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LETTER FROM THE

DIRECTOR

Almost a decade ago, the
Stratton Commission re
ported to the President of
the United States the re
sults of an intensive review
of the nation's marine re
source development
potential. In a four-volume
study, Our Nation and the
Sea, the Commission cited
the Sea Grant College Pro
gram, then three years old,
as a mechanism through
which some of the objec
tives outlined in their
report could be accom
plished.

Today, as we review ten
years of activity among
Sea Grant researchers,
educators, and advisory
services, the National Pro
gram's achievements
emerge to justify the
Commission's confidence.
Planning studies and com
puter models have helped
to resolve conflicts and
control unplanned growth
in the coastal zone; Sea
Grant research has con

tributed to cleaning some
of the nation's polluted
waters; new technology,
developed with the Pro
gram's support, is adding
to our knowledge of the
oceans and to our abili
ties to recover valuable

'A new and potentially very important program
in support of marine science and technology is
that sponsored under the National Sea Grant
College Program Act ..."

raw materials from them.
In addition, Sea Grant by
including students in its
research activities, has
trained and equipped
many professionals for
work in the expanding
marine field.

MIT Sea Grant is one of
27 university-based pro
grams; each carefully
balances research, advisory
services and education;
each operates to serve
both a local and national
constituency; and each
makes a unique contri
bution as it draws from
the specific talents and the
expertise of the univer
sity's faculty and students.
All programs, funded
through the National
Oceanic and Atmospheric
Administration in the
U.S. Department of Com
merce, share information
and research with each
other, creating a marine
research network.

This annual report from
the MIT Sea Grant College
Program is a summary of
one year's work in one
university. It provides a
glimpse into the larger
reservoirs of knowledge
and experience accessible
through both the Mas
sachusetts Institute of
Technology and the en
tire National Sea Grant
College Program. Our re
port has been framed
against some of the re
commendations made by
the Stratton Commission

to aid us in measuring our
progress and achievements
against national goals.

With this report on our
projects and activities sup
ported from July 1, 1977
through June 30, 1978, we
invite scrutiny and en
courage future participa
tion of the American
people in the MIT Sea
Grant Program. Although
we are proud of our ac
complishments, we recog
nize that our contribution
is necessarily small. The
oceans are vast and com
plex, requiring the efforts
of all the nation's citizens
in the years to come if we
are truly to achieve the
wise and balanced uses of
our marine resources.

Dean A. Horn
Director
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'The Nation's marine capability must be built
upon an expanding base of knowledge and
practical skills. Understanding the sea is the task
of marine science. Improvement of operational
skills, equipment, and methods is the responsibil
ity of marine technology."

Although best known for
contributions to technol

ogy development for land
and space uses, the Insti
tute has long been in
volved in applying funda
mental engineering and
scientific skills to ocean
exploitation. Faculty and
students first began cre
ating a reservoir of knowl
edge and devising technol
ogy for use in marine de
velopment over eighty
years ago, when MIT es
tablished the nation's
first Department of Naval
Architecture and Marine
Engineering.

MIT's interest in joining
the National Sea Grant
College Program in 19 70
stemmed from past ex
perience in the ocean
sciences and from faculty
and student enthusiasm
for sharing in the national
effort to develop the
ocean's potential and to
redress past damage to
the environment.

Within the Institute, Sea
Grant serves as a focal
point for applied marine
research, identifying scien
tists who can help constit
uents solve problems or
capitalize on opportunities.
At present, as interest in
exploiting offshore mineral
resources grows, there is
an urgent need for greater
knowledge of the deep
oceans. New materials are

required to build, monitor,
and maintain huge struc
tures at sea. And the
economic and environ
mental costs of oil spills
from tankers and from
operating oil wells, con
cern industry and coastal
residents alike.

In the coastal zone itself,
unplanned growth has
placed serious strains on
groundwater resources;
lack of management has
resulted in depleted fishery
stocks; and unchecked
construction onshore has
caused serious erosion
and deposition problems.
Sea Grant's research pro
gram is designed to pro
vide information and
technology that enables
business and industry to
make development deci
sions that provide benefits
to themselves and the
nation for both current
and future generations.



'The Commission urges
that the proposed
National Oceanic and

Atmospheric Agency
initiate a major pro
gram to stimulate the
development of funda

mental marine tech

nology and engineering
in order to expand
the scope and to lower
the costs of undersea

operations."
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OFFSHORE RESOURCE

DEVELOPMENT

Undersea
Telcmanipulators

The challenge of com
municating with, com
manding, and controlling
a remote vehicle first in

terested Professor Thomas

B. Sheridan in the early
1960s when he was work
ing to put men and moni
toring equipment on the
moon. Professor Sheridan
and associates are adapting
this aerospace technology
to the hydrospace environ
ment. Telemanipulator
technology is being adapt
ed to problems of inspec
tion and repair of under
water structures. The

telemanipulator is cap
able of responding to
direct commands from an
operator or using its own
'intelligence" to make
some of its own decisions
and to carry out certain
repetitive tasks.

Because sonar communi

cations arc slow and are of

limited bandwidth, time
delays are incurred be
tween the time a signal is
given and the time when
the result of that signal is
observed on the surface.
During the time delay
period, the teleoperator
must be able to make its
own decisions to avoid

dangerous and damaging
situations or to complete
a sequence of tasks with
out awaiting complete
instructions at each step.

Following a literature
survey and consultation
with industry experts, the
researchers are analyzing
the telcmanipulator's abili
ties to perform a well-
defined, specifically
needed set of tasks under

both direct manual and
computer control.

Because of high accident
rates and high dollar costs
for human divers and
manned submcrsibles,
such teleoperators, sharing
and trading tasks with
human operators located
on the surface, promise
the offshore industries
safety and economic
advantages.

Navigation Systems
Underwater

The successful develop
ment of a light-weight,
lower power incrtial rota
tion sensor for a compact
navigation system will
benefit deep sea opera
tions, now dependent on
magnetic compass devices
where size, weight, or
power preclude the use of
expensive gyroscopic sys
tems. Professor Shaoul
Ezekiel of the Depart
ment of Aeronautics and
Astronautics examined the
feasibility of basing a new
sensor concept on the use
of a closed fiber-optic
ring.

To make measurements of

the pertinent parameters
of the ring fiber, he and
associated researchers de

signed a special helium-
neon laser system. Work
underway in the labora
tory addresses the prob
lems of obtaining an ade
quate signal-to-noise ratio
in the system in order to
obtain the required sensi
tivity.

Completion of the project
in 1980 could prove the
feasibility of such a de
vice which could provide
major benefits lo indus
tries working in the oceans
as well as to recreational
boaters who use the

nation's waters for sport
and pleasure. Essentially,
this device will be equiva
lent to expensive incrtial
guidance systems and, like
them, will be independent
of local magnetic fields;
hence no deviation or varia

tion corrections will be re
quired.



Deep Sea Construction
And Repair Techniques

Underwater welding tech
niques developed by Sea
Grant scientists at MIT

will be a tremendous help
to oil, shipping, and min
eral industries as resource
exploitation moves into
deeper waters. Human
divers limited by dan
gerous, deep ocean con
ditions, will be replaced
by welding robots or re
motely controlled deep
sea vehicles which require
simple, easy-to-use tools.

In an earlier Sea Grant

project, Professor Koichi
Masubuchi of the MIT

Department of Ocean
Engineering studied exist
ing techniques and then
adapted one, the flux
shielded arc welding
method, for underwater
work. Underwater welding
has generally resulted in
brittle, unreliable welds
because of the rapid cool
ing effect of seawater and
the free hydrogen ions
caused by the underwater
arc. Professor Masubuchi
is working on a technique
that involves laying a flux-
filled, water-tight plastic
enclosure over the joint to
be welded. The electrode
is inserted through the
plastic and the welding
takes place in a flux-filled
environment; the weld
cools before the water dis
places the flux.

Sea Grant research asso

ciates are testing this tech
nique in a pressure tank
designed and constructed
to provide the pressurized
equivalent of 700 foot
depths. Observations
analyzed in a computer
program are being applied
to creating welding tools
that can be manufactured
by industries for both con
struction and maintenance
of oil rigs, pipelines, and
off-shore porting facilities
in deep water.

Soil Conditions and

Structure Design

In order to design more
efficient, safer offshore
structures, engineers must
be able to assess reliably
the supporting capacity of
ocean sediments. Since

water pressure is reduced
as a sample is brought
from the bottom to the
surface, such samples can
not be reliably analyzed in
the laboratory to deter
mine the sediment strength
on the seafloor. As a con
sequence, industry engi
neers must overbuild struc
tures because they are un
able to predict accurately
the supporting capacity of
ocean sediments.

Professors Charles C. Ladd
and Mohsen B. Baligh,
gcotechnical experts from
MIT's Department of Civil
Engineering, believe that
in situ testing can provide
engineers with consistent,
reliable information on the

underlying soil structure
economically and simply.
In cooperation with an
industrial consulting firm,
they have investigated the
application of a penetra
tion device, known as the
Dutch cone, which was
originally developed to
design pile foundations.



They have observed and
documented the perfor
mance of the instrument
at three land sites, and will
be able to correlate the
data with information
obtained from ocean tests
conducted on a working
platform exploring for oil
off the coast of Venezuela.
Information is obtained

by measuring resistance of
the tip of the cone itself
and the friction created on
a cylindrical sleeve behind
the tip. By also measuring
the water pressure as the
cone is pushed through
stratified sediments, then
observing the rate at
which pressure decreases
when the cone is stopped,
the Sea Grant scientists
are further able to deter

mine soil type, the pre
sence of sand in cohesive

deposits, and the soil
strength. This new, more
sophisticated instrumenta
tion system provides valu
able support to industry
charged with developing
marine resources.

Decisions Under
Uncertainty

Georges Bank, located off
the New England coast,
supplies the United States
with a substantial percent
age of the fish caught and
processed by Americans
for domestic and foreign
markets. Fishermen, food
processors, and many boat
ing and gear manufacturers
are economically depen
dent on the continuing
vitality of the area's stocks.

Recent geological surveys
indicating that Georges
Bank could also be a source

of large oil and gas deposits
have raised serious ques
tions. How will oil recovery
operations affect marine
life? What risks are in
volved? How can these
risks be quantified? Can
they be eliminated or
minimized?

Over the years Sea Giant
has supported a number of
computer modeling pro
jects in MIT's Department
of Civil Engineering. The
Department is known for
its experience in risk assess
ment and decision analysis
for onshore facilities. MIT
Professor Gregory B.
Baecher is now focusing
his studies offshore. Pro
fessor Baecher points out
that many unknowns are
involved in working in the
ocean at present, and that
an assessment of the risks
is essential to sound
decision making.

His Sea Grant model is
based on probability anal
ysis, a modeling techni
que employed when avail
able data and experience
are inadequate or unsup
ported. The method allows
him to draw conclusions
based on the laws of phy
sics and experience under
similar but different con
ditions, and it enables the
researcher to incorporate
identified uncertainties.

Professor Baecher is ana
lyzing the risks of building
on various kinds of soils
under shifting, settling,
and breaking conditions
induced by either natural
or structural forces. Be
cause a number of current
geotcchnical studies are
underway at MIT, Pro
fessor Baecher is incor
porating new, increasingly
reliable data on in situ
sampling, subsurface geo
metry, and mechanical
structural behavior.

The research will be of
great value to government
officials responsible for
making the decisions re
quired for all offshore de
velopment projects. En
gineers and industry will
be able to make cost and
design decisions employ
ing the model to study the
sequence, consequence,

and magnitude of poten
tial structural failures.

Long-range benefits will
redound to all citizens
when resources are re

covered with methodical,
careful considerations for
all coastal and ocean re
sources.



10 Detecting Structural
Failure

Offshore structures, sub
jected to severe natural
stresses from ocean waves,
shifting sediments, high
winds, and strong cur
rents, may weaken and
fail. Defects must be iden
tified before they become
serious enough to cause
human or environmental
accidents or force costly
closings of large and pro
ductive oil and gas rigs.

For several years, civil
engineers have measured
the natural frequencies of
buildings with sensitive
devices, known as accelero-
meters, before and after
earthquakes to locate
possible structural dam
age. A detected shift in
the vibration response
between successive mea
surements indicates a

change in the structure.
Such a change implies
failure in either the struc

ture itself or its support
ing bottom conditions.

Professor J. Kim Vandiver
of MIT's Department of
Ocean Engineering pro
posed to extend this tech
nique to offshore struc
tures. In 1974, experiments
on and computer studies
of a manned U.S. Coast
Guard tower near the Mas
sachusetts coast showed
the technique had poten
tial in ocean applica
tions. By combining vibra
tion measurements and a
computer model, a stan
dard is obtained against
which future vibration

measurements can be com

pared to determine if
structural changes have
taken place. Though not
applicable to all the more
than 2,000 offshore struc
tures in use today, mea
surements of vibration re
sponse may prove useful
for many existing and
future structures in moni
toring structural integrity.

In a separate study, Pro
fessor Vandiver developed
a new technique for esti
mating the vibration re
sponse of a structure to
random ocean waves. The
new techniques allow
upper bound response
estimates to be made
without requiring the de
tails of the structural con
figuration or the explicit
calculation of wave forces.

In a parallel Sea Grant
project, Professor Vandiver
and research associates are
investigating technology
that would allow engineers
to suprcss the vibration re
sponse of a structure and
the resulting cyclical
stresses by careful con
figuration and placement
of the oil and water storage
tanks located on the deck.
Preliminary field tests and
analysis by Professor
Vandiver reveal that the
shape of the storage units
can be altered to tune the
structures to minimize
deck response. Future col
laboration with industry
will allow researchers to
develop hardware and con
duct field tests to imple
ment this novel design in
future deepwater struc
tures.



Modifying Existing
Materials for Ocean Uses

Cost and durability are of
prime importance to in
dustries building and work
ing in the seas. At present,
many materials that have
survived the stresses of
land use degrade rapidly in
the marine environment

and must be replaced.
Fibers currently used to
insulate electrical cables

in aids to navigation and
underwater work and sur
vey equipment are one ex
ample of materials that
have limited life at sea.

In the Department of
Chemical Engineering, Sea
Grant Professors Richard
G. Donnelly and Robert
E. Cohen are conducting
simultaneous experiments
on three methods for modi
fying polyethylene, a com
mon, inexpensively manu
factured polymer, to in
crease its resistance to
degradation in seawater.
To date the most exten
sive tests have been com

pleted using a surface
active agent to trigger a
sequence of reactions to
form a resistant protective
coating around the poly
mer. However, radiation
grafting and cross linking
with activated gasses are
also being seriously con
sidered as methods for
altering the materials to
make them more durable
in seawater.

In the future, low cost,
versatile polymers could
have applications in the
manufacture of many pri
mary construction mate
rials required for recover
ing minerals and energy
from the oceans.

Energy from the Oceans

There seems to be little
question that other sources
of energy are needed to
supplement reserves of oil,
gas, and coal. No one
energy source appears to
provide a simple, techno
logically, and economically
feasible answer.

To plan ahead, scientists,
supported by government
and industry, are studying
the sun, biomass grown on
land and in the ocean, and
the seas themselves — tides,
currents, and temperature
variations.

At MIT Sea Grant, during
the past two years Profes
sor C.C. Mei of the Civil
Engineering Department
and Professor A.D. Car-
michael of Ocean Engineer
ing have been investigating
the efficiency and practi
cability of employing a
teardrop-shaped cylinder
as a potential small power
source for at-sea use.

11



12 Named after its British in
ventor, the Salter Cam is a
device that rotates on a
central axis, rocking back
and forth with the waves
and absorbing energy by
driving a generating de
vice such as an hydraulic-
pump. Uncertain about its
behavior under the ran

dom condition of ocean
waves, Professor Mei con
ducted a theoretical hy-
drodynamic computer
analysis with promising
results. Professor Car-
michael comprehensively
tested the Cam's efficiency
in MIT's wave and towing
tanks to assess the effects
of changing the operating
conditions and giving it
varying degrees of free
dom to rock. The results

indicate the device operates
efficiendy as an energy
absorber, but the cost of
a mooring system may
prohibit its widespread
application. Future eco
nomic and design consid
erations will be discussed
in early 1979 when Pro
fessors Mei and Carmichacl
present their findings to
government and industry
representatives at an MIT
Marine Industry Collegium
meeting.

Policy for Deep
Ocean Mining

New technology has made
it possible to recover signif
icant deposits of mineral-
rich manganese nodules
from seabeds in inter
national waters. Professor
J.D. Nyhart and research
assistants have created a
computer cost model that
is being used by the U.S.
government as a tool for
creating an ocean mining
policy which considers
both the rights of American
investors and the inter
national community. The
model calculates capital
and operating costs of a

'typical" deep-sea mining
company. It allows users
to estimate changes in tax
laws, market conditions
and delays in using exist
ing technology on return
on investment to the com
pany. Congressional com
mittees and government
agencies, seeking to es
tablish a stable investment
climate for U.S. industry
and to assure fair profit-
sharing arrangements with
other nations, are benefit
ing from the detailed eco
nomic information avail
able through this model.

'Today, man's damage
to the environment too
often is ignored be
cause of immediate

economic advantage.
To maximize the pre
sent economy at the

ONSHORE/OFFSHORE
POLLUTION

Oil at Sea

The chances that large oil
spills will occur multiply
as offshore oil recovery ex
pands, and tanker capacity
and oil transport increase.
At present the world pro
duces 3 billion metric tons
of oil every year. And 70
percent of this is trans
ported across the oceans.

Even the most spohisticat-
ed technology cannot
eliminate accidents; neither
machines nor people arc
flawless. Therefore, it is
necessary, indeed essential,
to anticipate spills and
make plans to minimize
the damage they can cause.

Present strategies and
equipment for cleaning up
oil seem to be effective in
the nearshore environ
ment, but offshore effi
ciency is limited. At sea a
number of processes af
fect the dispersion of oil,
making it difficult to deter
mine how much evaporates
and how much is entrained
in the sea; or to know in
what direction and at what
speed the residual oil will
travel. Without this infor
mation, responsible govern
ment agencies such as the
Coast Guard are unable to
specify equipment design
or logistical requirements
that will ensure the oil is
cleaned up at sea before it
either washes ashore or is
embedded in ocean sedi
ments.



expense of the future
is to perpetuate the
pattern of previous
generations, whose sins
against the planet we
have inherited."

For several years, Pro
fessor Jerome H. Milgram
has studied the behavior
of oil in an effort to de
velop reliable, effective oil
pollution control technol
ogy. In his most recent
Sea Grant work, he and
students in the Depart
ment of Ocean Engineer
ing studied four crude oils
to analyze what properties
caused each to break up
and spread at differing
rates and in different
amounts. Identification of
the individual components
and observations of how

they interact will be help
ful in developing a reliable
theory for predicting how
commonly transported oils
will spread in turbulent
ocean waters. Scientists

and engineers will then
have more accurate infor
mation to be used in de

veloping methods for oil
spill pollution control.

A related aspect of the oil
pollution problem is being
addressed by Professor
Richard G. Donnelly of
MIT's Department of
Chemical Engineering
who is investigating what
chemical characteristics of
the marine environment

itself make oils spread dif
ferently. Why, for instance,
when Platform Charlie in

Louisiana caught fire in
1970, spilling 3 million
gallons of crude oil into
the ocean, did the natural
processes disperse and de
grade a large proportion,
leaving only a small amount
to wash ashore; while the
oil spilled from the
TORREY CANYON and

from an offshore well in
Santa Barbara remained
intact, covering the beaches
in an oily mass?

The MIT researcher be-
lives that the composition
of oil changes with time
as it evaporates, loses
active surface agents, and
is affected by sediments
and pollutants in the water.
Confirmation of these

assumptions supported by
quantitative data could
lead to pollution preven
tion by improving the pre
dictive capabilities of
scientists. It may also be
possible to use the infor
mation to help devise
chemical controls when
spills occur.

Offshore Waste Disposal

As a member of a national
research team that includes
scientists from several
government agencies and
from the Texas A&M Sea
Grant College Program,
Professor Keith D. Stolzen-
bach is helping to study
the environmental impact
of disposing of a highly
saline brine in the Gulf of
Mexico.

Large caverns created on
shore—near seaports and
major oil distribution
lines—are being used to
store reserves of oil in the
event of another crippling
oil embargo. To make
room for the oil, the brine
must be removed and is

discharged some distance
offshore by a high velocity
jet diffuser system de
signed to mix the brine
with seawater. Concerned
that the brine, which is
denser and saltier than
natural seawater, will have
an adverse affect on marine
life, the Department of
Energy asked Sea Grant to
help monitor the effects of
the waste disposal opera
tion on the shrimp stocks
in the heavily fished Gulf.

13



14 Professor Stolzenbach of
MIT's Ralph M. Parsons
Laboratory has created a
model to determine the
dispersal of the dense sub
stance in the water at
various distances from the
jet diffusing system. To
date, the information has
been utilized in the design
of diffuser systems at a
number of sites and has
guided the conduct of pre
operational environmental
surveys.

In the future the MIT Sea
Grant scientist believes the
work he is doing will be
useful in evaluating the
operational performance of
jet diffusion for not only
brine disposal but for
dredge spoils, sewage
sludge, and deep ocean
mining effluent disposal as
well.

"Expansion of world
fisheries production is
a matter of advancing
on several fronts at
once—improving the
technical efficiency of
harvesting known
stocks, locating and

LIVING RESOURCE

DEVELOPMENT

Technology for Marketing
Underutilized Fish

Professor David Gordon
Wilson in the Department
of Mechanical Engineering
is completing a final pro
totype design for me
chanically skinning the
spiny dogfish shark follow
ing extensive consultation
with representatives of the
New England fishing in
dustry.

Originally, the Overall
Economic Development
Committee for Cape Ann
asked Sea Grant to create

a machine that would help
fishermen exploit market
ing opportunities for a fish
that had long been a nui
sance to them. In England
dogfish shark is commonly
used in fish and chips and
in Germany parts arc
smoked and sold as an ex
pensive delicacy. Demand
for the shark in France,
Belgium, and several
Scandanavian countries

cannot be met by American
fisheries because existing
skinning machines are
unable to remove the
shark's extremely tough
skin. Hand methods are
too slow and expensive to
provide a satisfactory
solution.

defining new stocks,
recasting the institu
tional setting for fish
eries management, de
veloping new end pro
ducts from presently
unused or under

utilized species . . ."

Following a detailed analy
sis of the shark's physical
properties and a survey of
available technology, the
researchers developed a
concept for the machine
that follows the steps used
by European hand skin
ners. In the spring of 1978,
processors, fishermen,
machinery manufacturers,
and the National Marine
Fisheries Service met with
Sea Grant to suggest
changes and refinements
from an industry perspec
tive. It was decided that a
final prototype, incorporat
ing recommendations put
forth at the meeting,
should be completed by
March 1979. When manu
factured, the machinery
will help establish a new
U.S. fishery tapping an
abundant underutilized
species. This will relieve
pressure from current, de
pleted stocks and provide
profitable alternatives
for small boat owners

when fishery management
quotas must be imposed.
Sea Grant will also con
tinue to promote the
growth of American mar
kets by encouraging con
sumers to take advantage
of delicious, low cost
sources of protein—like
the spiny dogfish shark.



Improved Trawl Doors

MIT Sea Grant researchers
are designing gear for the
U.S. fishing fleet that is
more energy efficient and
easier to maintain. Im

proved technology helps
fishermen to capitalize on
new economic opportuni
ties opened to them by the
passage of the 200-mile
limit.

Arthur B. Clifton, Sea
Grant's Marine Liaison
Officer, directed a project
to design new steel trawl
doors using hydrodynamic
principles. Shaped like a
hydrofoil, the doors were
tested first in MIT's lab
oratory water tunnel and
then at sea by New England
fishermen cooperating
with Sea Grant engineers.

The trawling technique is
considered one of the

most efficient methods for
harvesting evenly distribu
ted bottom dwelling fish
such as flounder, cod, and
haddock. The trawl net,
shaped like a funnel, is
able to filter large amounts
of water as it is towed by
the vessel over New
England's fishing grounds.
Kept open vertically by
floats and weights, and
horizontally by the trawl
doors, the net scoops up
the fish in its path.

Trawl doors used by fisher
men at present are made
with steel-banded wood,
and though they satisfac
torily spread the mouth of
the net by "ruddering,"
the towing vessel wastes
fuel to compensate for
substantial drag. With the
new shape, the doors
spread the net using hydro-
dynamic lift and a low
angle of attack with ap
proximately 20 to 40 per
cent less drag than the con
ventional flat doors. Fisher
men save fuel costs or are
able to use larger nets for
the same fuel required to
operate the present doors.
Subsidiary savings are
realized in maintenance be

cause of the durable steel
construction.

Development of new
fishery technology has
enabled Sea Grant to serve
the needs of two industry
clients—fishermen who

will realize cost benefits
from the improvements
and the manufacturer of

the doors who will derive
direct benefits from the
research when the doors

are offered for sale in late
1978.

New England Red Tides

New England's red tides,
though common in Maine
and eastern Canada for
many years, did not affect
Massachusetts until 19 72.
Since then, however, shell-
fishermen and food pro
cessors have suffered an
nual economic losses when
toxic outbreaks of Gon-
yaulax tamarensis, a dino-
flagellate alga, have forced
the closure of some shell
fish beds to prevent poten
tial outbreaks of paralytic
shellfish poisoning (PSP).

Sea Grant researchers from

MIT's Department of Civil
Engineering believe that
G. tamarensis was intro
duced to the Common

wealth's waters during a
massive coastal bloom that

extended from Maine to
Cape Cod following a hur
ricane six years ago. Once
present in die local waters,
the dinoflagellate formed
thick-walled dormant cells
(cysts) that settled to the
sediments as seed popula
tions for future blooms. In
locations where conditions
were favorable, the cysts
were revived by the warm
ing of the water in the
spring. A second bloom
sometimes occurs in these
same areas in the fall when
the water temperatures
drop.

15



16 Francois M.M. Morel, the
third Henry L. Dohcrty
Professor of Ocean Utiliza
tion, concludes that the
location, timing, and
spreading of G. tamarensis
can be linked directly to
this cyst stage. Fie and re
search associates believe
that the coastal sediments
in New England should be
surveyed to locate existing
cyst seed populations. The
information can then be
used by shellfish wardens
and scientists to further
study chemical and bio
logical factors that lead to
the toxic blooms. Scien
tists are now beginning to
monitor the mechanisms
by which the cysts are
transported and accumu
lated. At present the re
searchers speculate that
both human activity and
natural processes may be
responsible for movement
from one location to
another.

The Sea Grant scientists
are also investigating the
role of natural levels of
copper in seawater in in
hibiting the growth of
G. tamarensis. The results

of this work may help to
predict and control dan
gerous and costly out
breaks of red tide in the
future.

Chitin:

Waste to Raw Material

Like other shellfish pro
cessing companies, the
Hunt Crabmeal Company
in Flampton, Virginia faces
a disposal problem because
environmental regulations
prohibit them from dump
ing shellfish wastes into
coastal waters. The firm is
hoping, however, that with
the assistance of university
researchers like Benjamin
Averbach, they will be
able to turn a problem
waste into a valuable raw
material.

Crustacean shells are a
source of chitin, the
natural polysaccharide re
lated to cellulose, which
has a diverse number of
promising applications in
medicine, papermaking,
adhesives, natural and
synthetic fibers, and waste
treatment.

In MIT's Department of
Materials Science and
Engineering, Professor
Averbach has completed
extensive research to cast
films from chitosan for
use as a tool in removing
pollutants from water.
One of chitosans many
attributes is its ability to
trap contaminants, includ
ing radioactive heavy ele
ments and chemical sub

stances like DDT, PCBs,
and Kepone. Because of
the variability of chitosan
itself, however, it has been
difficult to produce a raw
material that could be used
to make consistently

strong, clear, and flexible
films. With the aid of Hunt,
the Sea Grant researchers
have sought to refine the
processing methods. The
experiments have produced
good results and research is
now aimed at precisely
measuring effectiveness
and improving the dur
ability of the films.

In June 1978, MIT Sea
Grant published the Pro
ceedings of the First Inter
national Conference on

Chitin/Chitosan to pro
mote research that will

turn this abundant sub
stance into a valuable raw

material. As scientists
succeed, companies like
the Hunt Crabmeal Com
pany can organize and
operate regional chitin and
chitosan production plants,
turning waste to beneficial
use.



'A management system
for the coastal zone

provides only a frame
work within which de

velopment may take
place. The full poten
tial of the coastal zone

will be realized only

MANAGING THE

COASTAL ZONE

Groundwater Management

Sea Grant research supplies
communities with infor
mation that helps them to
make difficult, frequently
complex choices. Profes
sor John L. Wilson is cre
ating a computer model of
the groundwater resources
(aquifers) of Martha's
Vineyard that will allow
residents of that island and
other islands and penin
sulas to assess the impact
of population increase and
industrial development on
underground freshwater
supplies.

Underground seawater
contamination has long
plagued coastal communi
ties, and though models
exist for mainland fresh
water assessments, they
cannot be applied to the
unusual underground
geometry of islands and
peninsulas. Martha's Vine
yard itself, though con
tinuously growing, has not
yet been affected by salt
water intrusion, but pre
dictions that the island
will experience an increase
in permanent population
of up to 60 percent makes
it essential for the com
munity to start planning
for further demands on its
resources.

when science and tech

nology are coupled
with imagination and
sound management to
make existing uses
more efficient and to

introduce new bene

ficial uses."

Professor Wilson's model
draws upon data collected
by the U.S. Geological
Survey and enables the
community to "look at"
the current behavior of

the natural aquifers, or
natural storage units, be
neath the island. Then,
through calculations that
locate the water table and
the boundary between the
salt- and freshwater co
existing in the aquifer, the
model can be used to show

what effect future fresh
water extractions will have.

According to Professor
Wilson, the boundary is
maintained by the contin
uous flow of freshwater
moving from higher eleva
tions to sea level. If too

much of the freshwater is

removed, the flow can be
slowed, allowing the sea
water to move upwards.

Engineers and planners
using this model will be
able to predict the effect
of development on pond
levels and tidal water sup
plies for an entire area, not
just site by site. Residents
of Martha's Vineyard and
other islands and penin
sulas can then estimate-

how much growth they
can absorb without en
dangering their ground
water resources.

Structures and Shoreline

Recreation areas are lost,
homes endangered, barrier
beaches destroyed, and
harbor openings threatened
as the shoreline shifts and

changes with the transport
of sand from place to place.

Sea Grant is concerned
with helping coastal com
munities predict the ef
fects of structures—such as

groins and jetties, sewage
plants, or port facilities—on
the existing shoreline be
fore development plans
are carried to fruition.
Professor Ole S. Madsen,
of MIT's Civil Engineering
Department and the Third
Henry L. Doherty Pro
fessor in Ocean Utilization,
is organizing a simple
model that estimates the
rate of sediment transport
parallel to the shoreline as
a function of the angle and
height of waves, the slope
of beach, the speed of
currents, and the grain size
of sand. This new tool will
help government and in
dustry to locate and design
structures that will con

form to the natural en
vironment, not change it.

A new instrument system
is being developed to mea
sure velocity and surface
elevation in the surf zone,
which will enable engineers
to make decisions on

quantitative information.
By contributing fundamen
tal knowledge about the
marine environment, this
Sea Grant project ensures
that more careful, con
sidered judgments can be
made in developing U.S.
coastal resources in future
years.
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"A time of decision is here. Multiple pressures
force the Nation to turn to the sea, and multiple
opportunities await the seaward turning. The
time of decision is not for the Federal govern
ment alone, although Federal leadership is essen
tial. State and local governments, industry,
academic institutions and the American people
must share in decision and action."
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Throughout its history,
America has depended on
the optimism, confidence
and initiative of private
enterprise to develop the
country's abundant re
sources on land. And again,
as the nation turns to its
last frontier, the oceans,
the burdens and the oppor
tunities for recovering
minerals and food from
the seas have fallen, in
large measure, on the
shoulders of business and
industry. At the same time,
the oceans are commonly
owned, with few bound
aries and no fences to
stake out individual ter
ritory for private use. Sea
Grant is charged by the
government to help re
solve the conflicts of multi

ple demands placed on
iimited resources, while
promoting the growth
and vitality of ocean-
related businesses.

In meeting its obligations,
MIT Sea Grant Program
must be keenly aware of
what problems or conflicts
require resolution. And
when solutions have been
found, the answers must
be disseminated in a timely
fashion to the people who
can apply them. This in
formation exchange is the
function of the advisory
services component of Sea
Grant.

It is one of the Program's
unique and strengthening
features that we ask our
constituents, the final users
of Sea Grant research, to
participate and contribute
expertise and experience
throughout every stage of
a project, from initiation
to application. This special
partnership assures that
the research is targeted at
real problems and facili
tates the dissemination of
the results.

Many decisions that will
help the nation as a whole
to profit from long-term
ocean and coastal resource
management are made
politically, at local, state
and federal levels. Sea
Grant's advisory services
provide the mechanism for
promoting the public's
interest and involvement
in the process. Technical
reports, conferences, arti
cles in trade and public
media are just a few of
the methods used as ad

visory services continuous
ly publish, publicize and
look for new ways to en
courage the interest of all
American citizens in

marine resource develop
ment.



"Although land-based
activities will continue

to dominate the econo

my for many years to
come, new and ex
panded ocean indus
tries offer some of the
Nation's most inviting
opportunities for eco
nomic growth."

MIT/MARINE
INDUSTRY COLLEGIUM

Through the MIT/Marine
Industry Collegium, com
panies of national and
international stature share
in and profit from Sea
Grant's marine research

and ocean-oriented activi
ties. The Collegium, es
tablished in 1975, has just
completed its third year of
promoting commercial
development and applica
tion of new marine tech
nologies.

In 1977-78 over 90 mem
ber organizations partici
pated, blending the practi
cal perspective of business,
the broad overview of

government, and the
special scientific concerns
of researchers. They met
four times to discuss well-
documented surveys pre
pared by the Collegium
staff. The surveys, known
as Opportunity Briefs,
review research that could
lead to new markets, new
products, or could solve
existing design, construc
tion, or regulatory prob
lems.

January 1978 was the first
time a research project
completed by a Collegium
member was the focus of a
workshop. Under the De
partment of Energy, the
Dynatech Research and
Development Corporation
led a study team of scien
tists from four Sea Grant
schools in assessing the
technical and economic
potential of growing algae
biomass as a future energy
source.

Three other workshops
addressed a range of prob
lems of interest and con
cern to the marine indus
try. "Deep Ocean Mineral
Mining: A Computer
Model for Investigating
Costs, Rates of Return,
and Economic Implica
tions of Some Policy
Options," brought repre
sentatives from the U.S.
Department of State and
Department of Commerce
together with Collegium
members to discuss govern
ment regulations and treaty
agreements that will affect
companies recovering man
ganese nodules from inter
national waters. A collab
orative research effort of
faculty and students from
MIT, the University of
Michigan, and the Univer
sity of Colorado was the
topic of the May meeting
on "Computer-Aided Pre
liminary Design of Ships."

Members involved in con
structing, monitoring, and
maintaining offshore facili
ties joined Professor J. Kim
Vandiver to discuss his
research on "Vibration Re
sponse and the Structural
Integrity of Deepwater
Structures." Professor Van
diver, who holds one of the
Henry L. Doherty Profes
sorships in Ocean Utiliza
tion, awarded each year by
Sea Grant to encourage tal
ented, imaginative junior
faculty members, gained
access to valuable, proprie
tary industry information
during the Collegium meet
ing. By encouraging this
kind of interaction, we
hope to advance research
that will benefit industry
and the nation.

'The Commission rec

ommends that the

National Oceanic and

Atmospheric Adminis
tration establish a

strong scientific and
technical information

and extension program
to meet industry and
other civil needs."

EXTENSION SEA GRANT

ADVISORY PROGRAM

Many decisions in resource
management are made at a
local level in communities
and towns along the coast
of Massachusetts. Sea
Grant serves these citizens

through the Extension Sea
Grant Advisory Program
(ESGAP), a joint project
that utilizes the resources

of MIT and the University
of Massachusetts.

Close liaison with state

and town governments,
with community colleges,
and with the many busi
nesses keeps Sea Grant at
tuned to the needs of
Massachusetts residents.

Workshops and confer
ences, organized in con
junction with state govern
mental agencies and with
other Sea Grant programs,
have promoted the applica
tion of research results to
serious state-wide and re
gional problems.

During this past year,
ESGAP sponsored meet
ings that allowed our New
England constituents to
consult with business and
research experts on some
of the region's critical con
cerns. "Northeast Clam
Industries: Management
for the Future" brought
together representatives
from three groups, the
shellfish industry, govern
mental regulatory agencies,
and university researchers,
to forge a plan, that would
be mutually acceptable for
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22 managing one of the re
gion's most important fish
eries. New research and in
formation sources were in
troduced at the "Barrier
Beach Management Work
shop" and the "Waterfront
Development Conference."
Marina owners, who
suffered financial losses
from ice damage during
the severe 1976-1977
winter, discussed preven
tive design considerations
and technology with re
searchers from the Uni
versity of Wisconsin Sea
Grant Program, the Cold
Regions Research and
Engineering Laboratory, as
well as engineers and pro
duct experts from private
industry at a November,
1977 meeting.

One of the most substan
tial concerns of Mas
sachusetts^ coastal resi
dents is erosion which

threatens many homes and
recreational areas. In 197 7-

1978, MIT Sea Grant's
coastal engineer presented
a slide-tape show describing
various effective, economi
cal control systems to
homeowners and conser

vation commissions.

One erosion control tech
nique, created by re
searchers for application
in the Chesapeake Bay, is
being tried in several loca
tions on Cape Cod, under
MIT Sea Grant surveil
lance. The method, which
uses plastic bags, called sill

bags, to raise or perch the
beach as sand builds up
behind and in front of the
bags, may not be adequate
in the active, exposed en
vironment of the Mas
sachusetts coastline. A final
assessment will not be

made, however, until a
thorough monitoring pro
gram has been completed,
and the results evaluated in
late 1979.

The Sea Grant Advisory-
Service staff facilitates the
interaction between MIT

researchers and Mas

sachusetts constituents. In
the past year they played a
critical role in the develop
ment of the dogfish skin
ning machine and the test
ing of a new trawl door for
the fishing industry. Plan
ning tools —for assessing
the effect of population
growth on the ground
water resources of Martha's
Vineyard, and for revitaliz
ing the Hyannis waterfront
—will be completed and
the results disseminated
with the assistance of
ESGAP agents.

SEA GRANT LECTURE

The Annual Sea Grant

Lecture is sponsored each
year to highlight major
issues that demand the at
tention and study of, not
only the scientific com
munity, but all citizens.
Technology is only one
part of resource develop
ment. Decisions that have
far-reaching consequences
arc made by voters in local,
state, and national elec
tions, by owners of private
property and business, and
by regulatory agencies in
the federal governments.

In the 1977 Lecture, Con-
gresswoman Yvonne B.
Burke of California, in her
lecture, "The Seas and
Waterways —The New
Frontier," discussed several
issues of national and in
ternational concern: rati

fication of the Panama
Canal Treaties, "flag-of-
convenience" ship registry,
and safety standards re
quired to prevent oil pol
lution in the oceans. An

expert panel responding
to Congresswoman Burke
and the audience included

Mr. Erling D. Naess, Chair
man, International Associa
tion of Independent
Tanker Owners; Paul E.
Atkinson, President, Sun
Shipbuilding and Dry
Dock Company; A. Douglas
Carmichael, Professor of
Power Engineering, MIT
Department of Ocean
Engineering; and John P.
Sheffey, Colonel (ret.),
Executive Vice President
of the National Association

for Uniformed Services.
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COMMUNICATIONS/
INFORMATION

SERVICES

A complement to the
Marine Industry Advisory
Services and the Extension
Sea Grant Advisory Pro
gram, the Communications
and Information staff pub
lishes reports describing
the results of MIT Sea
Grant research and trans

lates technical information
into forms more easily use
able by Sea Grant's
constituents.

The Marine Resource In
formation Center in the
Sea Grant offices main

tains a collection of re
ports and publications
from MIT, and all other
Sea Grant programs. Jour
nals and newsletters cover

ing current marine issues
are available. And in ad
dition, topic files, indexes,
abstracts, and biblio
graphies on oceanography,
land-use planning, ports,
fisheries, water quality
control, coastal processes,
and environmental regula
tions arc useful reference
sources available through
the Center.
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As the opportunity and
need arise, the Communi
cations/Information staff
prepares, publishes and
distributes guides to infor
mation sources, proceed
ings of important con
ferences, and reports on
program activities. The
annual MIT Marine-Related
Research Directory guides
constituents to the current
work at the Institute; a
directory to MIT Sea
Grant's publications from
1970-1977 reports on the
body of information avail
able through the Program.

Communications/Informa
tion helps to fulfill the
Congressional mandate
and the Stratton Commiss-
sion recommendation that
Sea Grant maintain and

encourage a continuous
flow of information be

tween the Program and all
groups involved in ocean
and coastal resource

development.

RESEARCH VESSEL

EDGERTON

MIT's Research Vessel
EDGERTON, maintained
under the direction of the
Sea Grant advisory sendee
Marine Liaison Officer, is
available through charter
to researchers from the
Institute, industry, and
other universities who
need to gather data or to
test equipment at sea.
Compact by research vessel
standards, the 65-foot, 90-
ton ship is designed for
small groups who require
an economical and flexible
oceangoing work platform.
The EDGERTON, out
fitted and maintain by the
Institute, is used for ocean-
ographic and ocean en
gineering research along
the New England coast
and in deeper waters on
the continental shelf.

23





m^-

EDUCATION



26

"The primary need in Government support of
education and training is to assist in acquiring
necessary facilities; initiating new curricula for
midcareer training; and meeting specialized man
power needs in marine engineering, technician
training, and the social sciences."

'Flic world is becoming in
creasingly aware that water
is a substance not only
indispensable for all of
life's activities, but also of
extraordinary complexity,
requiring the greatest un
derstanding and respect.
Both Congress, in estab
lishing the National Sea
Grant College Program,
and the Stratton Com
mission, in setting forth a
marine resource develop
ment plan, wisely recom
mended that new pro
grams be inaugurated for
educating and training
professionals to work in
the marine field. MIT Sea
Grant has continuously
expanded and refined
educational courses for
students at the Institute.
In recent years, we have
also created educational
curricula for professionals
outside MIT.

In 1977-78, with the en
couragement and support
of Congress, we extended
the reach of our educa
tional component even
further, to encompass
students in other univer
sities and in elementary
and secondary schools. As
the nation and the world
have turned seaward, it has
become apparent that
critical decisions will have
to be made. By educating
people of all ages to ap
preciate the power and fra
gility of water, we hope to
promote the wise and
balanced uses of both
fresh and oceanic marine
resources.



OCEAN ENGINEERING

MIT's educational philo
sophy rests on the premise
that the most effective
method for teaching
science and engineering is
to involve students in re
search and technology de
velopment. Therefore,
students are asked to work

side by side with faculty
researchers in all Sea Grant

research. In addition, Sea
Grant support to the Insti
tute keeps the ocean en
gineering curriculum cur
rent, reflecting the con
stantly changing and evolv
ing advances in this rela
tively new discipline. In
formation and research

from Sea Grant projects
are incorporated into
MIT's ocean engineering
curriculum, and the Insti
tute, in return, introduces
new subjects relevant to
identified Sea Grant con
cerns. This partnership
produces scientists, en
gineers, and teachers quali
fied to assume the respon
sibilities for future plan
ning and development of
the ocean's living, mineral
and coastal resources.

Undergraduates partici
pate in the Ocean En
gineering Project Labora
tory to gain firsthand "at
sea" experience, creating
and adapting technology
for work in the seas. The
R/V EDGERTON allows
them to test equipment
under actual ocean con

ditions. Sea Grant sup
ports the development of
a course to train specialists
to site, build, monitor, and
maintain the complex
structures required for off
shore resource recovery.
Data which are being col
lected at present by Pro
fessor Erik H. Vanmarcke
of the Department of Civil
Engineering will be in
corporated into an inte
grated textbook on struc
tural forms, the effects of
loading on platform design
under wave, wind, and
seismic strains, considera
tions in marine soil ex
ploration, material and
design problems, and the
development of analysis
techniques. Courses in
these areas, taught in the
Department of Civil En
gineering, help give the
faculty experience in de
veloping the long-term
courses and textbooks
needed for future genera
tions of students.

INTERDISCIPLINARY

DESIGN COURSE

Students from many disci
plines, such as engineering,
economics, management,
political science, law, and
architecture, are encour
aged to participate in the
Sea Grant Interdisciplinary
Systems Design Subject.
The course not only gives
undergraduate and grad
uate students an opportu
nity to apply classroom
knowledge to real world
problems, but also teaches
them to integrate many
conflicting considerations
into the solution of a
broad, complex problem.

Each year, Professor
William Seifert identifies a
coastal community in New
England seeking Sea Grant
student assistance in
analyzing and devising
various planning options,
which would provide eco
nomic and aesthetic bene

fits to its residents. Com
pleted studies of
Gloucester, the Boston
South Shore, and Lynn are
being followed by an
assessment of many of the
urban problems in Hyannis,
Massachusetts. Data
gathered during 1978 will
be used by the students in
the Spring 1979 course to
create a set of recommen
dations that will help
citizens of this Cape Cod
community to make opti
mum use of its resources.
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28 PRE-UNIVERSITY

MARINE STUDIES

A disused army camp by
the ocean has been used
for the past ten years by
the New Bedford school
system as a summer Sea
Lab for teaching students
history, oceanography,
meteorology, physics,
chemistry, and biology in
the classroom, in labora
tories, on the beach, and
in the water. Started with
limited funds, but great
community and teacher
support, the Summer Lab
gained in popularity, with
increasing numbers of
students eager to partici
pate each year.

In 1977, the administra
tors of the Sea Lab turned

to MIT Sea Grant for
assistance to strengthen
their educational materials
and to expand the goals of
the program. During this
past year, New Bedford
teachers and Sea Grant

staff have developed a
scries of teaching mod
ules created around

basic questions on the
"world of water." During

the 1978 summer course,
students learned scienti
fic methods and im
proved analytical skills by
observing, analyzing, and
reporting natural marine
phenomena.

The educators arc develop
ing the curriculum material
by building, grade by
grade, new concepts and
skills. A fourth grader
learns about navigational
aids and lighthouses and
then, in the sixth grade,
studies how to use a sex
tant for celestial naviga
tion. By the ninth grade
the student is able to carry
out sophisticated water
quality studies employing
a number of techniques
and instruments that he or

she learned to use during
previous summers at the
Sea Lab. To date, the New
Bedford and Sea Grant
educators believe the ex
perimental modules have
been successful as learning
tools, and at the same time
have infused new vitality
into the teaching process
at the Lab. When a full
series of modules has been

carefully tested and evalua
ted, the materials will be
made available for use in
classrooms throughout the
country.

INTERCOLLEGIATE

MARINE EDUCATION

COURSE

In December 1977, MIT
Sea Grant began an investi
gation to see if it would be
possible and useful to de
velop an interdisciplinary,
intercollegiate marine
studies program in the
Boston area. The city
houses a great many aca
demic institutions, with an
array of courses and fac;
ulty expertise that, if co
ordinated, could offer
students an exciting,
unique, marine-oriented
educational opportunity.

An ad hoc committee and
several volunteer sub
committees, selected by
50 representatives from 27
Boston-area colleges and
universities, reported in
terest and enthusiasm for
creating a consortium to
offer a one-semester, three-
credit undergraduate
course that would discuss
the role of the marine and
aquatic environments in
our lives. Because the com
plexity of water defies
traditional disciplines,
studies of politics, econom
ics, music, art, literature
and the marine sciences
will all be incorporated
into the innovative course.

A major theme will be the
impossibility of under
standing the world of water
without a multiple perspec
tive, like the one offered
by this course. Team teach
ing will be used to inte
grate the many facets of
marine studies when the

course begins in the spring
of 1980.



CONTINUING

EDUCATION FOR

FISHERMEN

If the United States is to

derive the maximum eco
nomic benefits from its
fisheries, it must have a
modern fleet, run by men
and women with skills in
using new technology and
up-to-date management
methods. At the Mas

sachusetts Maritime Acade
my, Sea Grant helped to
establish elective courses
in fishery science, gear de
sign and use, and fishing
vessel operations designed
to motivate students to
enter the U.S. commercial
fishing industry as pro
fessionals.

Last year, the program
was expanded to give
active fishermen the op
portunity to improve and
develop new skills through
classes on piloting, aids to
navigation, equipment
maintenance, safety, and
business management. The
program was strengthened
in June of 1978 when
Governor Michael Dukakis
signed a bill committing
the state's financial sup
port for the training center.
This growing educational
program will result in im
proving the effectiveness
of New England's fishing
fleet in managing the
ocean's living resources.

SUMMER PROGRAMS

FOR PROFESSIONALS

Information on technical
progress in the marine field
is available to professional
engineers and scientists
from industry, government,
and universities through
courses sponsored by Sea
Grant during MIT's Special
Summer Program. Short,
intensive classes on scienti

fic, technical, and man
agement topics attract
people from around the
United States and abroad
during July and August.

In 1977 well-attended
courses dealt with Trans

portation Systems Manage
ment and Analysis; Air
Transportation; Port Plan
ning and Development;
Urban Transportation,
Issues and Techniques;
Freight Transportation;
Forecasting Transportation
Demand; Design and Con
struction of Offshore
Facilities; and New Fron
tiers in Welding Technology.
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Fiscal Year 1978

Institutional
Program
Summary

For year beginning
1 July 1977

PROGRAM

MANAGEMENT

Sea Grant Program Mr. D.A. Horn Continued project

Project Development
Opportunities

Mr. Horn Continued project

EDUCATION AND

TRAINING

Education and Training:
Development, Operation
and Management

Mr. E.R. Pariser New project

Interdisciplinary Systems
Design Subject

Professor W.W. Seifert Continued project

Ocean Engineering Project
Laboratory

Dr. I. Dyer Continued project

Development of a
Commercial Fisheries

Mr. A.B. Clifton
Mr. D.M. Kan

Continued project

Training Program

State-Industry Sea Grant
Internship

Mr. Horn

Dr. Dyer
Continued project

Development of an
Integrated Course on
Offshore Structures

Professor E.H. Vanmarcke New project

Development of Teaching
Materials for Pre-University
Marine Education

Mr. Pariser New project

ADVISORY

SERVICES

Advisory Services:
Development, Operation
and Management

Mr. Pariser Continued project

MITSG/CES Marine
Extension Service

Mr. Pariser
Dr. J. Noyes

Continued project

Marine Industry
Advisory Service

Mr. N. Doelling Continued project

Sea Grant Communica
tions/Information Service

Ms. E. Harding Continued project

Annual Sea Grant Lecture

Public Education and
Training Short Courses

Computer Program
Dissemination

Sea Grant Independent
Activities

Development of a Guide to
Information Sources in the
Field of Offshore
Engineering

Dr. A.A.H. Keil

Professor J.M. Austin

Professor J. Connor

Mr. Clifton

Ms. M. Chryssostomidis

Continued project

Continued project

Continued project

New project

Continued project



RESEARCH

The Hydrodynamic and
Engineering Evaluation of
an Ocean Wave Energy
System

Development of Joining
and Cutting Techniques
for Deep Sea Applications

Application of
Teleoperators

Exploration and Evaluation
of Engineering Properties
of Marine Soils for Founda
tion Design of Offshore
Structures

Enhancement of the
of Common Polymeric
Materials against Under
sea Degradation

Dynamic Analysis of Off
shore Structures

Offshore Geotechnical
Risk Analysis

Laser Inertial Rotation
Sensor for a Portable
Navigation System

Oil Slick Control in the
Offshore Environment

Study of a Cost Model
of Deep Ocean Mining

The Effect of Oil Com
position and Physical Pro
perties and the Ambient
Water on Oil Slick
Dispersion

An Improved Trawl
Board for the New
England Fishing Fleet

Chemical and Structural
Characterization of Chitin
and Chitin Derivatives for
Industrial Application

Development of a Process
for Skinning the Spiny
Dogfish Shark

The Role of Trace Metals
on New England Red Tides

Longshore Sediment
Transport

Analysis of Offshore Brine
Disposal Techniques

Surf Zone Hydrodynamics:
A Field Investigation

Sea Water Intrusion in
Offshore Islands

Professor C.C. Mei
and A.D. Carmichael

Professor K. Masubuchi

Professor T.B. Sheridan

Professors M.M. Baligh
and C.C. Ladd

Professors R.G. Donnelly
and R.E. Cohen

Professor J.K. Vandiver

Professor G.B. Baecher

Professor S. Ezekiel

Professor J.H. Milgram

Professor J.D. Nyhart

Professor Donnelly

Professor J.K. Vandiver
and Mr. A.B. Clifton

Continued and completed
project; report will be
published

Continued project

Continued project

Continued and completed
project; report will be
published

Continued project

Continued and completed
project; report will be
published

New project

New and completed
project; report will be
published

Continued and completed
project; report will be
published

Continued and completed
project; additional report
will be published

New project

Continued and completed
project; report will be
published

Professor B.L. Averbach Continued project

Professors D.G. Wilson
and C.K. Rha

Professor F.M.M. Morel

Professor O.S. Madsen

Professor K.D.
Stolzenbach

Professor Madsen

Professor J.L. Wilson

Continued and completed
project; report will be
published

Continued project

Continued project

Continued project

Continued project

New project
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Publications

32 ADVISORY SERVICES

Vibration Response and
the Structural Integrity
of Deepwater Structures
MIT/Marine Industry
Collegium

Opportunity Brief 10.
MITSG 78-10.

Massachusetts Institute
of Technology,
Cambridge, Massachusetts

The Economics and

Engineering of Large-Scale
Algae Energy Biomass
Systems
MIT/Marine Industry
Collegium

Opportunity Brief 11.
MITSG 78-11.
Massachusetts Institute

of Technology,
Cambridge, Massachusetts

Deep Ocean Mineral
Mining
MIT/Marine Industry
Collegium

Opportunity Brief 12.
MITSG 78-12.

Massachusetts Institute

of Technology,
Cambridge, Massachusetts

Computer-Aided
Preliminary Design of
Ships
MIT/Marine Industry
Collegium

Opportunity Brief 13.
MITSG 78-13.

Massachusetts Institute
of Technology,
Cambridge, Massachusetts

The Proceedings of the
First International

Conference on Chitin/
Chitosan
Pariser, E.R. and
R.A.A. Muzzarclli

MITSG 78-7.
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

The Seas and the

Waterways:
The New Frontier; Pro
ceedings of the 6th Annual
Sea Grant Lecture and

Symposium

MITSG 78-1

Massachusetts Institute

of Technology,
Cambridge, Massachusetts

A Report on the Mas
sachusetts Institute of

Technology Sea Grant
College Program

MITSG 78-2.
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

Directory of MIT Sea Grant
Program Publications
1970-1977

MITSG 78-6.
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

Marine-Related Research

at MIT: 1978

Passero, B.

MITSG 78-9

Massachusetts Institute

of Technology,
Cambridge, Massachusetts

Offshore Petroleum

Engineering: A Biblio
graphic Guide to Publica
tions and Information

Sources
Chryssostomidis, M.

MITSG 78-5.
Nichols Publishing
Company, New York,
N.Y.

Landscaping the
Seashore Cottage
Extension Sea Grant

Advisory Program

Marine and Coastal
Facts No. 4. University
of Massachusetts,
Amherst, Massachusetts

Theft-Proofing Boats
Extension Sea Grant

Advisory Program

Marine and Coastal
Facts No. 5, University
of Massachusetts,
Amherst, Massachusetts



LIVING RESOURCE

DEVELOPMENT

The Processing of
Chitosan Membranes

Averbach, B.L. and
R.B. Clark

MITSG 78-14.
Massachusetts Institute

of Technology,
Cambridge, Massachusetts

The Processing and
Properties of Chitosan
Membranes

Clark, R.B.

M.S. Thesis, Department
of Materials Science
and Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts
1978

Copper Sensitivity of
Gonyaulax tamarensis
Anderson, D.M. and
F.M.M. Morel

MITSG 78-15J. Reprinted
from Limnology and
Oceanography, 1978.

Potentiomctric Determina
tion of Copper Complexa-
tion by Phytoplankton
Exudates

Swallow, K.C.J.C.
Westall, D.M. McKnight,
N.M.L. Morel, F.M.M.
Morel

MITSG 78-19J. Reprinted
from Limnology and
Oceanography, 1978.

Potential Importance of
Benthic Cysts of Gonyau
lax tamarensis and G.

excavata in Initiating
Toxic Dinoflagellatc
Blooms

Anderson, D.M. and
D. Wall

MITSG 78-20J. Reprinted
from Journal of
Phycology, 1978.

The Seeding of Two Red
Tide Blooms by the
Germination of Benthic
Gonyaulax tamarensis
Hypnocysts
Anderson, D.M. and
F.M.M. Morel

Journal of Estuarine
and Coastal Marine

Science. In press, 1979.

Toxic Dinoflagellatc
Blooms in the Cape Cod
Region of Massachusetts
Anderson, D.M. and
F.M.M. Morel

Proceedings of 2nd
International Conference,
Toxic Dinoflagellatc
Blooms, Elsevier-North
Holland In press, 1979.

The Role of Chelators
and Trace Metals in Toxic-

Blooms
Anderson, D.M. and
M. Corbett.

Proceedings, 2nd
International Conference,
Toxic Dinoflagellatc
Blooms. Elsvier-North

Holland. In press, 1979.

Chemical Characteristics

Affecting the Initiation,
Development, and Distri
bution of Toxic Dinofla

gellatc Blooms in New
England
Anderson, D.M.

Ph.D. Thesis. Department
of Civil Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts
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34 OFFSHORE RESOURCE
DEVELOPMENT

A Cost Model of Deep
Ocean Mining and Asso
ciated Regulatory Issues
Nyhart,J.D., L.
Antrim, A. Capstaff,
A. Kohler, and D. Leshaw

MITSG 78-4.
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

An Experimental Study
and Engineering Evalua
tion of the Salter Cam
Wave Energy Converter
Carmichael, A.D.

MITSG 78-22
Massachusetts Institute

of Technology,
Cambridge, Massachusetts

Characteristics of Salter
Cam for Extracting Energy
from Ocean Waves
Mynett, A.E., D.D.
Serman, C.C. Mei

MITSG 78-21J. Reprinted
from Applied Ocean
Research, January 1979.

The Feasibility of Wave
Energy Converters
Baux,J.F.P.

M.S. Thesis, Department
of Ocean Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

Economic Feasibility of
Cam-Type Wave Power
Generators

Bisceglia, S.V.

M.S. Thesis, Department
of Ocean Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

Performance of a Salter
Rocking Cam-Type Wave
Energy Extractor —An
Experimental Evaluation
Davis, N.B.

M.S. Thesis, Department
of Ocean Engineering,
Massachusetts Institute

of Technology,
Cambridge, Massachusetts

Predictions of Power
Production by a Cam-Type
Wave Energy Converter for
Various Locations

Dinwell, R.E.

M.S. Thesis, Department
of Ocean Engineering,
Massachusetts Institute

of Technology,
Cambridge, Massachusetts

Theory of Salter's
Wave Energy Device in
Random Seas

D. Serman

M.S. Thesis, Department
of Civil Engineering,
Massachusetts Institute

of Technology,
Cambridge, Massachusetts

Numerical Methods in

Water-Wave Diffraction
Mei, C.C.

MITSG 78-17J. Reprinted
from the Annual Review

of Fluid Mechanics.

Equivalent Parameters in
Soil Profile Modeling
Baecher, G.B. and
T.S. Ingra

Specialty Conference
on Structural and
Geotechnical Reliability,
ASCE.

Performance of Founda
tions on Cohesionlcss Sands
Ingra, T.S.

M.S. Thesis, Department
of Civil Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

Underwater Stud Welding
Masubuchi, K. and II. Ozaki

Oceans '78 Conference,
Marine Technology
Society, September 1978.

Development of Techniques
for Deep-Sea Welding
Simulation and Study
Prasad, S.

M.S. Thesis, Department
of Ocean Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

Underwater Welding in
the Deep Sea
Erickson, D.

M.S. Thesis, Department
of Ocean Engineering,
Massachusetts Institute

of Technology,
Cambridge, Massachusetts

Applications of Arc Stud
Welding for Deep Sea
Salvage Operations
Kataoka, T.

M.S. Thesis, Department
of Ocean Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

Underwater Fabrication

and Construction Systems
Iimura, O.

M.S. Thesis, Department
of Ocean Engineering,
Massachusetts Institute

of Technology,
Cambridge, Massachusetts



MANAGING THE

COASTAL ZONE

Lynn Harbor: Planning
for Coastal Development
Rosenbaum, L.T.

MITSG 78-3.
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

A Longshore Current Model
Madsen, O.S.,
D.W. Ostendorf, and
A.S. Reyman

MITSG 78-16J. Reprinted
from Proceedings of
Coastal Zone '78,
ASCE Vol. 3, 1978.

A Note on Mass Transport
in Deep Water Waves
Madsen, O.S.

MITSG 78-18J. Reprinted
from the Journal of
Physical Oceanography,
November 1978.

Wave-Induced Pore
Pressures and Effective
Stresses in a Porous Bed
Madsen, O.S.

Geotechnique,
December 1978.

Longshore Sediment
Transport: A Review
Greer, M.N. and
O.S. Madsen

Proceedings of the 16th
Conference of Coastal
Engineers, Hamburg,
August 1978.

A Longshore Current Model
Ostendorf, D.W.

M.S. Thesis, Department
of Civil Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

ONSHORE/OFFSHORE
POLLUTION

Crisis Science: Investiga
tions in Response to the
Argo Merchant Oil Spill
Pollack, A.M. and
K.D. Stolzenbach

MITSG 78-8.
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

The Clcan-Up of Oil Spills
from Unprotected Waters:
Technology and Policy
Milgram, J.

Oceanus,
November 1977.

Mechanics of a Restrained
Layer of Floating Oil
Above a Water Current
Milgram, J. and
R. Van Houten

Journal of Hydrodynamics
July 1978.

The Role of Physical
Studies Before, During
and After Oil Spills
Milgram, J.

University of Rhode
Island Symposium, In
The Wake of the Argo
Merchant, January 1978.

Dispersion Zone Character
istics of Ocean Discharges
Gaboury, D.R.

M.S. Thesis, Department
of Civil Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

Design Criteria for
Submerged Discharges of
Dense Effluents
Tong, S.S.

M.S. Thesis, Department
of Civil Engineering,
Massachusetts Institute
of Technology,
Cambridge, Massachusetts

35



36

Summary of
Expenditures by
Activity

University
NOAA Matching
Grant Funds Funds

Program Program Administration $ 91,000 $137,422
Management

Program Development 35,400 19,430

Marine Education College Level 39,900 109,780

and Training
Vocational Marine
Technical Training

42,000 47,252

Other Education 29,100 90,968

Socio-Economic Marine Economics 72,500
and Legal Studies

Marine Resource Marine Extracts—Other 43,600 19,643

Development

Marine Technology
Research and
Development

Ocean Engineering

Sea Floor Engineering

163,700

37,000

111,553

10,000

Materials and Structures 37,500 31,597

Commercial Fisheries 46,700 25,068

Marine Pollution—Oil Spills 57,000 16,469

Environmental
Research Environmental Models-

Physical Processes
180,900 80,718

Biological Processess 56,000 38,627

Advisory Services Extension Programs 248,800 108,887

Other Advisory Services 90,000 8,000

National Projects Forcing Function Near-
shore Velocity

29,000 *

Total $1,300,100 $855,414

This summary is only approximate. In accordance with
Federal grant requirements, the official financial report
will be submitted by the MIT Comptroller to the Office
of Sea Grant

♦National Projects—matching not required



PARTICIPANTS AND 37
CONTRIBUTORS

Fishing Industry Support-Massachusetts
Fugro Geotechnical Consultants-Holland
Henry L. and Grace Doherty Charitable Foundation Inc.
International Copper Research Association
Ishikawajima—Harima Heavy Industries, Co., Ltd.
Kawasaki Heavy Industries
Massachusetts Institute of Technology
Massachusetts Maritime Academy
Marine Industry Advisory Services Collegium Members
New England Aquarium
New England Fisheries Steering Committee
Rockefeller Foundation
Sea Grant Lecture Endowment Funds
Sun Shipbuilding and Dry Dock Company
University of Massachusetts
Westerbeake Fishing Gear Company-Boston
Wharf Forging and Welding-Boston
Woods Hole Oceanographic Institute



38 MIT/MARINE INDUSTRY COLLEGIUM
MEMBERSHIP 1977-1978

Akzona, Inc.
American Cyanamid Company
The Anaconda Company
Aquatec International, Inc.
Arcair Company
Arthur D. Little, Inc.
Avco Everett Research Laboratory, Inc.
Beatrice Foods Company
Becton, Dickinson Research Center
Bell Aerospace Textron
Bell Laboratories
BOC Limited
Bolt Beranek & Newman, Inc.
Boston Edison Company
Campbell Soup Company
Castle & Cook, Inc.
Caterpillar Tractor Company
Celanese Research Company
Central Research Laboratories, Inc.
Chevron Research Company (Standard Oil Company of California)
Combustion Engineering, Inc.
Compass Publications, Inc.
Consolidated Controls Corporation
Continental Oil Company
Deepsea Ventures, Inc.
The DeLaval Separator Company (Alfa-Laval)
Digicourse, Inc.
Dow Chemical Company
Dravo Corporation
E.I. du Pont de Nemours Company, Inc.
Dynatech R/D Corporation
E G & G, Inc.
Environmental Devices Corporation
Exxon Research & Engineering Company
Foxboro/Trans-Sonics, Inc.
General Dynamics (Electric Boat Division)
General Electric Company, Industrial/Marine Steam Turbine Operations
General Electric Company, Re-Entry/Environmental Systems
Getty Oil Company
Goodyear Aerospace Corporation
Gould, Inc.
Grumman Aerospace Corporation
Gulf Oil Company
Harbor Branch Foundation, Inc.
Hart Corporation
Hercules, Inc.
Honeywell Inc.



IHC Holland (IHC SMIT BV) 39
Imperial Chemical Industries Ltd.
International Proteins Corporation
International Underwater Contractors, Inc.
InterOcean Systems, Inc.
ITT Cable—Hydrospace Division
JBF Scientific Corporation
Kennecott Copper Corporation
Liberty Mutual Insurance Company
Litton Industries, Ingalls Shipbuilding Division
Lockheed Missiles and Space Company, Inc., Ocean Systems
Lone Star Industries Inc.
Lord Kinematics
MacLaren Atlantic Ltd.
Marathon Oil Company
Marine Colloids, Inc.
Maritime Administration
Massachusetts Science and Technology Foundation
Massport
Mitsui & Company, Ltd.
Mobil Research and Development Corporation
Montedison S.p.A.
MTS Systems
Naval EOD Facility
New England Power Company
Oceaneering International, Inc.
The Plessey Company Limited
Raytheon Company, Submarine Signal Division
RCA Corporation
Rockwell International Corporation
Sanders Associates, Inc.
Sea Land Services, Inc. (R.J. Reynolds)
Spar Aerospace Products Ltd.
Sperry Marine Systems
Standard Oil Company of Indiana
The Stanwick Corporation
Stone & Webster Engineering Corporation
Sun Shipbuilding & Dry Dock Company
Swedish Industrial Development Corporation
Tecnomare S.p.A.
Texaco,Inc.
Thermo Electron Corporation
TRW, Inc.
Unilever Ltd.
Union Oil Company of California
U.S. Coast Guard
United Technologies Research Center
Westinghouse Electric Corporation, Oceanic Division
Woodward-Clyde Consultants
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Mr. Dean A. Horn
Director
Senior Lecturer
MIT Department of Ocean
Engineering

Dr. Jerome J. Connor, Jr.
Director of Sea Grant
Research

Professor
MIT Department of Civil
Engineering

Mr. E.R. Pariser
Associate Director for
Education Coordination
Senior Research Scientist
MIT Department of
Nutrition and Food Science

Mr. Norman A. Doelling
Manager of the Marine
Industry Advisory Service

Mr. Arthur B. Clifton
Manager of the
Massachusetts Marine
Liaison Service

Ms. Elizabeth T. Harding
Manager of the Marine
Communications/
Information Service

Mr. Lawrence B. McKinnon
Administrative Officer

Dr. Alfred A.H. Keil
Chairman

Sea Grant Policy
Committee
Chairman
Sea Grant Faculty Council
Ford Professor of
Engineering

Mrs. Jeptha H. Wade
Chairman
Sea Grant State-Industry
Advisory Council
Private Citizen
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