engineering Woods Hole Hollister
studies at the HEBBLE site

104-1 15 Jul-2 Aug Hydrographic studies of the northwestern North Atlantic  Ponta Delgada, Raymer

Azores

104-11 6 Aug-26 Aug Continuation of hydrographic studies of the central Recife, Brazil McCartney
North Atlantic

104-111 2 Sep-30 Sep Studies of the dynamic response of the upper equatorial ~ Abidjan, Katz (LDGO)
Atlantic to seasonally varying surface winds for the Ivory Coast
SEQUAL program

104-1V 7 Oct-6 Nov Hydrographic stations and data collection on the Cape Town, Reid (SIO)
general circulation of the South Atlantic and Southern South Africa
Oceans

104V 13 Nov-12 Dec Studies of the stratification and circulation of the Cape Town, Gordon (LDGO)
Agulhas Current south of Africa South Africa

Left: Knorr joins
Oceanus at the pier.
Right: Christmas lights
on Atlantis II.

Shelley Lauzon

Shelley Lauzon
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Shelley Lauzon

Shelley Lauzon

Above: Atlantis II in summer drydock for install-
ation of a new bow thruster, Sea Beam trans-
ducers and routine hull maintenance. The
observation chamber is visible on the bow. Top
right: Lulu returns to port in August to complete
her last voyage with Alvin. Bottom right: Knorr
at the pier between voyages.

Total Nautical Miles for 1983 — 2,342 miles
Total Days at Sea— 37 days

DSRYV Alvin and R/V Lulu Total Dives - 28

Voyage Cruise Period Principal Objectives, Area of Operations Ports of Call Chief Scientist
(Destiriction)
115 27 Jun-1Jul Three dives for submersible and pilot certification at Woods Hole Hollis
Deep Ocean Stations #1 and #2 and oft Gay Head
116 S Jul-9 Jul Two dives on Georges Bank and the Continental Slope Woods Hole Hollis
for equipment tests and training
117 12 Jul-21 Jul Six dives for biological studies of benthic communities Woods Hole Grassle
at Deep Ocean Station #2
118 24 Jul-28 Jul Three dives on the Continenal Slope south of Martha’s Woods Hole Wishner (URI)

Vineyard for biological studics
119 2 Aug-12 Aug Six dives for ocean engineering studies on the Woods Hole Williams (KAPL)
Continental Slope east of Boston
120 17 Aug-17 Aug One dive off Gay Head for equipment tests and training ~ Woods Hole Walden
DSRV Alvinz spent the first five and one-half months of 1983 undergoing annual maintenance and repair as well as conversion for the new handling
system on R/V Atlantis I1. The sub’s titanium frame was modified and additional buoyancy added to meet the requirements of the new handling
system. Alvin was transferred to Atlantis II 18 November; RV Lu/u remained at the pier at year’s end awaiting word from the U.S. Navy as to her
future use.
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Voyage Statistics

R/V Oceanus

Voyage

1331

133-11

133111

133-111

133-1v
133-v

133-V1

134

135

1361

136-11

137
138

139

140

141-1

141-11
142

1431

143-11

Crutise Period
10Jan-17 Jan
19 Jan-30 Jan
3 Feb-12 Feb
17 Feb-5 Mar

10 Mar-2 Apr
10 Apr-24 Apr

27 Apr-20 May

14 Jun-12 Jul

28 Jul-6 Aug

12 Aug-25 Aug

29 Aug-9 Sep

13 Sep-13 Sep
16 Sep-20 Sep

26 Sep-S Oct

17 Oct-24 Oct

28 Oct-4 Nov

5 Nov-9 Nov
11 Nov-19 Nov

S Dec-9 Dec

10 Dec-14 Dec

Principal Objectives, Area of Operations

Recovery of a subsurface mooring and three
transponders off the Florida coast

CTD transect of the Western Basin of the North Atlantic
from east of Barbados to the Mid-Arlantic Ridge

CTD transect of the South Atlantic

Continuation of CTD transect for studies in the central
South Atlantic

Continuation of CTD transect of the South Atlantic

Survey of the Brazil Current with combined XBT and
Pegasus Profiler stations

North-south hydrographic section along the 52°W
meridien in the western North Arlantic from 6°N to the
Grand Banks of Newfoundiand

Hydrographic stations to investigate the subthermocline
circulation in the western North Atlantic

Deployment of three subsurface moorings and
associated transponders for an acoustic tomography
experiment, recovery of a subsurface mooring at the
Long Term Upper Ocean Study (LOTUS) site at 34°N,
70°%

Diving, mid-water trawling, plankton net tows and
hydrocasts to assess feeding behavior and energetics of
planktonic gelatinous zooplankton

Coring and sample collection for microbial studies on
the eastern Grand Banks and Carson Canyon area

America’s Cup Race in Rhode Island Sound

Geological and ocean engineering studies at the
HEBBLE site on the Nova Scotian Continental Rise

Recovery of three subsurface moorings and associated
transponders deployed on Voyage #135

Recovery and deployment of subsurface moorings,
tripods, and surface buoys on the Continental Shelf and
Slope south of Georges Bank

Recovery and deployment of two moorings at 34°N,
70°W for the LOTUS program, recovery of mooring near
the Gulf Stream, CTD and XBT stations

Recovery of a sediment trap mooring south of Bermuda

Collection of sediment and biological samples for the
Georges Bank Sediment and Organism Monitoring
Program

Testing traction winch system in the western North
Atlantic

Recovery of a subsurface mooring 200 miles south of
Bermuda

Total Nautical Miles for 1983 — 38,346 miles

Total Days at Sea — 230 days

Ports of Call
(Destination)

Bridgetown,
Barbados

Recife, Brazil
Rio de Janeiro,
Brazil

Walvis Bay,
Southwest Africa
Recife, Brazil
Recife, Brazil

Woods Hole

Woods Hole

Woods Hole

St. John's,
Newfoundland

Woods Hole

Woods Hole
Woods Hole

Woods Hole

Woods Hole

St. George's,
Bermuda

Woods Hole
Woods Hole

St. George’s,
Bermuda

Woods Hole

Chief Scieniist
Boutin
McCartney
Raymer
Raymer

Warren
Evans (URI)

McCartney

Hogg

Spindel

Madin

Jannasch

Hollister
Spindel

Butman (USGS)

Briscoe

Clay

Petrecca

Marquet

Spindel
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In Memoriam

Alfred C. Redfield
1890-1983

Alfred C. Redfield, one of the first to be appointed to the scien-
tific staff when the Institution was founded in 1930 and an inspi-
rational leader for five decades, passed away 17 March 1983 at
age 92. A major figure in marine science and mentor to genera-
tions of biologists and physical oceanographers, Dr. Redfield
was a naturalist who considered the ocean a vast organism in
which biological, physical and chemical changes are clearly and
intimately interrelated. His philosophy that “life in the sea can-
not be understood without understanding the sea itself” is
inscribed on the biology/chemistry laboratory in Woods Hole
that bears his name.

An inquisitive and imaginative thinker, Alfred Redfield con-
ducted pioneering investigations of the effects of ionizing radia-
tion on biological processes and studies in comparative blood
physiology of mammalian hemoglobin and invertebrate hemo-
cyanin, the “blue blood” of the horseshoe crab. Work under-
taken on marine fouling for the U. S. Navy during World War I
led to publication of a text, “Marine Fouling and Its Prevention”
which is still considered an authoritative review of the problem
of organic growth on ship hulls. He was also interested in the
circulation patterns in the Gulf of Maine and the drift, develop-
ment and distribution of planktonic populations in that arex,
and contributed to physical oceanography through his investi-
gations of tidal phenomena in narrow embayments and the cir-
culation and flushing of hatbors and estuaries. In his later years
he probed the biology, chemistry, and physics of the salt marsh.

A graduate of Harvard University, he joined the faculty there in
1921 and in 1931 was named Professor of Physiology, serving
from 1934 to 1938 as chairman of the Biology Department and
as director of the Biological Laboratories. He began his long
association with the Institution in 1930 when he was one of the
first eight appointed to the staff of the new laboratory. For the
next decade he devoted summers to research in Woods Hole
while teaching at Harvard during the academic year. In 1942 he
was appointed Associate Director of the Institution and he
moved permanently to the village.

In addition to his scientific and administrative duties, he served
as a Trustee from 1936 to 1963 and as a Member of the Corpo-
ration from 1936 to 1974, when he was named an Honorary
Member. He also served on the Executive Committee from
1943 to 1955 and as Deputy Clerk in 1951-1952 and 1954-1955.

Dr. Redfield retired from both Harvard and the Institution in
1956. He continued to write and publish, and in 1980 was
honored by the Institution upon his 90th birthday with publica-
tion of his last book, “The Tides of the Waters of New England
and New York”. He was active in town affairs in Falmouth, serv-
ing for many vears on the Conservation Commission and as a
town meeting member. He was 2 member of many scientific
organizations including the National Academy of Sciences,
which honored him with its Agassiz Medal in 1956 for his origi-
nal contributions to oceanography, and was president of both
the American Society of Limnology and Oceanography and the
Ecological Society of America,

W. Van Alan Clark, Jr.

Founder of the Sippican Corporation and long-time friend and
supporter of the Institution W. Van Alan Clark, Jr. died 16 July
1983 atage 63. Mr. Clark was elected a Member of the Corpora-
tion in 1964 and a Trustee in 1966, most recently serving a four-
vear term as Trustee from 1979 to 1982, He served on many
committees including the Trustees Development Committee
and as chairman of the Audit Committee. The son of Edna
McConnell and W. Van Alan Clark, for whom Clark Laboratory is
named, W. Van Alan Clark, Jr. served as assistant and associate
professor and assistant dean at MIT’s School of Industrial Man-
agement, leaving in 1958 to found the Sippican Corporation,
manufacturer of oceanographic and energy instrumentation,
which he served as President and Chairman of the Board. A
highly regarded international cruising and racing sailor, W. Van
Alan Clark, Jr. was also involved with numerous other organiza-
tions, serving as a Director of Avon Products and as Vice Pres;-
dent and Director of the Edna McConnell Foundation.

J. Seward Johnson

Long-time Institution benefactor, Trustee and Member of the
Corporation J. Seward Johnson died 23 May 1983 at age 87. He
became a life member of the Associates in 1957 and was elected
a Member of the Corporation in 1959, a Trustee in 1961, Honor-
ary Trustee in 1969 and Honorary Member in 1974. In 1969 Mr.
Johnson made an $8 million gift to the Development Campaign,
and made numerous gifts to the ships in the form of radar and
navigation equipment. He was influential in establishing the
Marine Policy and Ocean Management program, and through
the generosity of the Atlantic Foundation enabled the Institution
to purchase 95 acres in Quebec, Canada, to establish the
Matamek Research Station. Mr. Johnson founded the Harbor
Branch Foundation in Fort Pierce, Florida, in 1970.

Carroll L. Wilson

World-renowned scientist and management specialist Carroll L.
Wilson, a Trustee and Member of the Corporation since 1963,
passed away 12 January 1983 at age 72. He was involved in
establishing the MITAWHOI Joint Graduate Education Program
and held a number of prominent positions in industry and gov-
ernment, including general manager of the U. S. Atomic Energy
Commission. He was a professor at MIT's Sloan School of Man.
agement from 1959 (o 1976,

Julian H. Gibbs

Amherst College President Julian H. Gibbs died 20 February
1983 atage 58. A respected chemist and a member of the
Brown University faculty from 1960 to 1979, Dr. Gibbs left his
post as chairman of the Chemistry Department at Brown to
become the fifteenth president of his alma mater. He was
elected a Member of the WHOI Corporation in 198l.

Robert M. Love

Honorary Corporation Member Robert M. Love passed away 9
October 1983 at age 74. Mr. Love began his career as an aircraft
salesman, eventually becoming president and chairman of Alle-
gheny Airlines. He was elected a Member of the Corporation
in 1965 and was named an Honorary Member in 1974,
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Financial
Statements

Highlights

The Institution’s total operating revenue increased 21% in 1983 to $46,351,069 compared
with a 1% increase and total revenue in 1982 of $38,318,740. Excess current unrestricted
funds of $1,000,000 were transferred to Unexpended Plant Funds.

CgPuNOGR4 s Funding for Sponsored Programs increased 24% in 1983 as compared to 1982. The
o '9,0 increase results partly from continued strong funding from the National Science
o\‘? - Foundation which increased from $16,721,000 in 1982 to $19,978,000 in 1983, an increase
T %‘ of 19%. Included in the increase was $668,000 for partial support for installation of a new
e A-frame for the RV Atlantis II. The 47% increase in Office of Naval Research fundine from
4] = - g
Q $7,808,000 in 1982 to $11,511,000 in 1983 was due primarily to significant increases in
0o c p ) g
el =~ support for the Deep Submergence Laboratory, Acoustic Tomography, and the Buoy
2 4 eo Program as well as the remaining support of $594,000 for the Atlantis IT A-frame.
o Following is a list of funding sources for Sponsored Programs:
1930 Increcase
1983 1982 (Decrecse)
National Science Foundation:
Science Projects ... $11,885,000  $10,300,000 15.4%
Facilities Projects .......... ... ... . . . ... ... . ... 8,093,000 6,421,000 26.0%
Ofhce of Naval Research .................. ... .. ... ... 11,511,000 7,808,000 47.4%
Department of Energy . ..................... ... ..., 812,000 701,000 15.8%
National Oceanic & Atmospheric Administration . .......... 1,869,000 1,735,000 77%
Other Government ... ............ ... ... ... 1,819,000 2,033,000 (10.5%)
Restricted Endowment Income. . ... .. ... ... ... 685,000 457,000 49.9%
Other Restricted Gifts, Grants and Contracts .. ............. 4,262,000 3,600,000 18.4%
$40,936.000  $33,055,000 23.8%

Capital expenditures were $2,241,000 in 1983, a 23% increase over 1982 expenditures
of $1,816,000. Funds were expended to complete the Paul M. Fye Laboratory, to con-
struct warehouse space, and for our continuing program of equipment replacement,
especially in the area of computer resources. Funds for capital improvements were
derived from gifts, depreciation recovery, and use of other Institution unrestricted

income.

1983 1982
Other statistics of interest are:
Full-time Equivalent Employees .......................... 772 800 (3.5%)
Total Compensation (including overtime and benefits) .. ... ... $23,620,000 $21,269,000 11.1%
Retirement Trust Contribution .. ............... ... ....... 2,184,000 1,932,000 13.0%
EndowmentIncome (net). ................... ... ... .. 2,634,000 2,969,000 (11.3%)
Additions to Endowment Principal ................ .. ... .. 791,000 147,000 438.1%
Endowment Principal (year-end at market value) . .. ..... ... .. 57,473,000 52,793,000 8.9%

Gifts and grants from private sources including the 1,449 WHOI Associates totaled
$2,860,000 in 1983, of which $2,201,000 was restricted and $659,000 was unrestricted as

follows:
Addition to Endowment Principal . .............. .. $327,000
Laboratory CONSIIUCION . . ... ...\ttt ittt e e 684,000
Marine Policy & Ocean Management . ............................iuiiiiiiiiii., 458,000
Ocean Engineering Research Center. .. ....... ... . .. ... ... ... ... . ... .. 150,000
Benthonic Foraminifera Studies . ............. ... .. 123,000
Education Program . ............. ... 21,000
Center for Analysis Of Marine SYStems . . .. ... ... 126,000
Coastal Research Programs .. ... oo 250,000
Other Research Programs . ...............oooiio 62,000
Unrestricted . . ... oo 659,000
$2,860,000

Funds availed of in support of the Education Program were derived principally from
endowment income received in 1983 totalling $1,325,000. In addition to other funds
restricted for education, unrestricted funds of $381,000 were availed of for the Education

Program. Research contracts and grants provided student support in the amount of
$666,000.

Your attention is invited to the Financial Statements and the notes accompanying them,
audited by Coopers & Lybrand.
Joseph Kiebala, Jr:
Assistant Divector for Finance and Administration
Kenneth S. Safe, Jr.
Treasurer
Gary B. Walker
Controller
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Balance Sheets, December 31, 1983 and 1982

ASSETS
Current Fund Assets (Note A):

Short-term investments, at cos

approximates market . ... ... oo
Accruedinterest . ... oo
Reimbursable costs and fees:

Other receivables. ......... ... ...
Inventories . ... i i
Deferred charges and prepaid expenses . ... .. ..
Deferred fixed rate variances .................
Due (toyfromother funds ................. ..

Endowment and Similar Fund Assets
(Notes A and B):
Investments, at market:
Bonds . ...
StOCKS L

Total investments (cost $45,403,4770 in 1983

and $37,864,530in1982) ... ... ... ..
Cash and cash equivalents . ... ........ ... ..
Due (toYfrom currentfund............. . ...

Annuity Fund Assets (Note A):
Investments, at market (cost $67,951 in 1983 and

Plant Fund Assets:
Land, buildings, and improvements .. ..........
Vessels and dock facilities .. ................ ..
Laboratory and other equipment ..............
Construction in Progress . ... .................

Less accurnulated depreciation . ... ........ ...

Due from currentfund ........ . ... oL

1983 1982

$ (136327) 8 (206598)
11,837,079 9,815,000
106,587 50,981
423347 773,076
631,902 344955
380,888 123,503
449,106 594,770
91,468 76,140
164,431 1,572,330

(4,247,263) (4011,319)
9,701,218 9,132,838
18.072,639 15,361,934
35,743,528 33,339,147
113,720 110944
53,929,887 48812025
3,543,605 3,960,444
- 20,050
57,473,492 52,792,519
102,700 97280
1928 2,718
104,628 99,998
21,840,140 18,914,176
7420676 7,363,584
3,703,389 3,441,500
23,665 1,065,112
32,987,870 30,784,372
11,724,960 10,687,476
21,262,910 20,096,806
4,247,263 3,991,269
25,510,173 24,088,165
$92,789,511  $86,113,520

LIABILITIES AND FUND BALANCES 1983 1982
Current Fund Liabilities and Balances:
Accounts pavable, other accrued expenses and
deferred revenues ........... o oo $ 1936298 $ 1,142,157
Accrued pavroll related liabilities .. .. ........ .. 1,923,641 1,549,298
Unexpended balances restricted for:
Sponsored Research ............... .. ... 1,713,233 1,978,008
Education Program .......... ... .. ... 384,316 581,329
Total restricted balances ......... ... ... 2,097,549 2,559,337
Unrestricted balances designated for:
Income and salary stabilization. . ....... .. .. 2,949,998 2,733,720
Ocean industry program . .................. 273,177 289,004
Unrestricted current fund . ....... ... o 520,555 543,619
Fiftieth anniversary fund ... 0 L - 315,643
Total unrestricted balances .. ..... .. ... ... 3,743,730 3 882,046
9,701,218 9,132,838

Endowment and Similar Fund
Liabilities and Balances:
Endowment:

Income restricted. . ... ... ... ... ... 35,003,586 31,887,114
Income unrestricted . ... 651,782 588,484
TermendoOwment . ......................... 3,700,359 3,446,156
Quasi-endowment:
Income restricted . . ... ... ool 8,353,700 7,771,385
Income unrestricted ........ ... . 9,764,005 9.099,380
57,473,492 52,792,519
Annuity Fund Liabilities and Balance:
Annuitiespayable . ... oo 23,381 24,406
Fundbalance . ... .. ... ... .. ... ... .. ... 81,247 75,592
104,628 99,998
Plant Fund Balances:
Invested inplant. ... .. 21,262,910 20,096,896
Unexpended, unrestricted ................... 4,247,263 3,991.209
25,510,173 24,088,165
$92,789,511 $86,113,520

The accompanying notes are an integral part of the financial statements.

Laboratory.

Shelley Lauzon

Chemistry laboratory in the Fye
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Statement of Current Fund Revenues,
Expenses and Transfers for the years
ended December 31, 1983 and 1982

Revenues 1983 1982
Sponsored Research:
Government . ................ L $ 335,988,942 $ 28997375
Nongovernment............................ 940,970 4,057,523
40935912 33,055.398
Education funds availedof ........ ... ... ... ... 1,720,821 1,543,083
Total restricted . ... o0 42,656,733 34,598,481
Unrestricted:
Fees .. ... ... . 434,334 329,532
Endowment and similar fund income ... .. ... .. 643,833 739,657
Gifts. ... 659,089 743,158
Tuition ... . o o 645,523 515,884
Investmentincome ............... ... . ..., 764,853 934,900
Oceanus subscriptions .......... ... .. 244,157 203.618
Other............ ... . ... ... ... 247,547 233,510
Total unrestricted. . .. ... ... ... ... ... 3,094,336 3,720,259
Totalrevenues ....................... .. 46,351,069 38,318,740
Expenses and Transfers
Sponsored research:
Salaries and fringe benefits .. ... ... L. 11,913,384 10,664,731
Ships and submersibles. ... o o 7,370,509 5,711,909
Materials and equipment. . ... .. L. 3,581,783 4,794,727
Subcontracts . ... 854,341 1,475,814
Laboratory costs . ... ... o 3.463,170 2,539,980
Other ... . 7,589,201 4,081,775
General and administrative ... ... L 4,163,524 3,186,462
40,935,912 33,055,398
Education:
Facultyexpense ... L 421,188 385,819
Studentexpense. ......... o L 861,555 773,395
Postdoctoral programs ... . L 319,618 286,380
Other. ... ..o 214,022 185,018
General and administrative ... ... . L. 285417 217924
2,101,800 1,848,536
Unsponsored research ... .. ... . L. 918,838 550,966
Oceanus magazine . ........................... 292,507 261,874
Otheractivities .. ...................... ... .. .. 344,595 590,809
General and administrative . ... ... ... ... .. 231,522 132,432
1,987,482 1,536,081
Totalexpenses ...... .. .. ... ... ... .... .. 45,025,194 36,440,015

Net increase-unrestricted current fund . . . . . .. $ 1,325,875 $ 1,878,725

Designated for:

Income and salary stabilization .. .. ... ... .. .. .. $ 216,278 $ 246,552
Ocean industry program . .................... (15.887) 24,267
Unrestricted current fund .. ... ... ... 66,490 88,072
Fiftieth anniversarv fund .......... ... ... .. .. - 154,660
Innovative research fund . ....... ... ... ... .. - 153,936
Endowmentfund ........ ... ... ... ... . .. ... 58,994 10,332
Plant fund, unexpended ... ... ... ... ... .. ... 1,000,000 1,200,000

$ 1,325,875 $ 1,878,725

The accompanying notes are an integral part of the financial statements.
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Report of the Certified Public
Accountants

To the Board of Trustees of Woods Hole
Oceanographic Institution:

We have examined the balance sheets of Woods Hole Ocean-
ographic Institution as of December 31, 1983, and 1982, and the
related statements of changes in fund balances, and of current
fund revenues, expenses and transfers for the years then ended.
Our examinations were made in accordance with generally
accepted auditing standards and, accordingly, included such
tests of the accounting records and such other auditing proce-
dures as we considered necessary in the circumstances.

In our opinion, the financial statements referred o above pre-
sent fairly the financial position of Woods Hole Oceanographic
Institution as of December 31, 1983, and 1982, the changes in its
fund balances, and its current fund revenues, expenses and
transfers for the years then ended, in conformity with generally
accepted accounting principles applied on a consistent basis.

Boston, Massachusetts
March 27,1984
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Statement of Changes in Fund Balances
for the years ended December 31, 1983 and 1982

1983

Increases:
Gifts, grants and contracts:
Government .. ...
Nongovernment......................
Endowment and similar funds investment
income(Note D) ... i
Net increase in realized and unrealized
appreciation .. ... L
Other........ .. e

Total increases .. ............ ... ...
Decreases:
Expenditures ........ ... . oL

Depreciation (Note A) ...
Other

Total decreases. ... oo oL

Net change before transfers ... ... ...

Transfers — additions (deductions):
Current revenues toplant fund. . ... ...
Current revenues to endowment .. .. ... ..
Fiftieth anniversary fund to endowment .. ..
Plant asset additions .. ............. ... ..

Total transfers. . ... ... ... L

Change in fund balance for thevear........ ..
Fund balance. December 31,1982 ...........

Fund balance, December 31,1983 . ... .. ..

1982
Increases:
Gifts, grants and contracts:
Government . ... oL
Nongovernment . . .
Endowment and similar funds investment
income(noteD) ... oL
Net increase in realized and unrealized
appreciation .. ... oo oL
Other............ .. ... .. ...

Total increases ................ . ...

Decreases:
Expenditures ... .. ... oL
Depreciation (Note A) . ........... ... ..
Other. ...

Total decreases. . ... ... ...

Net change before transfers ........ ..

Transfers — additions (deductions):
Current revenues toplantfund. ......... ..
Current revenues to endowment ... ..... ..
Cuarrent revenues to innovative
researchfund ... 0 0oL
Plant asset additions

Totaltransfers. ......... ... ....... ..

Change in fund balance for the vear. .. ..... ..
Fund balance, December 31,1981 ...........

Fund balance, December 31,1982 ... ... ..

Current Fund Plant Fund
Endowment
and Similar Annuity Invested Total
Restricted  Unrestricted Total Funds Funds In Plant Unexpended Funds
83577513+ $35.773.1 3+ $35.775.134
-£.302,900 3 639089 5.022.0:49 $ 320496 $ 683625 6.032.170
1,985,502 648.833 2.634.335 2.634.335
3.889.689 3,889,689
71946 2386414 2.458.300 $ 5.055 2464015
42,195,542 3.69+4.336 45.889.878 4216185 3.055 0683.625 50.795.343
(42.656.733) (2.368.461) (45.025.194) (45.025.194)
$(1.099.057) 837243 (261.811)
197 197
(42.656.733) (2.3068.461) (45.025.194) (1.098.8060) 837.243 (45,286 81 1)
(461.191) 1325875 804.084 +.216,185 3.055 (1.098.8060) 1.520.868 5,508,532
(1.000.000) (1.000.000) 1.000.000 -
(597) (148.548) (149,145} 149,145 -
(315.043) (315.043) 315,643 -
2264874 (2.26-1.874) -
(397) (1.464.191) (1404.788) 404,788 2264874 (1.264.874) -
(461.788) (138.310) (600.104) 4080973 5.655 1.166.014 255994 5508332
2.559.337 3882046 6,441,383 52792519 75592 20,096,896 3.991.269 83.397.659
$ 2,097,549 $3,743,730 $ 5,841,279 $57,473,492 $81,247  $21,262,910 $4,247,263 $88,906,191
$28.690.477 $28.690.477 $28,690477
3.715.232 $ 743,158 4458390 136359 $ 134,751 4,729,500
2228882 739.657 2.968,539 2.968.539
10.273.911 10.273911
78334 2237443 2315777 $15422 2,331,199
34,712,925 3,720.258 38,433,183 10410270 15422 134,751 48,993,620
(34.598,481) (1.841.534) (36,440,01%) (36,440.015)
$1.001,179) 739365 (261,814)
(105,514) (105,514) (340) (105.860)
(34,703.995) (1,841.534) (36,545,529) (1.001,52%) 739365 (36,807.689)
8,930 1,878,724 1.887,654 10,410,270 15422 (1.001,525) 8741106 12185937
(1.200,000) (1,200.000) 1.200.000 -
(641) (10,332) (10973) 10,973 -
153,935 (153,935) -
1,771,137 (1,771.137) -
(986) 986 -
153,294 (1,364,267) (1,210973) 10973 1,770,151 (570,151} -
162,224 314,457 676,681 10421243 15422 768,626 303.965 1218593~
2397113 3,367,589 5,764,702 42,371,276 60.170 19,328,270 3,687,304 71,211,722
$ 2,559,337  $3,882,046 $ 6,441,383 $52,792,519 $75,592  $20,096,896  $3,991,269  $83,397,659

The accompanving notes are an integral part of the financial statements.
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Notes to Financial Statements

A. Summary of Significant
Accounting Policies:

Fund Accounting

In order to comply with the internal desig-
nations and external restrictions placed on
the use of the resources available 1o the
Institution, the accounts are maintined in
accordance with the principles of fund
accounting. This procedure classities
resources into various funds in accordance
with their specitied activities or objectives.
Investments

Investments in securities are stated ar mar-
ket value determined as follows: securities
traded on a national securities exchange
are valued at the last reported sales price
on the last business day of the vear; securi-
ties traded in the over-the-counter market
and listed securities for which no sales
prices were reported on that day are valued
at closing bid prices. Investments for which
a readily determinable market value cannot
be established are stated at a nominal value
of $1: income from such investments is not
signiticant.

Income, net of investment expenses, is dis-
tributed on the unit method. Unrestricted
investment income is recognized as reve-
nue when received and restricted invest-
ment income is recognized as revenue
when it is expended for its stated purpose.
Realized and unrealized gains and losses
are atributed to the principal balance of
the funds involved.

The Institution foliows the accrual basis of
accounting except that endowment and
similar fund investment income is
recorded on a cash basis. The difference
between such basis and the accrual basis
does not have a material effect on the
determination of investment income
earned on a year-to-vear basis.

Contracts and Grants

Revenues associated with contracts and
grants are recognized as related costs are
incurred. Beginning with fiscal 1978, the
Institution has negotiated with the govern-
ment fixed rates for the recovery of certain
indirect costs. Such recoveries are subject

-~

L
o

to carrvforward provisions that provide for
an adjustment to be included in the negoti-
ation of future fixed rates.

Gifts

Gifts are recorded in the applicable funds
when received. Noncash gifts are generally
recorded at market value on the date of gift
although certain noncash gifts for which a
readily determinable marker value cannot
be established are recorded ata nominal
value of $1 until such time as the value
becomes known. Unrestricted gifts are rec-
ognized as revenue when received and
restricted gifts are recognized as revenue as
they are expended for their stated
purposes.

Plant

Plant assets are stated at cost. Depreciation
is provided at annual rates of 2% to 5% on
buildings, 3%4% on Atlantis 11 and 5% to
33¥%% on equipment. Depreciation
expense on Institution-purchased plant
assets amounting to $837,243 in 1983 and
$739.365 in 1982 has been charged to oper-
ating expenses. Depreciation on certain
government funded facilities ( Adantis 11,
Laboratory for Marine Science and the dock
tacility, amounting to $261,814 in each
vear) is accounted for as a direct reduction
of the plant asset and invested in plant
fund. Title to the research vessel Atlantis 11
I3 contingent upon its continued use for
oceanographic research.

The Institution consolidates available cash
from the plant fund with other cash in the
current fund for investment.

Arvudny Funds

On the date of receipt of annuin fund gifts,
the actuarially computed value of the furure
pavments o annuitants is recorded as a lia-
bility and any excess amount of the gift is
credited to the fund balance. The actuarial
values of the liabilities are recomputed
annually.

Reclassification of 1982 Balances

Certain balances in the 1982 financial state-
ments have been reclassified to conform
with the 1983 presentation.
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B. Endowment and Similar Fund Investments:

The cost and market value of investments held at December 31, 1983. and 1982, are
as follows:

December 31, 1983 December 31, 1982
Cost Market Cost Market
Government and
government
agencies. ... ... .. $ 14405246 14692093 § 1218817+  § 13482335
Convertible bonds . 786,563 745,250 200,500 196,375
Corporate bonds . . . . 2,533.246 2,635,296 1,540,047 1,683,224
Convertible preferred
stocks. .o 396,790 496,000 - -
Common stocks 27,041,625 35,247,528 23,835,809 33,339,147
Fiduciary Trust Co.
Fund ........... 100,000 113,720 100,000 110944
Total investments $45,463,470  $53,929.887  $37,864,530  $48,812,025

C. Pooled Lavestment Units:

The value of an investnent unit at December 31, 1983, and 1982, was $1.2896 and 1.2011
respectively. The investment income per unit for 1983 and 1982 was $.0594 and
0677 respectively.

1983 1982
Unit value beginning of year . ........... ... . ... ... ... .. .. $ 1.2011 $ 9672
Unitvalueendof year ........... ... . ... ... ... . ... 1.2896 1.2011
Netchange forthevear............... ... ... .............. 0885 .2339
Investment income per unit for theyear ......... ... ... . ... .. 0594 0677
Total returnperunit. .. .. ............ .. ... ... ... . .. .. $ .1479 $.3016
D. Endowment and Similar Fund Income:
Income of endowment and similar funds consisted of the following:
1983 1982
$ 888367 $ 710,187
2,074,335 2,513,261
- 2994
2,962,702 3,226,442
Investment management Costs .. ..................... (328,367) (257,903)
Net investmentincome .................. .. .. $2,634,335 $2,968,539

E. Retiretnent Plan:

The Institution has a noncontributory defined benefit trusteed retirement plan covering
substantially all fulltime employees. The Institution’s policy is to fund pension cost accrued
which includes amortization of prior service costs over a 30-year period. Retirement plan
costs charged to operating expense amounted 1o $2,352,000 in 1983 and $2,072,000 in 1982,
including $168,000 and $140,000, respectively, relating to expenses of the retirement trust. As
of January 1, 1983 (the most recent valuation date) the comparison of accumulated plan
benefits and plan net assets is as follows:

January 1
1983 1982
Actuarial present value of accumulated plan benefits:

Vested $ 19,282,937 $ 16977517
Nonvested 1,032,504 954,693
Total actuarial present value of accumulated plan benefits $20,315,441 $17,932,210
Net assets available for plan benefits. .. ... ... .. .. $25,435,384 $19,202,572

The assumed rate of return used in determining the actuarial present value of accumulated
plan benefits was six and one-half percent compounded annually.

Sea smoke rises from Great Harbor
beyond the Atlantis II.
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Above: Colored water containers
imaginatively arranged behind
Clark Laboratory by the Building
Services Group. Top right:
Oceanus departs for an acoustic
tomography cruise. Bottom right:
Eben Franks uses liquid nitrogen
in the mass spectrometer in
McLean Laboratory. Below: Chris
Dunn (bottom) instructs Tom

Bolmer in placement of instruments o
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