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Letter from the
Director

Congress established the National Sea
Grant Program In 1966 to foster the wise
and balanced use of marine and coastal
resources. MIT's Sea Grant Program Is
one of 29, Each is universitly based and
commitied to serving national and local
constituencies in the marine community
through research, education and
advisory services.

Sea Grant's research is principally
applled, focusing on specific problems,
limited in duration, and often
multidisciplinary. Student participation
in projects is not only educational for
them, but brings to the research a
freshness and an inquisitive
enthusiasm. Sea Grant public education
fosters in people of all ages an
awareness of water and its impact on
their lives. Advisory services connect
the universily base of Sea Grant to
those citizens in the marine community
who need the Information and can apply
research results to existing
opportunities and problems.

The past ten years, in which MIT has
operated a formal program as partof a
national network, have seen many
changes, evoiving opportunities and
myriad accomplishments. With major
support and encouragement from the
National Office of Sea Grant and
malching support and participation
from MIT, stale and local governments,
marine industries, and cilizen’s groups,
MIT Sea Grant has been helping lo
make ocean resource utilization more
efficlent, coastal waters cleaner,
offshore exploration safer and more
economical, and onshore development
conform more closely to natural
processes. The program'’s contributions
were rewarded in December of 1976
when MIT was made a Sea Gran!
College~the first private school to be
so designated—an honor bestowed by
the U.S. Department of Commerce
through the National Oceanic and
Atmospheric Administration.

The Program's first two directors, Alfred
A.H. Kell, Ford Professor of Engineering
Emeritus, and ira Dyer, Head of the
Department of Ocean Engineering,
gulded the Program from 1870 through
1975. In the early years, many projects
originated in Ocean Engineering, an
important Institute source of marine
research. Currently many departments
and cenlers are involved in Sea Grant
sponsored research and education
activities, including facuity and
students from the Depariments of Civil
Engineering, Mechanical Engineering,
Electrical Engineering and Computer
Sclences, Chemical Engineering,
Nutrition and Food Sclences, Biology,
and from the Sloan School of
Management and the Nuclear Reactor
Laboratory.

In this report, we are taking an
abbreviated look at Sea Grant's ten
program years at the Institute. A
sampling of projects lllustrates how all
segments of the community can
cooperate 1o solve marine-related
problems and lake advantage ol
Industrial opportunities. At the report’s
end, a summary of publications,
projects, participants, and expendilures
looks specifically at the 1979-1980

program year.

Dean A. Horn
Director
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Coastal Zone

The beauties of the coastal zone have
drawn more than fifty percent of the
country’s populations lo a narrow
strand of land directly bordering the
s0a. Some resulls have been good:
more jobs and services; more people
experiencing the pleasures of the ocean
environment. On the other hand, rapid
development has not given some
communities lime to choose how to
best use the shorefront, with the
unfortunate result of overcrowding,
marshland destruction, and reduced
public access.

At present there is growing interestin
planning growth and in using advances
in computational technology to forecast
the effect of development and varlous
land-use schemes. MIT's students and
faculty, working with Sea Grant's

services, have helped in the
past decade to solve specific communi-
ty problems and to provide models that
have applications worldwide.

Managing
Boston Harbor's Fulure

In May of 1980, residents and visfors lining
the wateriront glimpsed the past when the
Tall Sheps sailed ino Boslon's large and
picturesque harbor. Once one of the most
important poris in the country, today's
harbor presents a aflerent face. Physically
and politically it is dvided; an outer harbor
stretches from the tip of Revere 10 the tip of
Hull, and an inner harbor is the densely
populated Boston metropolitan waterfront
area.

Most of the changes and now aclivities are
occurmng in the inner narbor where old
warehouses have become restaurants,
shops, galleries and residences, once
bustling wharves have gone out ol use and
many are delenorating. some of the more
tragdional economic opportunities the
harbor had offered are gone, replaced by
some new onas. and recreational areas,
excepl for the waterfront park, are rarely to
be found. In the rest of the harbor these is
some fragmented development and recre -
ational space, but no overall plan gudes
growth and reconstruction ol the entire
waleriron! resource.

In an attemgpt 10 understand and lay the
foundations for improving the harbor's
future, an nterdisciplinary group at MIT led
by Judith T. Kildow recently commenced a
management project, The overall cbjective
Is to design alternative managemant
schemes that will improve the political and
economic system and betler handie the
environmental, public access and eco-
nomic development Issues,

A multitude of governmental and non-
governmental groups have decision-
making responsibilty for harbor activities,
résulting in an ill-defined system ol
responsibiities and public accountatality,
Through a set of case studies, interviews

and other vehicles, this group will suggest
where pubic intervention might be
justifiable and where current market forces
and/or existing governmental siruciures
seem 10 be neflective

Aided by students, the project team has
compded an allas on curren! harbor uses 1o
understand better trends in harbor use and
disuse. From this allas they hope 10 evoive
a more detailed map indicating public
access ponts to the water's ecge,
annotating the quality and type of access.

The projgct team, which includes Professor
Kidow, Gary Hack, Associate Professor of
Urban Studies and Environmental Design,
Richard De Neutville, Professor of Civil
Engineerng, Lee Warren, Lecturer in the
MIT Writing Program, and Richard Tabors,
MIT Energy Laboratory and Lecturer,
Department of Urban Studies and Planning,
will be working closely with a Harbor
Commission established by the Massa-
chusetts egislature. The completed Sea
Grant project will offer the Commission
alternative harbor management ieas and
sirategies for planning the harbor's fulure

Other suppoet for 1his project has come
from the Massachusetts Office of Coastal
Zone Management, the Massachusetts
Pon Authority, Boston Shipping Associ-
ation, Inc. the New England River Basin
Commission, the Boston Seaman’s Aid
Society and the Massachusetis state
egisiature

Principal Investigator
Judith T. Kidow
Assocate Professor

Department of Ocean Engineering
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Algal Pollution In Nahant Bay

Every year many sandy beaches in Naham
Bay are strewn with decaying filamentous
brown algae which drive away bathers with
foul smeikng fumes. In 1976 Sea Grant
learned of the probiem when an extension
Sea Grant advisory agent was approached
by the Metropalitan District Commssion
(MDC) and Congressman Michael Harring-
ton 10 help fing causes of the aigal blooms
and fry 10 efiminate the noxious effects.

The Sea Grant Program asked Prolessor
Alician V. Quinian, well known for modeling
compiex environmental problems, to org-
anize a research team with expertise in
manne environmental studies. Paricipants
from MIT, Northeastemn University, the
University of Massachusetts, Harvard
Unmersity, Trinity College (Connecticut),
the Marmne Biological Association of the
United Kingdom Laboratory, and the
University of Liverpool began 10 work on
this problem in July 1978, sponscored jointly
by the MOC Dwision of Envronmental
Quality and Sea Grant

To formulate an ecosystem approach, they
Isted the many unanswered questions:

Which water quality variables (temperature,
salinity, dissolved oxygen, phosphate,
ammonia, nitrite, nifrate, trace metals)
might cause or intensity the dloom?

What special lactors cause the algae lo
become so foul? Whnat nutrient Sources
feed the algae? Do these come from
sewage ireaiment plants or sewer outfalis?
How much biomass is produced inthe
Bay? What species predominates? How do
they differ from others?

How are the predators that kve off each

algal species different or simdar? To what
eflect?

What trajectories do the predominant algae
lollow?

Finally, how do all the answers tie together?

Two students used a sextant and Loran C
1o locate flteen samphing stations in the
Bay and along the beach, During the first
two years of the project, the research team
gathered lieid samples for chemical,
biological and physical analyses n the
laboratory. These samples combined with
other research methods have proviged
some insights iMo the problem Results of
dye, drift-card and drogue studies sur-
prigad the researchers by ndicating the
large-scale circulation of the Bay moved in
a counter-clockwise direction, and not
clockwise as they had believed before their
studies began, Al this time, it also appears
that wind plays the dominant role in setting
up currents which concentrate the bloom
algae in shoal walers and drive masses of
algae onlo the beaches.

The researchers’ conclusions will be
translaled into a recommendation for
environmental modification management
and control that will stem the growth and
decay of ihe algae. leaving the beaches in
Nahan! Bay a source of pleasure and
recreabion foe the community.

Some of the adjoining maps and diagrams
show the research methods and report
some preliminary conclusions.

Principal Investigator

Aician V. Quinlan

Assistan! Professor

Depanment of Mechanical Engineering
Hendy L. Dohenty Professor In Ocean
Utilization 1978- 1980

Modeling Physical Processes
In Massachusells Bay

In the early saventies when MIT joned the
Sea Grant network, the United States had
already begun to realize the profound
effects of environmental misuse. Legal
requirements as well as increasad civic
and corporate concern mandated methods
for torecasting the mfluence that industrial
elfluens. power plant cooling waters,
oltshore dredging and othes man-made
moddicalions would have on marnne
ecosystems. Massachusetls Bay had long
been a dumping ground for about a
hundred communiies and three millon
people in the eastern Massachusetls
region. For the MIT Sea Grant Program
batween 1971 and 1977 it became a “tiving
laboralory™ 10 develop and test numerical
models that would help aleviate pollution in
embayments throughcut this country and
abroad,

The late Prolessor Arthue T. Ippen and
Prolessor Erik L. Mollo-Christensen di-
rected a group of scientists from the Ralph
M. Parsons Laboratory and from the
Depariment of Metecrology 1o simulate the
complicated physical processes that
agsperse and circulate pollutants. Four
resulting linite element models have aided
marine commundies from New Hampshire
10 Florida to the Straits of Magelian in Chile

Jerome J. Connor, Protessor of Civil
Engineering, helped to create the final
versions of the models, Cafe 1 and 2 and
Disper 1 and 2 Cate predicisthe
circulation pattermns of tide- and wind-driven
coastal waters, while Disper predicts
dispersion. Both can determine currents,
velocities and related particle dispersal
patterns in one tayer of in two iayers 10
account for the salinty and temperature
strabfication that occurs in many bodies of
waiter, inciuding Massachusetts Bay, during






the early spring and fall months, Verification
of the Cate model involved gathering and
analyzang data from drogue studies in
computer-predicled dispersion patterns of
thesmal plumes from the Pligrim Nuclear
Power Plant,

To introduce thesa environmental tools to
Industry and to govermment agencies, the
Marine Industry Advisary Service held a
Collegium meeting, "Computer Modets for
Environmental Engineenng and Research
n Near Coastal Environments,” in 1976,

Principal Investigators
Arthue T. Ippen (deceased)
Protessor

Department of Civil Engineering
Erik L. Mollo-Christensen
Professor

Department of Meteorclogy
Jerome J. Connor, Jr.

Profes:

s0r
Depantment of Civil Engineering

Coastal Erosion: A Matter Of Control

A summer strodler on a long, white strand of
shore sees the beach as peacedful, serene,
unchanging. An aernal view of the sands
marching beneath the sea’s surlace
roveals the deception,

The movement of sand by the combined
forces of wings, wave, tides and currents is
one of the most serious probiems of
managing coastal use and development. In
the past, oblivious to nature, peopie
established buiidings and recreational
areas close to the shore. Many struclures
are now threatened by erosion or have
already been swept away by severe winter
storms. Jetties and groins erected for
protection have saved some structures but
have robbed coastal neighbors of sand that
should have been delvered by longshore
currents,

Researchers since the early 1800s have
been rying 10 understand the properties of
waves and thesr effect on the ocean bottom
and the shoreline. The first successes
came when Gesman scientists based a
numencal model on an assumption that
Waves move in a symmetrical train over an
infinite ocean. With today's advances in
computational capabilities, scientists and
engineers no longer need to make such
simple and misleading assumptions. Still,
the varables of predicting the action of
waves ana their affect on the movement of
sand are numerous, and intensive coastal
research is new,

Professor Ole S. Madsen has been working
with Sea Grant since 1976 10 develop
numerical modeis capable of quantlying
the rate of longshare sadiment iransport,
and the resulting coastal erosion and
deposition. The asm is to make predictive
iools avadable 10 government reguiatory
agencies, environmental consultants, and
the busiding industries so they can locate
industrial and power facilities that will
neither harm the overall coastal environ-
ment nor be threatened by i

In a Sea Grant report, Professor Madsen
introduced two predictive models created
with input from specially designed instru-
ments thalt measure current speeds and
wave heghts al the shore, both in and
outside of the surf zone. An array of the
instruments used in keld experiments to
gather information tested various assump-
lions and hypotheses of laboratory studies.

Principal

Ole S, Madsen

Associate Professoe

Department of Civil Engineering
Henry L Professor in Ocean
Utdization 1977-197%



Heed those shellfish bans

The current spate of shellfish closings along the
New England coastline north of Cape Ann appears to
mark a new era. This is the fifth consecutive summer
when part of the coast has been closed to the taking
of clams, mussels and related animals.

However, there is no problem with any of the
{inned fish, or with lobsters or crabs,

In the limited areas of the ban, the only danger-
ous things to eat are the molluscs — both the
bivalves, clams and mussels, and the univalves, in-
cluding periwinkles and moon snails, Almost anyone
will eat clams, a few people have learned the joys of
mussels, and only the sophisticates eat periwinkles or
moon snalls.

The disease is caused by a microscopic single-
celled plankton, and only affects filter-feeding ani-
mals like the clams, or their predators, including the
moon snail. The periwinkles are algae eaters and ap-
parently pick up the plankton in the process of scrap-
ing a living off the coastal rocks.

Paralytic shellfish polsoning is no joke, aithough
persons can be supported with auxiliary breathing
help until the worst symptons pass ... the biggest
problem is when the attack is misunderstood. The
most serious cases last year involved some peoplo
who had caten periwinkles and didn't think that they
had eaten “sheilfish."

Shellfish closings should be taken seriously, and
persons used to digging shellfish from polluted areas

WOODS AND SHORE
By MONTY MONTGOMERY

and getting away with it should be much more cau-
tlous when there are paralytic shellfish poisoning
closings in their area. One may escape both the shell-
fish warden and ordinary diseases, but shellfish pol-
soning Is too serious to fool with.

One may safely eat fish or lobsters from “red
tide" waters. The toxin that causes paralytic poison-
ing has to be concentrated by the filter-feeding clams
and mussels. Shellfish move hundreds of gallons of
water through their systems and across their filtering
mechanisms — a clam is nothing but concentrated
and metabolized minutia — and when the “red tide”™
plankton is in the water, the clams quickly become a
concentrate of poison.

While sensible people are safe, extreme levels of
toxicity can cause problems for wildlife, A number of
birds, Including adult black ducks, feed heavily on
mussels (the hottest concentrators of paralytic toxin)
right through the summer months.

Gunners and ornithologists alike once thought
that black ducks only ate mussels during the bitter
winter months, but a rash of shellfish polsonings in
and around the Parker River Wildlife Refuge in
Newburyport four summers ago proved that adult
birds, having learned to eat mussels during the previ-
ous winter, continued to feed on them all summer.

Boston Globa, June 4, 1978



Controlling Red Tide's
Poisonous Blooms

If you work or play near the coast, you have
probably heard of the poisonous “red tide™
which agpears from time 10 time in New
England waters from Maine to Cape Cod
(and elsawhere in the workd) Red lide is a
concantration of one-celled algae which
contain small amounts of a powerlul toxin
These algae are eated by shelllish, which in
tum may be eaten by humans. If a person
dines on mollusks, such as soft-sheiled
clams, musseis, or quahogs, which have
stored enough of the toxic substance,
paralytic sheiifish poisoning (PSP) may
result

In 1975 Francois M. M. Morel began to
sludy New England's red tides. He and
graduate student Donakd M. Anderson first
hypothesized that waler chemisiry played a
critical role in encouraging the blooms of
the red tide crganism, Gonyawlax lamaren-
sis. Laboratory experiments indicated that
copper has aloxe elect onthe
anoliagellate. In marine waters where an
influx of orgamse substances bind up, or
chelate, the copper, Gonyaulax is left
unthreatenad and in a favorabie environ-
ment 10 bloom.

During the summer of 1978, Sea Grant's
Communications Office and the Massa-
chusetts Marine Liaison Cffice held a
workshop lor Prolessor Morel and Dr.
Anderson 10 present their findings to those
people who most needed red tide
informatbon: shelfish wardens and state
officaals responsible for manitoring shellfish
beds for toxic red tide blcoms.

The researchers described those chemical
and bicéogical mecharisms which they felt
causead the iming and geographic spread-
ing of the blooms, They suggested that
oulbreaks on Cape Cod, which occurred
first in 1972, had probably been linked to a
dormant over-wintenng cyst stage n the
organism’s life cycle and 10 the trace metal
chemsiry of coastal waters,

Laboratory and feid stuthes had de-
monstrated that Gonyawax cysts had
accumulated in those estuarine sediments
where bicoms had occurred, When the
temperature of the waters began 10 fise In
sprng. these dormant cysts revived into a
molile, photosynthetic stage. Accordging to
the researchers, the decrease of tempera-
tures in the fall had the same effect Thay
specuiated resling cysts serve as seed
populations for annually recurring blooms
in New England ponds. Transported by tidal
currents, the algae in cyst form can move
10 new locations along the coast, Human
actwities such as dredging or dumping of
sheltish bed seeding are also suspected
as vehicles for spreading red tide.

The meeting initialed a “mapping” project

with the state’s Cat Cove Marine laboraltory.

For over a year, the lab's biologists worked
with Sea Grant to document the presence
of dormant cysts in northern Massachu-
setls's coastal waters. This idormation is
being used to monitor shedfish areas and 10
cbserve lurther how and where the cysts
are moved.

Now an Assistant Scentist at the Woods
Hole Oceanographic Instdution, Dr.
Anderson is an associate investigator on a
Sea Grant progect begun in 1979 under the
leadership of Salke W. Chisholm. Their
studies ar¢ a complement of laboratory and
field analysis. They are measuring in sifu
growth of G. ramarensis and G. excavata
throughout a toom period. In the lab. by
exammning the verical migration capacilies
of the crganisms, the scientists hope to
gain nsights Into bloom growth and density,
They have solated and culiured several
species of phytoplankion other than G.
lamarensis irom geographical kcations
with & hislory ol red tides, to compare
photosynhetic characteristics. Physiologi-
cal analysis wil hopefully move scientists a
step lurther toward the development of
methods for predicling and ultimately
controling red tiges,

Principal Investigators

Francois M. M. Morel

Associate Professor

Department of Civil Engineenng
Henry L Daheny Professor in Ocean
Uthzation 1975-1978

Salie W, Chisholm

Associate Prolessor

Depanment of Civil Engineering
Henry L. Dohenty Protessor in Ocean
Ulilization 1880-1982
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Eelgrass Declines:
An Unanswered Question

Feids of eefgrass, an open water plant of
immense ecologeal importance, ine both
the Allantic and Pacfic coasts. At different
stagos in the plant’s B¢ cycle it nourishes,
protects, and sheliers fish, shelllish and
birds, helps prevent ercsion, and lenilizes
the coastal ecasystem. Many organisms
Qraze or grow on 1, Some creatures eat its
leaves or seeds dirgctly, while others digest
the nutrients as 2 decays. Still others prey
on neighbors living in the eelgrass
community.

Occasionally a senous plague attacks the
eelgrass fields, causing the plants to brown
and wither over thousands of estuaring
acres. The loss of this key source of plant
detritus and of the microscopic crganisms
on the bottom ol the food chain causes a
devasialing domino effect throughout
populations of fish, shellfish and bids. In
short, the whole marine food chain is
gisrupted

Inthe 19303, researchers in Marytand and
Europe blamed an imernational eelgrass
plague on Labyrinthula, a parasitic
protozoan which lives on eelgrass, Zostera
marna. Since the piant is a vital pan of the
coastal ecosystem, Prolessor Eugene Bell
and research assocales are trying 10 leam
whethear Labyrinthula really is the cause,
They are also devising a relable,
systematic way of studying a difficult
environmental problerm, Sound laboratory
assays wil be exceedingly uselul in the
future for looking &t the plant and the
materials that grow on it.

To date, the researchears have found no
delinitive evidence that Labyninthula is
responsible for the eelgrass declines, but
they have learned what characteristics of
the colonial protozoan parmd i to move on
the plant, They believe this information
could help clarify how (or if) it causas plant
asease. From their experiments, the group
found that Labyrinthufa not only grazed on
other microscopic eeigrass inhabitants, but
probably utiizes the leaf components
directly by releasing lithe packets of
anzymes. However, 1his process may occur
only on those parts of the leal which are
avewy dead Nobody knows yet whether
this redease can break down healthy plant
tissues, or whether the enzymes work only
on weakenad plants Perhaps special
environmental condiions must also be
present at the same time 1o cause disease.

Environmental scence is relatively new
and dilficu®, According 10 Protessor Bell, 2
involves considerable guesswork—or intel-
kgent forays—into a complex problem. The
more that can be brought nto the
aboratory for precise analysis the better,

Principal Investigator
Eugene Bell

Prolessor

Depariment ol Biology






Modeling Seawater Intrusion

Racently, management of freshwater
resources has been prominently inthe
headiines, Toxic contamination dramatic-
ally threatens the water we and the whole
ecologcal cham need 1o survivial and
naurishment, but 1aully septic 1anks and
oxcessive sewage dsposal aiso deplete
avatable water supplies. For coastal
communities seawalter & an additional
enemy.

Coastal aquifers are bounded by salt water,

Drawing out 100 much fresh water upsets a
boundary equibrium and sall water moves
wpward and landward. Once this happens
and freshwaler supplies are contamenaled
by sall, it can take years to cleanse and
restore the aquifer

The resisents of Martha's Vineyard have
worned that the island’s continuous growth
and enormous population fluctuations from
summes lowism endanger their water
suppias through saftwater intrusion, Aqus-
fars on Cape Cod unger similar condtions
have bean damaged. In Calilornia and
Florida and on Long island, rapid,
concenlrated growth has reduced local
water supplies and required expensive
Pping systems 10 bring Iresh waler from
faraway sources.

With Sea Grant suppon, Protessor John L.
Wiison and an MIT docloral candidale have
created a seawatet intrusion model (SWIM)
which has prediclivé capablities for
analyzing vanous levels ol demand on
coastal water supphes. SWIM's special
attention 10 unusual sland and peninsular
aguifer configurations makes f 8 umgue
intrusion model. The data used in SWIM
includes geckagy, groundwaler fiow pal-
lerns, well locations, preciptabion records,
and monthly pumpeng recoras.

Working closely with the Martha's Vine-
yard Commission, the Sea Grant re-
searchers are refining the model 1o look al
development proposals and estimale thewr
elfects on the Isiand’s reshwater sup-
plies—both quantitatively and qualtatively.
Auser's manual & being prepared for the
model 1o make it simply and inexpensively
applicable o any coaslal area. Sea Granl's
projects are initiated in response 1o a
naticnal need, but marine problems. ike the
ocean fsolf, have no boundanes and all
eltors are made to share the Program's
research results with other countries.
Professor Wilson has already applied SWIM
lgg:anwater intrusion problems in Israel and
pt

Principal Investigator
John L Wilson, I
Associate Professor

Depantment of Civil Engineenng

A

A

VT water table

st loce Trapps pond

" -
xp A

oy



To high voltage
power supply

Concrete
radiation
shield
s 4 ’
Al N . » j/l

8 S | - _ Electron
lncom'pg v v hE | accelerator
pressurized Y "
air or oxygen *,ﬁ 4 % K , Dewaterer
Incoming wip dcmcmcmcg, Comminutor - Beam Pump [qgm =P Sludge

sludge

P - - Water
‘1 l..ﬁ'\

T L T P L 3P 3 2l
[ ~ .




Wastes
to Resources

Today, waste disposal is one of the
nation's most serious problems. Our
way ol living produces more refuse than
we can throw away. Communities are
running out of dumping sites; and
perhaps more problematic, toxic indus-
trial wastes can endanger the public
health.

Itis possible that the oceans offera
reasonable, sale alternative lor waste
disposal—Iif the effects can be predicled
and damage to the environment
mitigated. It is also possible that some
wastes, rather than being thrown away,
can be transformed into useful raw
materials through the development of
new technologles.

Fertilizing the Oceans
With Urban Wastes

By summer 1981 barges loaded with
pasteunzed sewage sludge from the MOC's
Deer Island Treatment Plant may be
chugging 10 an ocean site in Massa-
chusetts Bay They plan 1o repeat the trip
avery waek for iwelve months, with
scientists and engineers following 10 Study
the effects of the waste’s nutrients on the
productity of the marine environment,

An outgrowth of past waste treatment
research, Intiated in 1973 with Sea Gram
support, this new study is aimed at
producing an innovatve and cost-effective
waste dsposal alternative 1or coastal cities
The problem is senous. In 1972, the Water
Pollution Control Act mandated that
communities treat their wastewaters 1o
remove 50lid materials. The bypeoduct of
that treatment is shudge, by defnition a
mass of poliution becausa it is simply the
residue sited and screened from heavily
contamnated commercial and residential
wastewaters. At this time the national
output of sludge i estimated at 10 million
tons per year. And Boston alone produces
50,000 tons at 4s Deer Island treatment
facifity.

Dr. John G. Trump & the leader of both the
past and the current studkes. In the first
phase he and associales proved Ihe
technical and economic feasibilty of
employing high energy electron sradiation
to mactivale disease-causing micreorgan-
Isms, making the sludge reusable for
aquaculiure and agricultural fertéization
Now scientists wan 10 knaw d the treated
sludge. free of harmful viruses, bacteria,
protozoa and worms, can be effectively
used 10 fertilize the oceans. Sea Grant, MIT,
the New England Aguarium, the Woods
Hole Oceanographic institution, and the
High Voltage Engineering Corporation have
asked lor support from the Depanment of
Environmental Aftairs for this project. They
hope to peove that siudge, carelully
aisposed of and dispersed in the oceans,
will create the same nourishing resulls as
the natural upweting of nutrients, The end
result may be an ever-renawing lood
supply from areas of the oceans that are
now biologically unproductive, with waste
used lo creale a resource.

Principal Investigator
John G, Trump
Protessor Emertus
Director

High Voltage Laboratory
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Trace Element Uptake Inthe
Marine Food Chain

Professor John G, Trumgp's modem
technology shows promise for advancing
an ancient Chinese method of farming
known as polyculture, Different species
cohabitate in thes efficient system, each
occupying s own ecological niche and
consuming different foods. The system
begins with algae (which couks be
nourished by electron iradsated sewage
sludge) The algae then feed a colony of
resident oysters Altes digesting the
plankion, the oysiers secrete nutnants
coveted by a ubiquitous sea lettuce and
bottom dwelling worms. Popular sealood
such as abalone enjoy the flourishing sea
lettuce, and in a separate but nearby tank
the plump worms serve as dnner for
fiounder.

Thase mancultre systems could help
produce a stable, abundant supply of
peotein. Today's aquatic farmers, however,
have a problem unknown by their Chinese
pradecessors. The wastes which nurture
the algae contain accumulations of trace
elements, such as copper, lead, cadmium,
and zinc, which could be harmful if
concentrated within the food chain of the
aquaculiure system, and then passed
along 10 humans.

Dr. Morteza Janghorbani end Dr. Guy C.
McLeod are measwing the uptake of the
trace elements and their accurmutation in
the tissues ol vanous manna organisms
from phytoplankion 1o juvenile fish which
have been raised on diferent mixtures of
sowage efflvent and sea water, Dr. McLeod
15 8lso determining the optimal mixtures of
the wasies and seawalter lor producing a
proific eflluent-led aquacullure system.
Projects bke this may advance large-scale
aquatic farming and increéase avaiiable
protein around the works

Principal Investigators
Morteza Janghorbani
Senior Radiochems!
Nuclear Reactor Laboratory

Guy C McLeod
Director of Research
New England Aquarium

Recycling Dredge Spoils

Waterways such as Boston Harbor and the
Cape Cod Channel are corridors for ships
carrying raw materials and mamdactured
goods to and from New England. To keep
these passages open, dredges remove the
sand and silt deposited by tides and waves.
In the past, thesa materials have become
landfill or were depasited in coastal waters
not used for manne trangport. Controversy
has swrounded dredging, because the
matenas contan Loxic levels of metals ang
minerals. Now, the whole concept of
recyding promises 10 partally resolve the
confict between environmentaksts and the
dredging and Shipping indusines,

Prolessor Michaet Modell has undertaken a
conceplual study on the 1easibilty of
exiracting heavy metals and organic
materials using water brought 10 near
cntical temperatures and high pressures as
a solvent. He and student research
associates belleve that this new process
may adequately remove trace matenals
which could then be sold to pay for the
recovery process and part of the dredging
costs. The organic content of the dredge
spoils from many urban harbors is high
enough to be recycled as a fuel. Cadmium,
copper. nitrites, lead, zinc and magnesium
are valuable as raw materials, especially as
the supplies of melais diminish and their
costs escalate. An analysis of bottom
samples in New Bedford Harbor, an
important fishing pon, showed heavy
concentrations of copper, chromium and
zinc, Thirty-five hundred metric tons of
these elements are estimated to rest on the
harbor bogtom at a current market value of
$5,000.000.



Characteristic of much Sea Grant re-
search, this particular project is a
concepiual sludy beyond the research and
financial resources of several groups who
can use the information. If the research
SuCCeeds, with a refatively small nvest-
ment by the lederal government and MIT,
then it helps more than just the immedale
users in the dredging and shipping
indusings, A of us benefit from a cleaner
maring environment and having necessary
materials reciained and recycled i the
sludy disproves the feastillity of the
concepl, thare is still a gain. Students will
have gleaned knowledge of a marine
probiem and experience in working side by
$ige with an MIT faculty member on &
research chalienge with both environ-
mental and economic imphcations.

Principal Investigator

Michaed Mogel

Associate Professor

Depariment of Chemical Engineenng

Shellfish Wastes Transformed Into
Valuable Raw Materlals

A malodorus heap of lobster and crab
shells discarded after the meat has been
removed looks anything but useful, but
appearances can be deceiving. Shellfish
wasles are beng tansiormed inlo a range
of raw materiats with some exciling

Crustacean exoskelelons contain chitin,a
natural pofysacchande related 1o celiufose.
Chitin and its most common derivative,
chitosan, lend themseives 10 extensive
madificaton, and for this reason have
altracted scientific intrest since the 1880s,
Research inensified inthe early 1970s
alter the Enviconmental Protection Agency
banned the chitin-rich shellfsh carcasses
from being dumped Inlo coastal waters.
Stow 1o degrade, the shells were serving as
unwanted ccean angtil

By 1976, worldwide interest and research
activity promgted the MIT Sea Grant
Program and the Massachusetts Science
and Technology Foundation to hold the
First International Chitin / Chitosan Con-
ference in Boston Researchers from 14
countres examined 52 papers on the
diverse and exiraorginary properties of the
potysacchandes. They discussed the uses
of chitin and chitosan:

28 an addAve in paper making Lo improve
the wet and dry strength of newspent,
paper towels, grocery bags, disposabie
baby diapers, and non-woven fabrics;

as a coagutant to treal water supplies,
domestic sewage and industrial waste-
water;

as a lilter 10 extract heavy metals and
radionuckdes irom dilute fresh and salt
walér solutions,

8s a wound healing accelerator n sulures,
as an anificial skin in burn freatment,

n liber modfication 10 improve the dyabilty
of anificial fabrics;

in the manufacture of transparent films for
food packagng and photographic supplies;

as a matrx in food manutacluring to invest
fabricated loods with texture and julcingss,

Despie this long and impressive list, chiin
and chitosan's potential has been largely
unreakzed because of processing difhi-
culties.



In Sea Grant sponsored research that
spanned 1974 through 1980, Professor
Benjamin L. Averbach advanced chitosan
processing employing x-ray ditiraction and
small angle x-ray scattering. Using these
technigues he was able 1o detail the
characteristics of chitin and chitosan ang
to specify the manipulation of variables in
making cerfain kinds of chitosan films.

Once the nitig! studies were done,
Professor Averbach collaborated with a
ghellifish processor in Virginia 10 study the
economic and techaical feasibilty of
estabishng a chitosan plant in the Mid-
Atlantic states. The procassor, the Hunt
Crab Meal Company, established & "bench
top” facility 1o supply MIT researchers with
chitn and chitosan, while students and
faculty extended their experiments (o make
films that would be effective in walter
paollution control. Chitosan atiracts many
chemical substances, such as DOT, PCBs
and heavy metals Many of these Loxic
materials could be removed by

the films in or near public and industral
waste outlall. Professor Averbach's fdms,
strong and mpervious 10 water, show great
promise, and plans are underway to builkd a
plant i Virginia o transtorm a troublesome
sealood waste imo a versatila raw maternal.

In the Department of Nutrition and Food
Science, Professor ChoKyun Rha is
invesngating how to form a chitosan food
malrix for replicating a variety of foods—
fruits. . breads, cheeses, and
fish. Chitosan & biogegradabie, non-toxic,
and bands readily, all attributes that make it
ideal for food engineering. It can be
manipulated to be elastic or rigid to give
foad texture. Because it ruptures easily, &
could supply piciness.

Professoe Bha and student assocates have
created globuies, the siructural unit 1O be
used for the food matrices. In labaratory
studies, the researchers have analyzed the
deformation and rupture characteristics of
these units. Ersatz cavier they have mage
may seem a frivolous exampée of chitosan's
potential, but it lllustrates the substance’s
talent for creating an diusion. Beyond
duphcating luxury 100ds —which show eco-
NOMIC Promise —there is anothers and
perhaps more serous objective

Protein shortages plague people around
the world, including the United States, and
a chitosan matrx could increase the
amount of available protein. Disused parts
of commonily caught {ish, such as muscle
tissue, could be chopped, powdered o
pureed, then bonded by chitosan 10 other
ingrediants 1o duplicate known and
appeaing foods. Unfamiliar fish species
which are currently shunned could be
treated in the same way. A chitosan matrix
also has possibikties for helping to produce
food products for pecple with allergies 1o
cerain ingredents such as gluten in bread
With a chitosan matrix it would be possible
to eiminate ingredients ke gluten.

|
Benjamin L. Averbach
Professor
Depanment of Materials Science and
Engineering
ChoKyun Rha
Associale Professor
Depanment of Nulrition and Food Scence






Fisheries
Technology

Expanding foreign markets, an increase
in U.S. fish consumption, and passage
of 200-mile limit legislation have all
promoted a stronger, more profitable
fishing industry in this country. As the
profit opportunities have grown, fish-
ermen and seafood processors have
sought more sophisticated tools.

Sea Grant's university base has been
one source of assistance for this small,
growing, and important group of
citizens, At the Institute, faculty and
student strengths in engineering and
technology development have been
applied to making vessel gear saferand
more economical. And improvements in
processing equipment promise to help
marke! abundant underutilized fish at
home and abroad.

Skinning the Dogfish Shark Mechanically

Some of the most profitable fish in New
England's waters are harder to find and
calch these days. Quotas established
through the Fisheries Management and
Conservation Act are helping 1o re-
establish some stocks which have been
“fished out.” In the meantime, fishermen
are looking for alternative fisheries. The
dogfish shark offers one potential option
during the summer months when #t is
extraordinarily abundant in New England
walters; in one season alone it has been
reported that 27,000,000 were caught.

Iromscally, most dogfsh are thrown over-
board, unwanted and detested, for the
shark has unti now actually imposed an
economic burden on New England
fishermen. Extrernely voracious, they either
drive off or devour vast amounts of
mackerel, cod, haddock, and flounder, the
traditional fish upon which the industry
depends. Their appetie and habit of teanng
and snarling nets cost fishermen millions of
collars every year.

These predators are not widely harvested
and sold for a profit because there is no
mechanical method for skinneng and
processing them. A sizeable marke! does
exist in Europe where the shark is used for
fish and chips and in popular seafood
stews. lis befly llap, when smoked, s an
expensive dekcacy with an appeal similar
10 smoked saimon, In the past, machines
have been unable to remove the shark's
rough skan to produce the smooth product
achieved by hand skinning. Unfortunately,
US, wages make hand skinning un-
profitabie and have discouraged develop-
ment of a large dogfish fishery.

In 1976 with Sea Grant suppon, Prolessor
ChoKyun Rha studied the tensie strength
and surlace characteristics of the shark's
skin, while Professor David Gordon Wiison
analyzed the mitations of existing fishery
technology and the efficiency of hand-
skimning operations, These early investiga-
tions were followed by two graduate
student projects which have produced a
machine 10 process the shark in the round,
removing the tad, dorsal fins, bellyfiap and
back skin, The remaining Secton requires
only & manual head cul and separation of
the back meat 1o complete the processing
MIT has filed a patent application for this
innovative 1echnology.

In March 1980 the Massachusetls Marne
Liaison Service and research co-5ponsor,
the National Marine Fishenes Service,
introduced the machine to the fishing
industry at a laboratory demonstration. The
response was excelent and it is expected
that by the end of the year licensing
arrangements wil be made with a machine
manufactures. The net banefits of this
reseasch will mean new opportunities and
greater peolits for animportant U.S. marine
industry.

Principal |

Dawvid Gordon Wilson

Professor

Department of Mechanical Engineering

ChoKyun Rha
Associate Professor
Depaniment of Nutrition and Food Science






Fuel Efficient Trawl Doors

Trawling is the method used by New
England's fishermen to harvest profitable
bottom d fish such as cod, flounder
and haddock. The design of the gear has
been passed down through generations
and many ol the current lechniques and
hardware are inetficient.

In & trawling operation, the boat pulls a
funned-shaped net which herds seabed lish
into it. Floats and weights keep the net open
vertically, while the outward angle of the
two trawl doors maintains horzontal
spreading. A wider opening catches more
fish. Traditional flat doors made of steel-
banded wood are tairly effective a1
spreading the net's mouth, but thay opearate
at such extreme angles of attack they resull
in substantsal drag and high fuel consump-
tion.

Sea Grant's steel rawl doors have been
designed like a hydrofod to give hydro-
dynamic It and a lower angle of attack as
they move through the water, Door drag
has been reduced about 70 percent so that
fishermen could benefit by maintaining an
elticient speed to cut fuel costs, or by
emplaying a larger net to catch more fish
for the same fuel expenditure

The door is marketed through one of New
England’s best known trawi door manu-
facturers, Whart Forging and Weiding
Corporation. Ron Giovanni, president of the
company, pasticipated in the research
project by contributing labor and fong years
of practical experience in the fishing
business.

Principal Investigators
J. Kim Vandiver
Associate Professor

Depariment of Ocean Engineering

Arthyr B, Cifton
MIT Sea Grant College Program

Improving the Trawl Door
Hook-up System

Hooking up a trawt door atter the nets are
putted in is dangerous, The doors prese a
heavy, flat surface which can easfy crush
an arm or hand. Unless & trawler is
equipped with extra net hauting equipment,
1he doors must be secured at the rai and

from the main tow cable bedore
the netl with the catch is hauled aboard. A
crew member operating a winch controls
the operation. Carelessness on his part or
an extreme roll or surge can cause the
break to sip and the doors 1o flall. Setting
the nels reverses the operation and poses
the same dangerous problem.

The improved Sea Grant design has
automated part of the hook-up procedure
10 eliminate the neead for manually securing
the door. In the operation, a hanger pivols
on eéxlensions of the main bollard-puling
shalt, When lowered, the hanger resisona
cable until the coupler passes under, then
the winch is slackened and the coupler
pudis back into a “u"-shaped slol. At this
posnt the door is fastened to the boat and a
crew member can safely uncouple the net
lines from the 8oor. Tests aboard the
VINCIE-N have indicaled that the simplified
hook-up system leads 10 a much safer
operation

Principal Investigators

Stephen P. Loutret

Assistant Professor

Depariment of Ocean Engneering

Anhur B Clifton
MIT Sea Grant Colege Program

Professor Loutred testing new hook-up block
aboard the VINCIE-N

Engineering a Safer Hook-up Block

When the MIT Sea Grant Program's
advisory services approached the region’s
fishing industry late in 1972 and offered to
undertake projecis that would improve
fishery operations, it was recommended
that MIT design a safer, more eflicient
hook-up block.

MIT Professor Stephen P. Loutrel and
student associates met with James Boord,
al that time Captain of the CORSAIR
CANYON, to giscuss block design
concepls, Captain Joseph Novelio of the
VINCIE-N offered his boal as a study site
for the research team, The MIT engineers
lirst observed trawling procedures and the
hook-up block's role in setting and
retneving gear. In 1974 they completed the
lirst peototype which Novello tested in the
late summer. Some modifications were
recommended and made. From that day,
Novello claims he hasn'i saded without if,
50 dramaltically does it improve salety
conditions for his crew and the speed with
which they are able to handle the nets.

Duwring this past year, Marine Liaison
fisheries enginear Citford Goudey, an MIT
graduate, redesigned the hook-up block
for the U.S, Coast Guard, with a 3,000
pound working koad, for use in their new
single point hoisting methods on life boats.
Goudey has appsod for a patent,
anticipating other uses that would benefit
maritime workers. The Coast Guard has
instalied the block aboard the Cutter
ALERT and ceployment throughout the
fleet is anticipated.

Princlpal Investigator

Stephen P. Loutrel

Assistant Prolessor

Department of Ocean Engineering






Offshore Resources

For centuries people around the world
have turned to the ocean for food; more
recently they have looked seaward for
energy and mineral resources. Once
inaccessible because of technology
limitations, the deep soas are already
producing oil and gas. By 2000, deep
ocean mining operations will recover
valuable manganese nodules,

Technology and analytical techniques
are needed by government and Industry
1o survey the seabeds and recover
resources, As exploration moves away
from land into a harsher, more
unlorgiving environment, engineers
require accurale information on ocean
forces, sediments, and platform per-
formance to design safe structures that
can be bulit and maintained economic-
ally. Sea Grant's offshore research has
Intensified in the past several years as
the national need for ocean resources
has grown.

In Situ Tests To Predict Soil Strength

Al present ofishore structure designers
must use uncenain ¢ata obtaned through
EXPENsive and ime-consuming core
anlling procedures. For several years,
Prolessors Mohsen M. Bakgh and Charles
C. Ladd have been evolving new
lechnigues and analytical methods to
determine soll properties directly at
offshore sites. As pasticipants in a major
geological exploration program, they have
lested their instrurmentation and methodo-
logy i situ off the coast of Venezuela with
promising results. They used a Dutch cone.
made by Fugro, 1o measure penetration
resistance, and 8 modilied piezometer
probe to determine pore water préssures A
Currant research objective is 1o combine
1he two devices info one instrument.

Data from the Dutch cone can identify soil
lypes, estimale undrained shear strength of
clays, strength and comprossibility of
sands. and predict the point and shatt
resistance of loundation pes Continuous
measurements are made as the cone is
pushed inlo the soud at a leced speed. These
measurements can detect the presence of
thin layers in the soi. which might affect
stabdity and drainage, and can distnguish
petween sod types

The piezoeneter identifies sol types and
evaluates sod stratificabon by measuring
the pressures which develop as the cone
penetrates sleadiy ino the ground Studies
of nsing pore prassures during penetrabon
and decay as penelration slops are
particularly suitable for judging soil
permeability and detecting thin layers in an
otherwise homogeneous stratum. The
reliable and accurate data provided by
these v sifu tests will greatly impeove tho
prediclive vilue of soil mechamnc models.

Supprt for the project has been shared by
Sea Grant, the Venezuelan Petroleum
Technological Insttute and Fugro Con-
sulting Engineers.

Principal Investigators
Mohsen M. Baligh
Associate Professor

Depanment of Civil Engineenng

Charies C. Ladd
Protessor
Depanment of Civil Engineernng



Systematic Modeling of Uncertaintios

Professor Gregory B. Baecher i inCorpora-
fing data from soi analysis into a mode! lor
coherently irealing geolechmcal uncenain-
nies n designing and monioring oftshore
structures. He is analyzing the risks of
builsng olishore piatlorms under varnous
condions—given the uncertanty of en-
vironmental adings. sediment properties,
and foundation behavior. Also considered
is uncertainty infroduced by the geotechni-
cal models themselves doe 10 1actors such
as nadequate theorelical ungerstansing,
approximations in boundary and initial
conditions. and strociural relations.

The civil engineering researchers will use
probability analysis and statistical lech-
niques 10 study aggregate risks and 10
precct sequences and consequences of
potential gectechnical fallures. This kind of
nsk analysis will help government officals
In satting environmental standards and will
aid enginears who must now compensate
for uncertainty by over-desgning olfshore
platforms.

Principal Investigator
Gregory B Baecher

Asssiant Professor
Department of Civil Engineering

Foundation Displacement
of Gravity Platforms

Dr. W. Allen Marr and Professoe T. Wiliam
Lambe are leadng a research group 10
investigate the effects of cyclic koading on
the foundations of gravity platiorms, These
massive structures rest direclly on the sea
battom While they are heavy enough in
proportson to the waves to remain stable,
the continuows, cychc stresses cause
changes, especially deformations, in the
foundation soil.

In this Sea Grant project. the civil
engineering résearchers are Irying to
develop lechmgues lor peadicling the
delormations so that design criteria will be
set 1o menimee of lolerate their magnitude.
The team began with models of soél
behawvior that predicted stress for a
particular wave load at different paints in
the foundation Then they moved tothe
laboratory to duplicate the existing siresses
on an element of soil from the sea bottom,
and apphied changes in stress which a
wave would exert. They cycled those
Siresses-—[ust s a wave would in the
field—and extrapolated to a general set of
condtions for stressing. The resulling
mathematical model will allow them to
predict the effect of waves of different
heights on the cychc and peérmanent
deforrnation of the structure.

They had an opportunity to 1est the finite
alement moded m field tests on Rotterdam
flood defense plans and were pkased that
the results showed their approach 1o be
sound and based on a ratipnal set ol
prnnciples. When the researchers finish
their Sea Grant sponsored work on the
madel, they will begin 10 study types of
olfshore steuciures other than gravity
platforms. Their elfoets will be supponed by

the Venezuetan government. This op-
porturity will help to extend ther Sea Grant
research wih the aid of the peopla who
want and need the results. By applyng their
theory and model 1o real structures n South
American waters, thay will Setermine how
a@ccurate the model is and where the
shortcomings are, The incremental add-
lions and impeovements to ofishare

will lead 10 greater cost
elficiencies for the offshore industry and
more peotection to coastal walers around
e world where oil is baing recovered

Principal Investigators

W. Allen Marr

Research Assoc@ate
Department of Civil Engineering

T. William Lambe

Edward K Tumer Protessor

ol Civil Engineenng
Depanment of Civil Engineenng



Frequency Analysis
For Offshore Structures

Despite the best etlorts 10 apply modem
technology and sophesticated modeling to
the design of oltshore structures, these
massve buikings will be subjected to
savere stresses from ocean waves, shting
sadiments, high winds and strong currems.
Under these remendous continuous
strains, the structures are likely to weaken
and require repair, It s important to identify
delects before they become senous
enough 10 cause human or environmental
casualties or force costly closings of large,
productive ol and gas ngs

For several years, cwil engineers have
measured the natural requencies of
buildings with sensitive devices known as
acceleromelters to lcate possdie structu-
ral damage following an earthquake, A
detected shift in the vibration response
between successive measurements indi-
cates a change in the structwre. Such a
change impdes failure in either the
struciure isalf or its supporting bottom
condtions. Prolessor J. Kim Vandiver has
extended this techmque o ccean platlorms
and established standards against which
vibration measurements can be compared
lo determine if structural changes have
taken place.

The approach does not require detailed
features of the finpl design and elminales
the gross approximalions and cumbersome
computations of existing techniques. An
engineer using it needs 10 know only the
structure’s estimatad natural frequency, the
wave conditions typical 1o the structure
sde, and the gross geomedric layout of the
struciure.

Following a Cosegium meeting focused on
his work, Prolessor Vanaiver received
support from the U.S. Geologica! Survey
Branch of Marine Qil and Gas Operations
1o continue a retated peoject. In thes work he
1S investigating 1echnolkogy that would allow
engineers Lo suppress the vibration
response of a structure and resulting
cychical stresses by caretul configuration
and placement of od and water storage
tanks on the platlorm deck. Another
Cofkegium meeling 1o present the results of
this research was held in Oclober of 1880
in conjunction with MIT Sea Grant's tenth
anniversary celebraton

Principal Investigator
J. Kim Vandiver
Associatle Professor

Depantment of Ocean Engineering

Robot Sonar Platform

Unmanned vehicles are becoming in-
creasingly important as a mode of travel for
the instrumenmtation that supplies data
about the ocean environment. Through Sea
Grant, a Collegium member, the Navy's
Explosve Ordnance Disposal Faciity, has
supporied the development of a small
untetherad vehicie which is basically a
sonar piatiorm. The design objectives have
called for a small, easdy transportable,
untethered comgputér-controled submers-
ible which couks operate in salt wates and
fresh water. Instrumentation inclucdes
commurecations lor command and control
whie underway, and colision avoidance,
bottom foliowing. pinger and side scan
SONar.

Intiated as a Sea Grant student project
several years ago in the Ocean Enginaer-
ing Summer Laboratory, MIT graduate and
undergraduate students confinue 10 make
a significant contribution 10 the robot's
development. The researchers have kepl
the wesght Gown 50 1hat the submersible
would be mobile; requiring just a lew people
to handle and [aunch it It weighs about 120
pounds in 4 and is 8 feet flong and 13
Inches in dameter. Designed to submerge
10 300 teet. & has an mitial range of 10
miles. Lead-acid gel cells allow three 1o
four howrs of operating time at three knots.
In the future a lithium battery will be used
for longer missions






Tha vehicle is pre-programmed to give the
operator the option of changing programs
remotedy. Professor A, Douglas Carmi-
chael, who héads the project. éxpects 10
have a senes of programs in the system
that aliow the opecalor 10 insen changes,
such as depth and course direction. Hobot
Il, a5 it is called to differentiate it from a
predecessor, will be able to make limited
decisions to help avoid collisions.

Principal Investigators

A Douglas Camichael

Protessor

Depanment of Ocean Engineering

Dawd G. Jansson
Associate Professor
Depanment of Aeronautics
and Astronautics

Telemanipulators for Deep-sea Tasks

Sea Grant researchers at MIT are not only
working on robots thal carry instrumenta-
fion to lock at the ocean environment, but
they are creating mechanical dewces thal
will work in the deep seas.

As ocean exploration moves seaward, the
economic cosls of deep-sea diving grow
exponentially. Oil and gas compantes
dnliking n waters 1,000 feet deep could pay
as much as $200,000 a day for a major
dive, For scienlists surnvaying or nventory-
Ing the sealloor this expendiure would be

protabetive, Perhaps more important, opera-

lions i the North Sea have shown that
deep cves axact a hagh human toll

Professor Thomas B, Sheridan has long
been mtorested in combining the talents of
humans and machines to extend the
capabities of both. Beginning in 1976, he
and Iwo graduale students began a project
10 creale a8 commumcations syslem using
computers and master-slave controls. The
entire system is known as “supervisory
control.” In it a human operator drects a
subordinate telemanipulator designed with
j0ints 1o give it treedom of movement, and
8ensors 10 help it make some decisions.
The hurman operator, located on board &
ship or platform, plans the actions and
drections of the mechanical device,
leaches it how to do the job, then monitoes
s parformance on a television screen. The
operalor intervenes it the device seems to
have lrouble maneurvering o accomplish-
g A8 assigned task

In & Sea Granl report published n July
1979, graduate student Thurston L. Brooks
describes the computer program and the
masier/slave conirols that teach the
manipulator basic 1asks for undersea
platform maintenance. The MIT engincer
developed a language and control philo-
sophy, dubbed SUPERMAN, which 1akes

nto account spatal relationships between
the manipufatoe and its 1asks as well as the
slow and low resolution 1elevision com-
munications now achevabie in the ocean
environment

From July 1980 through June 1983,
Professor Shendan and associates aim
loward decreasng master-slave drection
and mcreasing computer msiruction and
control Using @ newly renovated laboratory
manipulator, they hope to overcome
refative motion between the vehicle and its
lask--a problem encountered by human
divers and the telemaniputators alke
because current forces constantly push
along lree swimmng objects. A diver
tightening & valve or scrubbing a platform
g simply holds on with one hand. It's more
complcated for a robotl. The researchers
pian to keep the manipulator steady by use
of sensor and computer arms that make
constant adjustments for changes in
position. Similar compensation will be
possible if a manipulator reaches for a
valve but misses; the computer could
Simply say. Iry again but move to the left

Work is underway to determine the besi
radeodls between the man/machne co-
workers to astomate what can be
unadersiood and predicted and 10 assign 1o
hurman beings what is not predictable nor
undersiond, a common circumsiance in the
ocaan environment.

Principal Investigator
Thomas B Sheridan
Protessor

Depanment of Mechanscal Engineering
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Acoustical Telemetry for Untethered
Vehicles

One of the greatast hindrances faced by
ocean scentists who are

unmanned vehiclas for study and data
recovery is the tether that links the
Instrumentation 10 a surface vessel or
workng platform. Not only do the tethers
tangle easily on platform legs or under-
waler debns. but they create tremendous
drag, which resincts the independence and
movement of the underwater vehicles,
Advances in microprocessing, underwater
transmission equipment and communica-
tons theory promise 10 free remotely
operated uncervaler vehecles from an
encumbenng umbdical coed

In & Sea Grant project that began in 1978,
Prolessor Arthur B. Baggeroer has led the
task of applying communications theory to
the encoding of cigital data theough
frequency shift keying of acoustic signals.
A microprocessor converts four bits of data

info a code comgrised ol eight-1one chords,

The choras are then transmitted directly
through the ocean on a frequency band
cenered at 50 kHz. Each message s
accompanied by two other signats. One is
60 kHz tone and acts as a reference 10 help
the recewver account for a Doppler shift (the
change in piach of @ sound resulting from
redative motion between the source and the
recgiver ) the other signal sent on 30 kMz
keeps the messages separate.

This new system of telemetry must
OVercome the severe reverberative prob-
lems charactenstic of the ocean environ-
ment, especially in shallow waters where
the signals echo. Shift keying into different
frequencies overcomes the reverberation.
By sending each eight-tone message on a
dfterent frequency, each channel has time
10 free asall of echo belore being reused.

The Sea Granl researchers are using a
drectional data transmission system
borrowed from sonar and radar technology
10 steer the message along & path. A lour
by eight element array consists of smal
ransmitters, each with a grescribed signal
time delay that poinls the encoded chords
In a drection controlled by an operator on
the surface.

When the messages reach the receiver
they are spid ino throe separate signals—
the eight-lone chords, a Doppler signal and
a syncheonizing signal. each exght-bit data
segment is reconsiructed from the
fraquency spectrum; and the original four-
bit message is derived from an error-
correcting algorithm

Professor oer and s research
leam from MIT and Woods Hole Ocean-
ographc Institution hope Lo transmit 4
kilobits that can be maniputated to
accommaodate the vanables of indwidual
remotely operated vehicle (ROV) assign-
ments, such as task complexty, eror
lolerance, distance from the data sowce to
the decoding receiver, acoustic channel
charactenstics, and ocean conditions

Principal Investigators

Anthur B. Baggeroer

Associate Prolessor

Department of Ocean Engineering
Department of Esectrical Engineenng and
Computer Science

Jeftrey M Shapiro

Associate Prolessor

Depariment of Electacal Engineerng and
Computer Science

Deep-sea Welding

Professor Koichi Masubuchi has generated
basic information about deep-sea welding
and culting techniques that can be
amployed 10 make repairs more efficiently
and economacally on both marine struc-
turas and cargo ships, In 1974, he
published the first comprehensive study on
the fundamentals of underwater welding in
aSea Grant report; in 1977 he patented a
device lor stud wekiing. and in 1979 he
patented a submerged arc welding process
which works well in marine conditions

Underwater weiding has generally resulted
in brittle, unveliable welkis because of the
raped cooling effect of seawater, and
hydrogen ons freed by the underwater arc
In using the new technique, a flux-filed,
water-light plastic enclosure is taid over the
ot 1o be welded. The elecirode is inserted
through the plastic. and the welding takes
place in a flux-filled environment. Brittie -
ness is prevented because the weld cools
vefore the water displaces the flux

The welding technique and weiding tools
were extensively fested in a six-oot
pressure tank which could be activated by
an operaitof standing on the outside and
viewing the welding process through a
window on the wall of the tank. In the
laboratory the researchers were able to
simulate undarwater conditions up 10
pressures of 700 feet (300 psi) without &
costly investment in equipment.
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Now Prolessor Masubuchi has turned his
attention 10 the development of a cassette
system capable of performing a stud weld
by pushbution control, By turning to 20th
century “ingtamatic” technology, the re-
searchers loresee a ool that could be used
by an unirained tiver or by a robot vehicle
It will also have uses offshore and 1or ship
salvaging and repair work. The device will
be safer than existing welding methods
because no sparks and few fumes are
released 10 cause a fire or explosion

Principal Investigator

Koichi Masubuchi

Protessor

Deparvment of Ocean Engineeting

Mining Manganese Nodules

In the past decade, deep-ocean mining has
attracted the intense interest of the maring
commundy for two reasons. One, the
search for manganese nodules promises to
be profitatde;, and the extracied melals
could hedp to reduce US dependence on
foreign impornts. 1975 figures show that the
United States impaorted 9 percent of its
primary cobalt, 71 percent of its primary
nickel, and 15 percant of 1s primary
copper. In twenty years il is expected that
the country will be 1otally dependent on
Imgponts of the first two metals and a large
frachon of copper,

Professor J, D. Nyhant colaboratled with
one of the major consotia interested in
developing a new deep-sea industry 1o
create a mogel that would permi casy
expioration of vanous linancial and
operational alernatives as they affect the
economics of mining manganese nodules.
Sea Grant supported the india! compiation
of the model, which has become & primary
Information source 1or NEegotating financial
arrangements in the Third United Naticns
Law of the Sea Conference. Those talks
have progressed more slowly than
expected, but deep-sea mining holds the
potental of being a trillion acliar business—
with many countries holding rights tc the
seabed, but only a few possessing the
technology 1o mine i

Both the Law of the Sea negotiators and the
US. government seek 10 create a stable
economic and political climate in which
national and multinational companies can
remove the valuable resources with the
asswrance that their massive investments
will be protecied. Al the same time
everyone wants (o find a way 1o share the
benetits of a commonly held resource.

One ol Sea Grant’s mitial goals in
sponsonng research is to find matching
support, lke that supplied by the mining
CONsorla, S0 that users of 1he research
become immediately involved. If the
research moves iMo & second of 1hird
phase, the Program sometimes continues
its support or helps the prncipal investi-
gator to find ancther appropnate ndustry o
government sponsor. An update and
refinement of the deep-sea mining moded s
now being supporned by the National
Oceanic and Atmosphenc Department's
g'vvision ol Marine Mimerals through Sea
rant

Principal Investigator

J. D. Nyhart

Prodessor

Depantment of Ocean Engineenng
Alfred P. Sloan Schoof of Management






Oil and
the Environment

For as long as oll Is needed as a primary
energy source, the attendant problems
of oll spill pollution will continue.
Oceans are the highways torcanylng
petroleum from field to refinery to
consumer. And Increasingly, new oil

sources will be tapped In offshore areas.

The threat of accident from a human

orror Is ever present, despite the best
elforts of industry and government.

MIT Sea Grant’s research has sought to
reduce potentially negative impacts of
ofishore development on other marine
industries by helping to improve oil
containment technologies and provide
information that can be used to devise
stralegies for sharing ocean spaces.

Oil on Georges Bank
Offshore Effects on the Coastal Zone

When the Secretary of Interior in June 1971
announced a schedule lor leasing petrole-
um tracts on Georges Bank, a number of
New England groups strenuously objected.
State and local government, regional
aulhorities, conseovationists, environment -
alists, private cibzens and the entire fishing
industry noted a lack of factual, credible
information that would help them assess
either economic benefds or the environ-
mental nsks of drdfing for oil on one of the
world's richest fishing grounds, near a
coastal area economically dependent on a
thriving tounst industry.

In December 1971 Sea Grant Director
Alired A H. Keil organized & conference of
state and industry representatives 1o solict
a2dvice on the research needs of the
Massachusetts and New Engtand com-
munities, Two attendeas of that meeting,
the New England River Basin's Commis-
sion (NERBC) and the New England
Regional Commission (NERCOM) sug-
gested that Sea Grant study the Georges
Bank controversy to determine what impact
ol production would have on regional
ncome. onthe quality of New England’s
environment, and on other macine in-
dustries. The two organzations agreed 10
share support of this critical undenaking
with Sea Grant, the Doherty Foundation,
and MIT. An interdisciplinary study team
was formed, led by Professor John W,
Devanney, Il and Instructor J. B. Lassiter
Sox student research assisiants parici-
pated in helping the entire laculty team
which included Professors M. A, Adeiman
(Department of Economics), J. A. Fay
(Department of Mechanical Engineering),
the late E. R. Gilliland (Depantment of
Chemical Engineering), D. P, Hoult
(Department of Mechanical Engineering)
and S. F. Moore {Department of Civil
Engineering).

The researchers used compulers to model
production schedules, the number of
producing wels, and the frequency of
petroleum shipments in New England's
walters. Variables for the model were &
seres of hypothetical estmates of the
amount of oil and gas under Georges Bank
from zero 10 @ mape ting. Creating a
comprehensive model allowed the leam to
ask “what it.” Their purpose was not 10 offer
advice or make judgments, but 1o devise a
trustworthy planneng teol—Iree of bias and
propoetary inferests.

When the project was completed in March
1973, the research group published their
results in an MIT Sea Grant repon, The
Goorges Bank Petrolewn Study. Sea Grant
organzed a one-day symposium of 300
people from environmental groups, gov-
ernment and industry. Professor Devanney
presented the project résulls 10 the
Massachusetts Special Legisiature Com-
mssion on Marine Rescurces and Bound-
anes. In'Washington, the Whae House
Council on Environmental Quaity asked
the peoject team to conduct a simiar major
environmental study of offshore ol
devejopments on the entire Atlantic
Continental She and the Gulf of Alaska.
These results were published in 1975 in
MIT Sea Granl repont, The OCS Petroleum
Pie and MIT Sea Grant report, Primary
Physicalimpacts of Offshore Peisoleum
Development: Report to Councif on
Environmental Qually.






Aerial photograph ol an oil comtainment boom
being towed by Iwo vessals

Tne Georges Bank study team recom-
mended further research in ol spdl
comainmen! and clean-up, They con-
cluded that anhowgh estimated petrolewum
spis would have littke eflect on the offshore
Georges Bank ecosystem or s fishenes,
coastal ecologies could be threatened by
onshare refinery activiies and increased
lanker traffic.

A model they deveioped 1o precct the
spread of an oll spill on Georges Bank (s
used today by the U S. Coast Guard. Its
mast dramatic application occurred in
Dacember of 1976 whan the ARGO
MERCHANT went aground on Nantucke!
Shoals spilling 7. 7 million gaions of fuel of.

Principal |

John' W, Devanney, Il

Associgte Prolessor

Depanment of Ocean Engineerng

Qil Spill Modeling, a Review

The need 10 develop régulations that
bakance risk and benefils has become
mMOre Pressing as ocean development
maoves lorward. Olfshore areas otler
potential energy Supphes essential to the
operatlion of our technological society,
These same waters also nunture seatood, a
valuable source of proten.

Regulations now being formulated with the
cooperative efforts of government and
industry are accounting for the woekd's
needs for food and fuel. To do so
confidently, a number of important ques-
Bons neod to be answered. Whalt impact
wil ol have on olf- and near-shore
fisheries; what eflect would a major o spill
have? How and where woulkd spis in
different olfshore areas spread? How can
strategies be devised for containing siicks?

Computer models are helping scentisls
and engingers answer these difticult
questions. In 1977, under Sea Gran!
sponsorship, a team of researchers from
MIT's Ralph M. Parsong Laboratory for
Water Resowces and Hydrodynamics
reviewed the state-ofthe-art of od slick
modelng for predicting the spread of
instantaneous swiace spiis. The purpose
was Lo prepare & yardstick lor measuring
existing modeing elforts and 10 ovaluate
the current demand for new research. Ther
conclusions, documented in a Sea Gram
report, are now considered a cntical
reference lor scentisls, engineers and
legisiators.

Principal |

Keith D. Stolzenbach

Associate Professor
Department of Civil Engineenng

Qil Slick Control Offshore

Oil coming ashore anywhere, whether from
arelining accidem, 2 tanker Colison, or an
olfshore ceilling mishap, often resulls in
considerabie loss. Closed beaches iImpose
ECOonOMIC hardsips on 1ourist and
recreéational industries. And damaged
marine life—even i it recovers com-
pletely —can critically atfect the produc-
bivity of nearshore ecosystems

Technology for nearshore splis has
advanced greatly in the past ten years. but
IXTOC |, the accident in the Gull of Mexico,
revedled senous shartcomings in offshore
clean-up operatons, Al MIT Prolessor
Jerome M. Ndgram has warned for some
time that more research 1§ needed 1o
devise more gdfectve control technology
for offshore oil spills, Begnning in 1975,
Sea Grant sponsored several projects
under the leadership of Professor Migram

He lirst construcied a laboratory flume in
which 10 study eflects of waves and
cureents on contained ol The narrow
channel, 30 feet long with perectly aligned
sides. allowed Professor Milgram and
Robert Van Houten (now an MIT Assistant
Protessor in Ocean Engineenng) to
observe the unstabée bouncary between il
and the moving water that pulls ol bubbies
beneath contanment barriers. Because the
channel was designad to minimae
turbulence, it alowed accurate measure-
ment of 1he effect of spilled od in simulated
seawaler currents






While working on Sea Grant o spil
research. Professor Milgram was also
involved in a Coast Guard study of ol
disparsion into the sea. When the ARGO
MERCHANT went aground, he went
aboard the stranded vessel with Dr. Edward
Kern of the MIT Lincoin Laboratory 10
observe the spidl and ds interaction with
breaking waves. He subsequantly wrole a
Sea Gramt report, Being Prepared for Futwre
ARGO MERCHANTS, which outined hs
observations and recommendations foe
preventing catamious spils from damaging
the coastine In the future. The ocean
engineering researcher was asked to
participate in efforts tocap the IXTOC |
biowout. This has ed 10 suppoet from the
US Geological Survey for rosearch onthe
hydrogynamics ol oil-gas-waler plumes
Irom subsea blowouls and on methods for
collecting od in these plumes,

Principal Investigator
Jarome H. Milgram
Professor

Department of Ocean Engineering

Developing Effective Clean-up Strategies

According 1o US. Department of Transpor-
tation higures, in 1977 alone over
11,000,000 gakions of ol were accidentally
spilied by vessels inlo the nation’s waters,
with tankers responsible for 9,800.000
gallons Despite the senousness of thes
ongoing problem, no analytical study exsls
for estimating the economic and environ-
mental costs to manne industres and to
societly.

At the gresent time, the Coast Guard is
designing an optimal ol spdl clean-up
system for large accidents involving
quantities of over 100,000 galions. But of at
least equal concerm are the pemicious
smaler spis that occur more frequently,
close 1o the vulnerable coastal environ-
ment. This soet of problem s multi-
dimensional, involving regulations, tech-
nology, economics, and systems analy-
sis—just the type ol challenge Congress
mandated Sea Grant to accept.

In July 1979, motivated by a MIDAS
meating and jointly supported by Sea Grant
and industry, Prolessor J. D, Nyhart, a
lawyer who leaches ocean reguiatory law,
and Prolessor Harilacs N. Psaraftis,
operations research expen, assembled a
research lask force to develop two
analytical clean-up models for small and
medium spilis. Rounded out by several
ocean engineenng consultants, the team
has enlisted an advisory committee from
government and industry. They have
recewed financsal support from the Coast
Guard, the U.S. Navy and the Spill Control
Assocation of Amernca, a group ol
companies involved in cleaning up od on
prvale conlract of in conuncton with the
Coast Guard.

Through June 1881, the team will collect
exiensive data and conslruct two computer
mooets, One wil help 10 analyze the costs
10 indusiry and to society of cleaning up oil
spiks; and it will enable the researchers (o
compare environmental 3amage Costs—
with the price of systematically cleaning up
a¥l (or most) of the oil spilled in nearshore
accidents.

The second model will help devise
strategias for designing optimal clean-up
syslems, recommending good locatons for
amergency laciies, designating the
equpment needed, and recommending
tactical decisions for ol spills of varying
sizas and locations.

In tandem with the development of the
madels, the researchers and thew advisory
committee wil analyze the consirains that
current or proposed reguiation and
legislation could have on optimal ol spill
clean-up

Principal Investigators

J. D. Nyharnt

Protessor

Depanment of Ocean Engineering
Alfred P. Sloan School of Management

Hardaos N. Psaraftis

Assistant Professor

Department of Ocean Engineering
Henry L Doherty Professor in Ocean
Wtilization 1979-1881






Technology
for Ocean Uses

Al the Institute, Sea Grant has joined
with faculty and student researchers {o
advance technologies for opening up
the ocean's vas! potential. The waters
themselves — tides and waves —
promise new energy sources; the
seabed, once unreachable, can be
probed and photographed; and tradi-
tional uses such as transportation and
recreation are being made more
elficient and safer.

In ten years the range of problems
attacked by MIT Sea Grant has been
broad and exciling. The projects
reported in this section are a sampling
of those undertakings, illustrating past
asccomplishments and future challenges
that remain in ocean development.

Energy From the Oceans

Almost everyone agrees that sources of
energy other than of and gas wil be
needad in the decades ahead At present
NO ONe energy source appears 1o provide
an easy or feasibée answer, but scientists in
indusiry and universities have only recently
ungenaken inlensive aternative energy
research. As technologies develop, It may
be poss:ble 1o produce a whole system ol
energy sources using the sun, land and
marine biomass, winds, ocean temperature
differentials, and lides and waves

AtMIT, Sea Grant investigated the
elticiency and practicability of employing &
teardrop-shaped cyinder as a polential
small power source lor al-sea use, Named
after s British inventor, the Salter Cam
rolates on a cemral axis, rocking back and
forth with the waves and absorbing energy.
Uncenain about s behavior under random
wave conditions, Professor C. C. Mei
conducted a thearetcal hydrodynamic
computer analysis that proved the effi-
ciency of the concemr. Professor A
Dougtas Carmechael used MIT's wave and
fowing tanks to assess how the cam would
perform with waves approaching it from
vanous directions and expenmended with
mooring forces and efficiencies.

The results showed that the device indeed
absorbs and convers wave energy very
woll. The waves aro capablo of transmitting
impressive amounts of power, with an
average of 60 kw per mater in some
environments but about 8 kw in a low
energy location ke New England, How-
ever, Prolessor Carmachael's economic
studes found that the costs of conversion
1o electricity, electnical transmissaon 1o
shore, mooring, and total capital investmant
made the cam uncompettive for the
present.

Ala 1979 Colegium meeting, the
WesLgators conternng with a number of
people from ndusiry conciyded that the
research had been most useful in
NAMowWIng wave energy research 10 other
systems for the time bewng. It 18 as much a
mandate lor Sea Grant to ling out what will
fail as 10 discover what can work. Energy
and ocean resaarch are bath on a frontier
where no progress is possidle without nsk.
University résearch, with government
support, can boldy take some of those
risks. Further theoretical studies are now
being purswed by Prolessor Mei and
Professor J. N, Newmen of the Depanment
of Ocean Engineerning

Principal Investigators
A Douglas Carmichael
Prolessor

Department of Ocean Engineering

Chiang C. Mei
Professor
Department of Civil Engineering



Thermal Tests Detect Fiberglass Flaws

Over the 1ast twenty years, libergiass
compesies have been used more andg
more frequantly by the boaling indusiry,
replacing such traditional matesnals as
wood. steel and aluminum Fiberglass
offers the advantage of high strength and
stiffness in a lightwesght compound.
Although it is less expensive and requres
less maintenance that these radmonal
maleriats, it is inharently nonhomogenous
and slight vanations in the fabncaton,
curing. and heating procedures may create
fiaws that weaken the fiberglass without
any visual elfect.

Existing techniques for determining struc-
tural Baws Such as the x-ray scan used by
the aircralt mdusiry are prohibitively
expensive. and so scientists and boat
manulacturers have been searching for
cheaper methods of inspection.

Currently, Professor James M. Williams, Jr.
IS working with both graduate and
undergraduale students in MIT's Mechani-
cal Engineering Composite Matenals and
Nondestructive Evaluation Laboratory to
develop an maxpensive, easty utilized
thermal testing technique that can identify
fiberglass flaws n watercraft. The re-
searchers are correlatng how various
lypes of imperections affect the structural
integrity of diferent types of fiberglass
through thermal testing. The method is
based on the detection of surtace
lemperature diferences that result when a
llaw alters a structure’s normal heat flow
pattern.

Professor Wilkams is investigating the use
of cholesteric liquid crystals apphed 1o a
lest surface as a thermally sensitive
coating. Temperature ddlerences above a
flaw show up as & vivid color region that
can be observed drectly as a “hot spot.”

He is adapting this process 10 a kit with
simpie tables and graphs, Companies
coukd purchase a complex version with a
continuous line of spraying and heating
elements for inspecting crafts belore they
are sold. Insurance companies might use
the technique as an alternative to present-
day inspection lechniques o determine hull
standards. And ultimately, individual boat
owners will be able o use the Sea Grant
technigue to monitor the condition of boats
atthe end of each season 10 chedk for any
weaknesses or hull gamage.

Principal Investigator

James H. Wiliarns, Jr.

Associale Professor

Depariment of Mechanical Engineering

Ship Wave Resistance

A basic problem in naval architecture has
been to predict and minimize wave
resistance in ship hull design. As long ago
as 1876, fundamental experimental and
theoretical research was initiated 10 find
solutions. In his Sea Grant project.
Protessor Francis Noblesse has been
evaluating a thecey which he recently
devised,

His aftention and the mterast of others in
reducing wave resisiance have ncreased
inthe past ten years because ascaiating
fuel bills have created an acute need for
aminishing the drag of sheps. At the same
time, advances in computer 1echnology
have made & possidble 10 conternplate the
development and implementation of com-
plex mathematical theories,

Principal Investigator

Francig Noblesse

Assistant Professor

Depariment of Ocean Enginearing
Henry L Doherty Professor in Ocean
Uttization 1979-1881
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The Doherty
Professorships

In 1973, the Henry L. and Grace Doherty
Charitable Foundation established the
Henry L. Doherty Professorships in
Ocean Utilization to encourage non-
tenured MIT faculty to focus on
contemporary problems in the marine
field. The chairs help to attract and
support outstanding young teachers
and researchers with interdisciplinary
backgrounds as they begin work in the
emerging marine field.

During their two-year appolntments
Doherly Professors remain affiliated
with their respective academic depart-
ments, bul conduclt their research under
the aegis of the MIT Sea Grant Program.
The Doherty Professors during the past
year have been Professors Francis
Noblesse, Alician V. Quinlan, and
Harllaos Psaraitis.






MIT Sea Grant Research
1970-1980

Duration
of Project Project Principal Investigators
19701871 National Ocean Policy 'NJ.Padeford
19701972 Ocean Transportation N o  EG.Frankel
19701972 Future of Atlantic Ports _ G Frankel
19701972 Estuary Modeling AT Ippen
1971 Oll Oxidation by Marine Bacleria P W._Robbins
1971-1972 Environmental Impact of a Supertanker Portin the Machins Bay Area S F Moore o
1971-1974 Ocean-Borne Commerce and the Future Interoceanic Canal NJ Padeford
1911 ,‘_9:“ m';;m in Iluuehuum acy md Mmm;l}; ) TT Ippen
£ L Mollo-Cheistensen

1974-1976 The Sea Environment in Massachusaetts Bay and Adjacent Waters JJ. Connoe, Je
1976-1977 The Sea Environment in Massachuselts Bay and Adjacent Walters éﬁm*
19711974 Fundamenial RMMUMINMNMM K. Masubuchi
19741978 Development of New and Improved Techniques for Underwater K Masubuchi

Welding and Cutting
19761960 Deveiopment of Joling and Cuting Techniques or K. Masubuchi
196801082 &v.mw momm (“Instamatic™) K. Masubuch|
19711975 Utliization of Squid for Processed Food Products SA. Goldbith
1872-1073 Offshore Petroleum and New England JW. Devanney, Il
19721973 Assay of the Marine Resources of Massachusetts Bay JB Lasster
1872-1973 Mariculture Project Development W.W Seifen =
1872.1973 Pm' Development of Automatic Means of LS Suro
9121974 Port Design and Analysis Methodology B EG Frankel
19721974 Non-Technical Problems of Marine Waste-Food Recycling Systems Low s
1972-1975 Fracture Toughness of Relnforced Plastic Hull Materials F.J. McGarry
19731974 ~ Analysis of Offshore Mineral Leasing and Royalty Policies JB. Lassiter
19731975 ”ﬁ&i&“&.‘.&:&‘i;&m with High Energy Electrons 4G Trump
19731975 _ An Improved Hook-Up Block for Side Trawling 8P Loutrel
19731978 Using Cooperatives 1o Ald the New England Fishing Industry HS Marcus -
19731978 Evaluation of Potentil of Heated Finishing Plant for Oysters W.W. Seden

JW. Zahradnik




Duration

of Project Project Pﬂnclpd immlouon
19731975 Structure of Chitosan 8 l Avomach
19751978 The Properties and Applications of Chitosan 8L Averbach
1976-1980 Chemical and Structural Characterization of Chitin and Chitin B L Averbach
Derlvatives for Industrial Application
19791962 Synthesis of Chitosan Structure Matrix for Food CK Rha
19731976 Multipurpose Offshore Platform Design C. Chrygssostomidis
1074-1975 Conceptual Study of International Marine Technology Transfer J.T. Kidow
1974-1975 Resolution of the Ol Spill Transport Conhonny JW (}o;famoy. i
1074-1975 Practitioner's Guide to the Law of the Sea Conference 4D Nyhan
RA Baxter
J T Kidow
LB Sahn
1874-1975 Survey of Ocean !n'lmorlng JW. Davannay, Il
19741975 lhmomntoim\oqnmumu Under the 200-Mile Limit JW. Davanney, i
19741977 Content, Composition and Fate of Physiologically Important Lipid S A Golcbie
Components in Raw and Processed Shell- and Finfish E R Pariser
19751977 amwmsvdumono'onwummmm.mu«hnu JJ Conmt Jr % .
Assessment Assoclated with Proposed Deep Waler Ports B A Pearce
KD Swolzenbach
1975-1976 Oll Splllage Impact Study on World War Il Tnnw SInldnos £ Korn
1975-1976 Perspectives for Bullding Public-Private Cooperation AT Kidow
ln IM Couu e
19751976 spodmﬂumldc nmo Sensing of the Red Tide Algae g Ezewel
19751978 SMMWMDOMMWMFM JH. Milgram
of Offshore Structures »
19751976 Industrial Application of Chitin and Chitin Derivatives NA Ashiord
19751977 Regulation of Offshore Technology Under Extended Jurisdiction JO Nyhant I
1975-1977 Numerical Theory of Wave Effects on Offshore Structures C.C.Mei
1975-1977 An Improved Trawl Door Hook-Up System SP Loutrel
A B Cldlon
197&!977 MMM:MMFM«TMMMM!MSM&MMM JH Molomon
1975 1917 A!loohomlul Model for Coastal Waters MnmAwlaﬂon FMM Morel
to Red Tide Outbrenks
1977-1979 The Role of Trace Metals on New England Red Tides F MM Morel
197619682 Sw. Chisholm

;da oég.m smuglu of the New England




Duration

of Project Project Princlpal Investigators
1675-1978 Oll Slick Control In Offshore Environments JH. Meigram
16761977 The A of the Robot Submersible to Side Scan AD. Carmichael
179-76'-1977 3 Georges Bank Fishery Study JW.Devanney, |li
19761978 " An Improved Trawi Board for the New England Fishing Fieet 4K Vandive
1876-1978 The Hydrodynamic and Engineering Evaluation of an "~ AD.Carmichael
Ocean Wave Energy System C.C Moi
1976-1978 Longshore Sediment Transport oé Madsen
19761978 Computer Documentation Dissemination - JJ.Cormor de.
19761978 Development of a Guide to Information Sources In the Fleld M Chryssostomicis
of Englneering
1976-1978 WeMM‘MMMm JX Vandives
1576-1978 Eﬂm“&gﬂ::f%mwd.“mm cc ngn
1678-1981 In SHtu Evaluation of Geotechnical Properties of Marine Sediment MM Bal
1976-1978 Development of Processes for Skinning the Spiny Dogfish Shark CK AN
1978-1980 Development of Processes for Skinning the Spiny Dogflah Shark D.G. Wison
1976-1979 Enhancement of the Stabliity of Common Polymeric Materials RG Donnelly
Against Undersea RE. Cohen
1876-1980 * Application of Teleoperators to Undersea Tasks T.8. Sheridan
1860-1083 aomolo Cwalm for Unmanned T B. Sheridan
1876-1981 m&fmcoumomnpoomumg JD. Nyhart
1976-1981 An Analysis of Offshore Brine Disposal Techniques K0 Stoizenbach
1977-1978 Laser Inertial Rotation Sensor for a Portable Navigation System S Ezeksel
16771978 Wave Spectra Monltoring Direction Buoy A.J.Van Houton
16771979 Surf Zone Hydrodynamics: A Fleld Investigation 0 Madsen
1977-1979 The Effects of Of and Physical Properties and of the RG. Donnelly
Ambient Water on Oll Slick Dispersion
1977-1979 Oftshore Geotechnical Risk Analysis G.B. Baecher
1970-1982 Ansiysla of Geophysical Information In Oftshore G.8 Baecher
1977-1981 Seawater Intrusion In Offshore Isiands JW. Wison, 1l




of Project Project Principal Investigators
1978-1978 The Dynamic Behavior of & Tohnd Current Meter M. Triantahyiiou
19781979 MumMo{Navy Metals in &nﬂucmlnluo DN Hume
Surface Active Agents
19781979 Massachusetts Bay Circulation Studies JJ. Connor, Jr
16781979 Physiological Measures of Mental Workload E gavalno
J Tole
1978-1979 Theory for Mass Transport due to Water Waves Beneath Wind JH Milgram - o
ma l980 Robot vmem for Surch and Surny Appllum AD.Cammichaed
19781979 Undomm Camuunluﬁon System for Unbﬂmod Vohlclu A B Baggeroer
and Sensors
18791581 Underwater Communication System lor Untethered Vehicles AB. Baggeroer
and Sensors JM. Snapiro
DE Koeisch
19781980 Quality Control of Fiberglass Boat Hulls Using Thermal Testing ~ J H Willams, Jr
and Liquid Crystals
1960-1962 Deovelopment of a Liquid lllls Kit tor the Structural Integrity JH Williams, Jr
Assessment of Fiberglass raft
1978-1981 Wave Attenuation by Bottom Friction OS8 Madsen
1678.196 Ecodynamic Analysis of Alonl Blooms ?oullng Nahant Bay Beaches AV, Quinlan
1978-1961 Wave Attenuation by Bottom Friction 05 Madsen o
19781981 ewmmmummswmmmunm AV. Quinian
1978 1961 Mocllty and llmbolom of @ Marine Microorganism in Rdoﬂon to E Bell
its Substrate Zostera mavina
19781881 Trace Element Uplake in the Maine Food Chain M. Janghorbani
G C McLeod
19761981 Implementation of a New mm for Evaluating the Wave F Noblesse
Resistance of a Ship
19791980 Method to Predict Foundation Displacement of an Offshore Facility WA Marr
W.T Lambe
‘97@-!9&0 The Role of Heavy Metals and Onnr Cathodic Depolarizers on the A Latanison
Corrosion of Aluminum in Sea W. J. Mavor
1979-1981 Boston Harbor mmmnlwohd JT. Kidow
$979-1941 Ol Spill Ctoln-l.lp and Liabilty Ilodolo J D Nyhan
H. Psaratlis
1979-1582 of Dredge Spolis by Extraction with Water under M. Modell

Decontamination
Near Critical Conditions




Duration

of Project Project Principal Investigators
15791582 Tidal Induced Transport in Salt Marsh Ecosystem HF Hemond
K D. Stolzenbach
J Teal
@804982 N ho;omol!loocﬂncompoundtmm iswl:a;\q«‘
J. Glowacki
1950-1982 Small Scale Tidal Power In Eastern New England JA Fay
1980-1963 Design Against Collision for Oftshore Structures J.G. de Oliveira
National Research Projects
1978-1978 Development of a Simple Englneering Model for the Nearshore 0.S Madsan
Velocity Field
19781980 Review Theory of Tracer Dispersion and Advection In Fluids and 0.5 Madsen
Evaluate Present Tracer Use In Sediment Transport Studies
The Nature of Pitting of Aluminum in Seawater

18680-1983

RM Latarison






Advisory Services

The concept of advisory services is one
of sharing information and of stimu-
laling communications between the
university base of Sea Grant and people
working in business, Industry and
government or living In coastal areas.
The relevance of the Program’s re-
search to the community’s needs is
dependent on a continuing, lvely
interaction among these groups.

A study prepared by MIT's Sloan School
of Management In 1977 pointed out that
early community and industry involve-
ment in Sea Grant's research helps to
ensure the broad and timely applica-
tions of the results. A P
between facuity and students with the
people who will use the results tallors
the research to real problems and
atiracts valuable information and finan-
clal support for a research team. Sea
Grant's advisory services play an
Important role In developing and
promoting these partnerships.

Each Sea Grant Program throughout
the entire network has designed
advisory services differently to refiect
the host institution's strengths, tradl-
tional conslituencies, and evolving local
interests and problems., MIT's services
mirror the Institute’s preeminence in
technology sharing. The Massachusells
Marine Liaison Service provides a
critical connection to conslituents in
New England and the Commonwealth;
the MIT/Marine Industry Advisory
Service has developed a strong working
parinership with U.S, government
agencies and industries here and
abroad; the Communications Informa-
tion Services are the Program’s pub-
lishers and provide ready access to
information generated through the Sea
Grant network, MIT and In allled
marine-related organizations who are
working toward the wiser utilization of
ocean and coastal resources,

MIT/Marine Industry Colleglum

The MIT /Marine Industry Advisory Service
created the Collegium in 1975to provide a
forum for government, academia and
industry to discuss the use and economic
potential of evolving marine lechnologies, A
complement of the Instaule’s Industrial
Liaison Program —which has a long-
standing pannesship with U.S. and loregn
businesses—Sea Grant's Collegium emu-
iates its dictionary definition ol "an
association of peers banded together for
some common good.”

Workshops presented lour imes a year
promote cross-feniization of deas among
attending members and MIT faculty and
sludents. Each hall-ay or day-long
workshop includes a presentation by
universtty researchers cenlered around an
aclive research projecl Advance drafts of
Opportunity Briefs cutline the project's
objectives and potential and help Collegi-
um members select meetings of use and
interest, At the workshops, dalogue
petween the academics and members
shifts from lectures o lively debates 10
sedale one-on-one conversalons

Industry engneers and scienlists can
share perceptions with government mem-
bers, suggesting where legeral monies can
best aid the development and management
of ocean resowrces. University laculties
and students can make valuable mdusiry
contacts and gain access to nmdustry
perspectives that further oc help redetine
their research

Since its founding, the Collegium has
helped to guide the diraction of MIT's
research program as the needs of these
Sea Grant constituents become avident. A
glance at an opportunity brief list raveals
great interest in the enonomic, political,
social and engineering aspects of offshore
developmen, It 3iso shows a range of
concerns from coastal zone management
10 "ocean power’ as an energy source.

Principal Investigator

Norman Doelling

Manager

MIT Sea Grant College Program
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Massachusetts Marine Lialson Service

Many busingsses, lke those that compnse
the fishing industry, are small and
entrepreneunal Because of their size, they
are often unable 10 invest in the kind of
research and development that would spur
growth and greater profitability. One of Sea
Grant's responsibaties is 1o ensure that
thesa small companies can cal upon the
talents within the nation’s university system

AL MIT, the Massachuseits Marine Liaison
Service (MMLS) keeps track of local needs
and tres to leverage support by coordinal-
ng research expertise at the institute with
he expenence and knowledge of the
marine community. Improved trawling gear
and food processing technoiogy are the
products of close cooperation between the
fishing industry and MIT faculty and
students. Fishermen tested a new traw
door, & irawl door hook-up system, and 8
hook-up block theoughout the prototype
ana fnal design phases. A dogfish skinning
machne resulted from the joint support of
Saa Grant, the National Marine Fisheries
Service and the caretul, ongoing evaluation
from pecple who are 1he ullimate users of
e lechnology.

Increasingly as coastal communities have
expanded, shorefront erosion has become
a problem. Pubic beaches are disappear-
Ing and shoreline homes are threatenad.
Town governments, homeowners, tourist
businesses have calfed upon Sea Grant
through a joint project, the Extension Sea
Gram Advisory Program (ESGAP), which is
guided by MMLS and the University of
Massachusetls Cooperative Extension
Service. On Nauset Beach, extension
agents worked with residents 1o replant a

dune area with new stands of protective
beach grass. During 1977-1979, ESGAP
nstallod sand-fillad plastic bags in several
locations as an experimental protection
device, The technigque, though successiul
n other states, proved inadequate for the
hagh energy Massachuses coastine

An extension coastal engineer has mat with
hundreds of local citzens to dscuss and
evaluate eMficient and economical pro-
lection techniques. Working with a group of
MIT students and the Nantucket Conserva-
tion Commission the Sea Grant advisory
service sialf devised a long-range planning
lool to assess the stabdity of Nantuckel's
shorelront properties. Accumulated data of
erosion and deposition trends over one
hundred and twenly fve years can be used
by banks, homeowners, developers 1o
select new building siles or protect existing
homes

MMLS manager Arthur Clifton and Massa-
chuselts Maritme Acadermy faculty mem-
ber David Kan have organized an
educational program lor fishermen. The
courses held during winter and early spring
months help fishermen keep atxeas! of
new lechnology and regulatons and
sirengthen some necessary and basic
skills such as piloting, net mending.
equipment maintenance, and business
management.

This advisory service project's resources
go beyond the state, Workshops and
conferences organized with other Sea
Grant Programs draw upon the research
strengths of many schools and capitalize
on an entire nétwork of information
SOurces,

Principal Investigator

Arthur B. Citlon

Manager

MIT Sea Granmt College Program







Research Vessel EDGERTON

The christening of MIT's research vessel
on 26 August 1977 launched a working
platiorm and classroom that had been five
years m the making In 1972, Prolessor E. L
Mollo-Christensen and the tate Prolessor A
T.lppen had organized an ad hoc
committee of faculty and staff to find a
vessel equal to the demands of the
Institule’s expancing commetment to
marine research.

With the approval of the Provost and the
help ot Dr. Alfred A H. Ked, then Directer of
the Sea Grant Program, the committee
aftained, through the Office of the
Oceanographer of the Navy, the charter of
a surplus government ship. On 28 August a
charler agreement, permatting MIT con-
version rights, turned over tothe Institute
the ex-Army T-Boal, T-424.

After three years of work in which a stemn
oceancgraghic A-frame, knuckikeboom
crane, winches, 3 naw electronics suite, an
audiiary diesel generalor and improved
work and Iving space were added, T-424
olticially became R/V EDGERTON. Named
after one of MIT's most rénowned scientists
and popular teachers, the vessel has been
exlensively used for marine research by
sclentists and engineers from MIT, other
academic institutions and industry 10
advance our understanding and uses of
resources in the coastal zone and on the
confinentai shed,

Communications/Information Services

Information dissemination and Communi-
cation are at the hean of a public sesvice
research program like Sea Grant. If the
rasearch is to be useful and serve the
public good, the results must be available,
in a foem that can be used, and easy 10
retrieve. Communications/Information
helps 1o transier research through a
publications senes that includes technical
and advisory repors.

The series is pubicized through abstracts,
publication directories, news reloases and
special anicles that appear in the public
press or special interest magaznes and
journals, Mailing sts of absiract sub-
scribers, the media, and special industry
and government leaders aid the staff in
reaching dwerse and interested audiences.

All reports are also available through the
Marine Resources Information Center for a
fee that defrays the production and
handling costs. The Center, a smail
rederence faciity, also keeps archival
copees for public use, at no charge.

An information specialist manages the
Ceanter, exchanging news of completed and
on-going research with other programs and
with marine-related organizations through-
out New England. Reference books,
pamphiets, magazines and newsletiers on
subjects that include fisheries, coastal zone
management, environmental issues, law-
of -the-sea, oil pollution, offshore develop-
ment and onshore impacts are availabie for
ro0Om use 10 anyone who visits the Sea
Grant oflices

Answers to phone and letter nquiries help
the marine community locate pubcations
that may npt be in cur collection, names of
specialsts working in a panicular lield, or a
government agency responsible for manag-
ing some aspect of marine development

Unti recently, the public’s ungerstanding of
all aspects of water—its properties and the
resources it nourishes—has been limited.
The general press has just stasted 1o
conceantrate on exploring the potential of
the oceans and coasts—such as mineral
resource development and waterfront
redevelopment—and the problems, such
as freshwater shortages, recreational
impacts and nearshore poliution Fact-
sheets, proceedings, and advisory bulletins
prepared by Communications / Information
make relevant information available directly
10 the public or 1o journalists who
incorporate it info broadly disseminated
news and magazne articles.

Communicalions/ Information, ke other
members of Sea Gran! stalf, promotes
geeater discussion of issues and the
cooperation between unversity research-
ers and the people in the marine
community who need and will use the
resulls

Principal |

Elizabeth T. Marding

Manager

MIT Sea Grant College Program






Education

The original mandate in the Sea Grant
Act of 1966 called for the integration of
an educational component into every
program. At MIT this was in concert
with the Institute’s own philosophy that
future scientists and engineers are best
tralned through research experience
and through exposure to real problems
in industry, government and the com-
munity, Funding for each Sea Grant
research project includes support for
sludents, usually al a graduate level.
But undergraduates, too, are critical
constituents to attract and train for
ocean-related careers.

In the renewal of the 1976 Sea Granl
Act, Congress widened the educational
commitments of individual programs
and increased formal responsibllities to
include pre-college students. The goals
and objectives in the act read:

“To build and maintain broad, high-
quality curricula for education and
training of qualified profeszionals and
fechnicians to meet requirements for
the development and management of
the nation's marine resources; continu-
Ing education opportunities for practic-
Ing professionals, technicians, and
decision-makers engaged in marine-
related activities; educational exchange
programs; public education at all levels
to increase public awareness and

unde of the realm of marine
altairs and enjoyment of the sea; and
other stimulating and innovative edu-
cational actities to further the general
goals of Sea Grant . , .,

Toincrease public awareness and
understanding of the economic, social,
and aesthetic values of the marine
environment . . .

To improve the quality of citizen partici-
pation In decision-making processes
relative to marine resource issues and
1o enhance enjoyment of the sea.”

Ocean Project Engineering Laboratory

The Ocean Engneering Summer Labora-
fory began in the 1971-1972 program year
as a joint undertaking between MIT's
Department of Ocean Engineering and the
Maine Maritime Academy. By actualy
ceakng with the $6a environment, under -
graduate students have received “hands-
on” learning expenences that have been
stimulating, mstructive, and olten joyousty
exciting

In the summer of 1972, students conducted
an oceanographic and biclogical survey of
Holbrook Cove, Maing. They als0 Success-
tully concluded an underwaler search for
the remains of a Revolutionary War
privateer sunk in 1779, the DEFENCE
Cannon, shot, scuppers, and a grandstone
were among the arifacts recovered. The
following year, they coninued archaeo-
logical surveys and salvage of the
DEFENCE and mapped its remains. To
conouct their search and survey mission
they designed and used special mstru-
mentation from a constant depth tracking
float 1 a radio range linder for ship-1o-ship
operatons,

In 1974 the undergraduates desgned and
launched an underwaler robot, a 250-
pound free-swimming submersble that
they woulkd program the following year to
carry out vanous underwater tasks. The
vahicle, onginally christened ALBERT-
ROSS. now carries the more mundane
designation of Hobot | Robot |1, &
sophisticated, sonar extension of student
work, 5 now being funded as a research
project under the diection of A. Douglas
Carmechaal

In 1977 and 1978 the engineering
challenges met by MIT's student research-
ers ncluded the gesign and consiruction of
a small buoy-mounted elecinc generator
powered by winds and tidal currents, and a
dewvice for measuring the elficency of the
Maine Mantime Academy's floating break-
water,

The Ocean Engingering Laboralory con-
tinues as a Sea Geant project, but the sea-
going component i$ held now in the winter
during MIT’S Independent Activities Period
The schaoner WESTWARD serves as a
base ol operations Ioe performance
measurements, and soil ioading characler-
istics. Students continue 10 enjoy and profd
from ocean-refated studies that allow them
to use their ngenuity and extend their
classroom knowledge to real problems

Principal Investigators

D. E. Cummings

Assistant Prolessor

Department of Ocean Engneering

A Douglas Carmichael
Professor
Department of Ocean Engineering

Keatinge Keays
Administratve Officer
Department of Ocean Engineering

Ira Dyer
Head

Department of Ocean Engineering






Student Planners
For Coastal Communities

In the Department of Cevil Engneering, a
very successiul education peoject has
gren students an opponunity 10 gan frst-
hand experience n the field and 1o provide
assistance 10 a New England community
Since 1971, each sprng a group of
upperciass and graduate stugents lrom
MIT, Harvard University, and Wellesley
Cobege have analyzed a “real worid”
coastal 20ne management problem and
devised a systems-based soluson Dy,
Wiiam W. Sedert has led the classes
theough a number of complex studies that
have required lechnical, managerial, €co-
nomic and socio-poltical disciplines, The
students have met with communty groups
and local officials 10 garner an under-
standing of oty problems, aspirations, and
resources.

In Gloucester, after investigating the city's
lishng and manufacturing industries, retail
trade, tourism, transportation, and govern-
ment, the multidisciplinary 1leam recom-
mended options for alieviating economic
stagnation while managing some of the
negatve effects of growth and develop-
ment

During 1975-1976 and 1976-1977, Dr.
Seflent organized the class assignments 1o
help the Caty of Lynn. Lynn, once a thriving
coastal city with a bustling wasterlront, has
sutfered from severe wban decay, loss of

population, and dwndling economic oppor-

tunibes dunng the past several years A
student solution, presented 1o the town
officials, recommended the redeveiopment
of the waterfront area for recreational and
retad uses as a way of benefting the

community economically and aesthetically.

Most recently, Hyannis on Cape Cod has
been the focus of the students’ talents and
efforts. Shopping centers ringing the
traditional downlown busness district have
sapped its economic and social vitality. At
the same time nearby wateriront areas
have gone unused. By Inking the
downtown 1o one of the town’s greatest
assels, its harbor, the students recom-
mended a way of infusing new life into
Hyannis, In the official presentation 1o the
commursty in the speng of 1979, the
students also suggested thal A was
essential lor the town's policymakers and
I1s citizens to mprove communications.
They noted that past plans, developed by
outside consuttants, had not been imple-
mented because of misunderstandings and
the absence of a well-understood lime
schedule.

Al the end of each Interdisciplinary
Systemns Design Subject. the students have
compied a report and published it through
Sea Grant, Beyond the benefits of field and
anailical expenence lor these young
“planners,” their research resuits have
provided generic case studies lor others 1o
follow in evaluating the common problems
of many coastal urban communities,

Principal lmpdm

Wisiam W._Seifert

Senior Lecturer

Department of Givil Engineering

Into the Ocean World

After two years of careful planning, an
interdisciplinary cowrse, “Into the Ocean
World,” was introduced to undergraduates
from over twelve Boston area colleges ang
universities in the speing of 1980. The
course, which integrates many facets of
marine studies, has its roots in the winter of
1977, when Sea Grant invited area faculty
members from all disciplines 10 explore the
feasibidy of an interdisciplinary, inter-
collegiate marine program.

The city houses a great many academic
nstitutions, with an aray of courses and
lalented faculty members. A consortium
commitiee came together to ask: Could
these resources be coordinated for the
mutual benetit of all? Was it possibée to
create an excting, unique educational
opportunity? The students who 100k “Into
the Ocean World,” the Consortium's pilot
progect. answered these questions with an
enthusiastic “aye."

Students and facuity both agreed that the
course was rewarding, exciing and
demanding. The students were challienged
by the many disciplines that touch the sea,
from the marine sciences to history, the
ans, politics and econormics. Boston's
cultural, social and economic development,
50 dependent on access 10 the sea,
ibustrated the peofound effects that the
ocean had on the life of the cty and the
nation, The insights gained by the students
will hopelully help them appreciate the role
of water in shaping societies and
nourishing all life and will lead them 1o
make careful, thoughtiul decisions on water
management and uses as professionals
and prvate citizens.

Principal Investigator

E R Parser

Associate Director for Education
Coordination and Training

MIT Sea Grant College Program






Pre-University Marine Studies

A child's day begins and usually ends with
a "waler expenence.” The morning starls
with splashing water on one’s face,
brushing teeth and watching someone
make orange juice or coflee. By evening,
just one last giass of water, perhaps
delivered Lo a bedside, brings peace and
universal comiort. In between, puddies are
splashed, rainbows are sped, paints are
mixed, mudples are made, duty clothes are
washed, loods are bosed Water appears 10
be, and 1S, ubiquidous in not only a chid's
ile, but in alithe planet’s ife as well

Because of water's commonality and
utmost impartance it is being used o
develop leachng materials for children in
Kndesganen through the twelith grade. As
a substance 1o expenment with—to
measure, dissolve, mix. make bubbles—it is
completely tamiliar and non-threatening
For a teacher it 15 a versatie device for
flustrating basic principles and phenom-
ena mixiures, suspensions, density, sur-
face tension, calonaes and many more

MIT Sea Grant's education staff is
employing water and its properties to
create teaching materials that begin by
having the student concentrate upon the
simplest of everyday experiences dssolv-
ng sall in an aqueous liquid. This
INroduces simple laboratory equipment,
requires adgherence 10 instruction, and
encourages obsarvalion and documenta-
tion. As the child becomes more
expenenced, the matenals become more
sophisticated and complex, focusing on
advanced mathematics and physics and
on the essentiaingss ol water, Ulimately,
the lessons weave a tapestry thal reveals
water's effects on daiy Me, hstory, industry,
economics, music, art, and lilersture

It is an ambitious 1ask, but onée that has
been 1aken on with the 2 of MIT faculty
and teachers in the New Bedford,
Massachuselts school system, As the
matenals are developed, lested and
refined, they are being mtroduced 10
leachers throughout Massachuselts in
spacial warkshops, When comgleted, Sea
Gramt will pubkish the series for educators
around the country —in coastal communi-
bes where waler s Conspacuous presance
1S often taken for granted, and in Mid-West
plaing where scarcily makes 1l a precious
though litle undersiood, subslance

Principal Investigator

ER Parser

Associate Director for Education
Coordination and Training

MIT Sea Grant Program
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The Ninth Annual Sea Grant Lecture

One of the magor events on the Institute’s
calendar each Fall is the annual Sea Grant
Lecture, intiated in 1972 to simutale
discussion of critical marine issues The
format for each lecture remains essentially
1he same: a position paper delivered by an
expen, followed by discussion and debate
between the leciurer and a panel
representing opposing views. The lopics
themsalves are quite dfferent, a redlection
of the complex and inerdiscipinary
demands of ocean development. Deep-
ocean mining, odl pollution from tanker
traffic, world energy and the oceans, the
Panama Canaltreates and barers 10
women and minonties in the marine field
have all been explored through the
lecture's lorum.

This year's topic, Geovges Bank: Fish and
Fuel, addresses a controversy that has
been ongoing since 1971, when the fertile
tishing ground off Georges Bank was
declared a new “frontier” for oll and gas
exploraton.

The Bank, covering twenty thousand
square miles of ocean floor, is fed and
nourshed by a unigue current system that
has hefped make it rich biclogically, In
1976. Congress passed the Fishenes
Management and Conservation Act to imit
foreign fishing in U.S. waters and
sirengthen a primary U.S. marine industry.
Some have argued that 1o drill for od on
Georges Bank would endanger the
envdronment and threaten the fishenes.
Others, ncluding the Depariment of
Intenor, which is responsible for leasing
offshore properties, have maintained that

with sufficient saleguards, this area off New

England's coast could double its naticnal

value 8s an ocean resource, providing both

fishand fuel

Drilling operations are scheduled to begin
inearly 1981, There remains, however,
some disagreement on how 10 share the
ocean space between of and lishing
interests and how to adequately protect the
marine envircnment from driling-refated
poliution. Sea Grant's tenth anniversary
celebration seemed an appropriate and
timely opportunity 1o publicly examine
some of these questions and find solutions
that would ensure that the Bank, a truly
uniqueé manne resowrce, is developed
methodically and beneficially for the good
of at

Proceedings published 1o repoet on the
kcture, the debate and audence partici-
pation will be available to the public. This
publication will be added to the list of Sea
Grant reponts on Georges Bank, fisheries
issues, and oftshore drilling concerns.



1 \ This maiches the { Dreakdown in
Institutional :r:’w;rgaemzf‘mcm roQrarn proposal for
Program Summary
Fiscal Year 1980
Program Management
Sea Gram Program Management Mr. DA Hoen Continued project
Projact Development Opportunities Mr. Horn Continued project
Education and Tralning
Education and Traini Mr. ER. Panser Continued
i ik
interdisciplinary Systems Design Subject Or Ww Sedort Consnued project; report published
Ocean Engineering Project Laboratory Or 1 Dyer Comnued project; report 10 be published
Public Education and Training Shon Courses Professor JM. Austn Cominued project
Development of an Integraled Course Professoe O. Buyukonturk Continuad and completed project,
on O#ishore Structures raporn to be
Annuat Sea Grant Lectlureship O AAM Ked Conmtinued project; report published

ol Teaching Materal for Mr Panses Continued proy
et s Eer : p
De of an Inter Mr. Parnses Continued peog
: velopment %OWH' progect
Ocean Engineering Curncula D, Dyer Continued peogact, New Cutricuia developed
Advisory Services
Massachuselts Marine Liason Service Me. AB. Clifton Continued project
MIT /CES Marina Extension Sesvice Me. Clifton Continued project

D1.J Noyes

Massachusetts Marine Fishenes M. Chilton New project
Education and Training Program Dr.D.Kan
Marine industry Advisory Senvice Mr. N Doeling Continued project
Research n Ocean E Mr. Continued :
Marne Communications/ Information Service Ms. ET. Harding Continued project. reports published

Computer Documentation Dissemination

Professor J.). Connoe




Technology Development for Ocean Uses

Development of Joinng and Cutting Techaiques Prafessor K. Masubuchi inued and compioted project;

loe Deep Sea Applications g ropomobopwusmd

o] of Fiberglass Boat Hulls Using Professor JH. Wiliams, Je. Continued and completed project.

ms Tommg and Liquad Crystals report 10 be published o
Prolessor F. Noblessa Continued project, repart putlished

WMUQNMMMWEMM
the Wave Resistance of a Ship

Study of 8 Cost Model of Deep Ocean Mining

Prolessor JD. Nyhart

Continued project; report 1o be published

Ol Spill Clean-Up and Liabiity Moded Professor Nyhan New project

Prolessor M. Psarafts
Deconarmination of Dredge raction Professor M. Moded New project
with Water under Near Cotic Onnzuom
The Role of Copper and Mince Constituents of Professor R, Latanison New and completed project,
anummmduumm Protessor J Mavor 1aporn 10 ba pubkshed
Prysiological Measures of Mental Workioad ProfessorJ Yoo New and compiated project,

Professor € Cravalho repor 10 ba pubished
EMects of Oscilating Air Stresses in Induced Dnft Prolessor JH. Milgram New and compisted project
The Dynamic Behavior of a Tethered Prolessor M. Triantatyliou New and compited project
Curran Meter report 10 be pubished
Unmanned Underwater Work Vehicles
Appication of Teleoperators lo Undersea Tasks Protessor T.B. Sharidan Continued and complated project.

repon published

Undarwater Communication System foe Professor AB. Continued peoject
Untethared Vehicles and Sensors goloo?oc JH. Shapro
Rcbot Vehicles for Prolessor AD. Carmechael Continuad peojact
Search and Survey Applications
Otishore Facliities
in S#u Evaluation of Geotechnical MM, Cominued biishad
o ' Properties . cc.w PeORRCL roponts pu
WtoPm Foundation Dssplacement Protessor WA Marr Newand ¢
of an Oftshare Facikty Protessor TW. Lambe mponlohempmm
Anatysis of Geophysical Infoemation in Professor G B Baocher Defedrad for FYBO

Otshore Geotechrical Exploration




Coastal Processes, Physical

Seawater Intrusion in Offshore Islands

Tica! Induced Transport in Salt Marsh Professor HE. Hemond New peoject
Ecosystems Professor K.D. Stozenbach
De.J Teal
Wave Attenuation by Bottom Friction Prodessor 0.5 Madsen Doferrod for FY80
Coastal Ecology
Ecooynamc Analysis of Agal Blooms Foul Professor A V. Quinlan Continued peoject
Nahan! Bay Bea o o
Molilty and Metabokism of a Marne Professor E. Bell Continuad peoject
Microoeganism in Relation 10 4s Subsirate
Zostera manna
mma&mammuuNnemm Professor S Chisholm New peoject
Organism Gonysway tamarensis Or. 0. Anderson

Living Resource Development
Chemical ang Structural Characlenization of Professor B Averbach Continued and completed project;
Cnan and Chitin Derivatives repor 10 be publshed
for Industrial Applcason
Synthesis of Chitosan Structure Matrix for Foed Professor CK Rha New project
Coastal Zone Development
Boston Hasbor Managemnent Study Professos J.T Kildow New project
Natlonal Projects

ol a Simple Engineenng Model Professor Madsen Continuad peogect
mvmrm
Review of Tracer Dispecsion and Protessor Madgsen Naw projoct

Advection in and Evaluale Present Tracer
Use in Sadiment Transpon Studies




Summary

of Expenditures

by Activity

NOAA University
Grant Matching
Funds Funds
Program Management Program Adeninistration $ 84800 $ 156827
Program Development 76.700 1,660
Marine Education and Tralning Cotege Level 124300 213931
Vocational Marine Technic:an 46.000 92,056
Training
Other Education 54 300 71592
Marine Resource Development Pathology of Manne Organisms 145000 2253%4
Marine Extracts—Chain 40.700 16604
Marine Economics 55000 -
Marine T Research OQcean Engi C 145600 41 685
e Davsiopasns’ S
Sea Floor Engineering 124.000 120680
Materials and Structures - 33000
Vehicles, Vessels and Piatiorms 97,200 57673
Dredging 45000 653%
Seafood Science and Technology 25600 13619
Marine Environmental Research Ecosystem Research 82100 49738
Pobution—Oil Spils 100,000 42447
Enviranmental Models — 92100 28 840
Physical Processes
Coastal Zone Management — 42,500 45942
Social Sciences
Advisory Services Extension Programs 193.600 128081
Other Advisory Services 154,300 19.060
Total $ 1.708800 § 1385468
ements. 1he oticial

Thes summary is only approximale In accordance with Federal &g

financsal report will be submitted by the MIT Comptrolier 10 the

of Grare



Publications

The Coastal Zone
Anderson DM Effects of Temperature Condition on Develop: Journal of Phycology 16 {1980
mant and Garmination of d
Gonyawax tamarensis Hypnozygotes
Cassolla. S Impac! of Wetlands Wlonmowmm M C P Thasis
in a Rural and Urban Waterfront Coenmunity Depariment of Urban Studes and Planning
Massachusetts Institute of Technology
Zewn, Janniler Ocean Systems Management Key Varabies in SM Thesis
the Decision-Making Ponlor'émm Depariment of Ocean Engs
mmaamam&m Mmmusmnmzna?&ow
Kidow. Judih T Interim Repart on Boston Harbor Intemal report
Managament Study
Kikdow. Judith T The Urban Waterlront A Current Coastal Zone Oceanus, Vol 23, No. &, Wirter 1980
Management Dilemma
Kidow. Judith T Boston Harbor ACase ol CaddSwm Maeua
um‘mamarch the San Diego, Calilorrsa, October 1980
Decision- Process
Hows JS Ecodynamic Analysts of the Growth of SM. Thesis
Ectocarpus sic s 0 Batch Culture, in wamm
Relaton 1o Algal Blooms Fouling Massachusens Insteute of T
Nahant Bay Beaches
Tero. BA. Development of ratus for fn Sy SB. Thesis
Growth of the Alga Piayella Mtarals Depanment of Mechanical Engineerng
Massachusetts Institute of Tecnology
JK. The ations of Asrial . 10 S8 Thesis
- e B Bt echanca Enonser
Cammunity m Nahant Bay Massachusets Institute of Technaiogy
Lewis T Analysis of Trace Metals in the Waters of S M. Thesis
Nahant Bay, its Beaches and the Bioom Alga Depanmeant of Chomistry
Noethaastemn Universty
Heuteux, AH. An Analysis of the Hydrodynamic Ceculation SM Thesis
inNahan Bay Depariment of Mechanical Engineenng
Massachuselis institute of Technology
Wice RT, Pda ) IQolm Proceedings of the Imernational Prrycological
CW. Schnesder, nmm &I:nm Socioty Meoting.
K. van den Bosch and chmommd Glasgow, Scotland. August 1980
AV Qunian
Wison, John L, IIf ana Grourdwaler Hydrology of Conterence on Gectechnology,
AG SadaCosta MmoW\emdm Boston, 1580




Ofl and the Environment

mu\u and Mecharecs of a Restrained Layer of Floating Oil MITSG 80-4)
J Van Houten Abave a Water Current Massachusetts insttute of Technology
Ca Muuchuum: reprinied from
Jouwrnal
Vol 12, No .umen
Otfshore Development
Levadoux, Jacques-Noel and Pora Pressures During Cone Penetration MITSG 80-12
Monsan M. Baligh inClays Massachusefts institute of Technology
Cambrioge, Massachusets
, Mohsan M. and Pore Pressure after Cono MITSG 80-13
mw -Noel Levadoux Ponotration s e Massachusetts Institute of Technology
Cambeigge, Massachusetts
Vandiver.J. Ken Prediction ol the Damping-Controlled Response MITSG 80-9)
of Olfshore Structures 1o Massachusetts Institute of Technalogy
Random Wave Excitation usetts. repeinted from
%Pﬂm Engneers Journal
Unmanned, Underwater Work Vehicles
e AC ign, Construction and ot SM. Thesis
Ansorg Dom’u - Development L » .
Massachuselts Insteute of Technolegy
Camevala JS. Electronics Systems Development and Integra- SM.and OE. Tbem
tionfora SOgyot'vd Generation Robot Submarne Depantment of E'3
Massachusetts Insbaut Tocmuom
Whee JW. Mechanical Systems Development and . SM and OE. Thesis
tion for a Secona Generation Robot Suhrn:fg: Oepartment of Ocean Engineering
Massachusetts Instilute of Technology
deam%m N and An Assessment of Underses Teleoperators MITSG 80-11
Sherigan Massachuselts Instilute of Technology
Cambridge, Massachusetts
Odhara, Tetsuich Expenments in Suparweaty Control of a Man Machine Laboratory Repont

c«nmmud Vehicle lof Inspecti
urved Surlaces "

Massachusetts o of 'I’ochnoioqy
oge, Mmm




Technology for Ocean Uses

) Formulas AR i i &%.MNOOQIIW
Massachusatts Insttute of Technology
Koch, Pierre and AM.onthnWMmltnogrdcnd MGIMWMWM
F.Nobiesse the Thin-Ship Appeoximation Coowmm
DavidTamNculsng RAD Center,
Bethesda, 79
Chen, D.Y. ang Aummallmnmuuw mmmmonw-nm
F. Froude-Number Slandear-Ship Computations
Wave Resistance Formula Japan, 1980
SS Leeand WWMTMNW
i - b%m&'.‘m umuquc
othe
Crystals
Wilkams, JH., Jr, Wmdtmm British Journal of Non-Destructive Testing,
SH Mansouri a Destructive Detection of Delamination May 1980
SS Lee and Inciuson Flaws
Wilkams, JH., Jr, Tharmat Nondestructive Testing of Fibergiass British Joumnal of Non-Destructive Testing
S H Mansouri and Lamnates Using Liqud Crystals
SS Lee
s TA ﬁmcmmfcmmm %&mmdmw 1
8
of Techniques and Industrial Applicatons Mmslmmndm
Fisheries Technology
Holl, Witiam 8. Wl and The De Construction and Davelopment MITSG 80-14
David Gorgon Wilson aaP%umww

Massachuses Instityte of Technology
Cambridge, Massachusetls




Education

Connor, J.J. Jr and Wave Thecries, Wave Statistics and D of Ciwil €
S Styam Sunder Hydrodynamec Loads MWW mnﬂ%
Cambridge, Massachusetts
Vanmarcke, Erik ang Risk Analysis and Probabidistic Department of Cadl Em
Demosshenes Modeling for Oftshore Structures Massachusetts Institute of T
Cambridge, Massachusetts
Sunder, SS. User Manual for POSEIDON. AP'OR'UMG D:_F-nm CwilE
JJ Connor, Jr. and Evnluaﬁno lho MIT-CE-R78-15, 1579
D. Angeldes Steel Jacket Platiorms
Sunder. S5, A Stochastic Mode! for the Simutation BOSS 79, Sacond International
D. Angelides ol a Non-Stationary Sea Conference on Bahawor of Otfshare
J.J.Connor, Jr. Structures. Paper 9, 1979
Beanson JR Understanding the Oceans: Mobivating MITSG 80-1
JW. Mayo, T s Youth 10 Work for Tomoerow. Massachusetts Institute of Technology
MP RAowe, Eighth Annuat Sea Grant Lecture Cambrigge. Massachusetts
L Ssfada, and
RM Whae
Advisory Services
%Woolbs::gr::chumuplmnwd M":’SGOO-Z : o7
ochno!o’? Colege Program: ssachusetls Instdute of Technology
1 July 1978-1 July 1979 Cambridge. Massachusells
Dweactory of MIT Sea Grant College MITSG 80-3
am Publications Massachuses institute of Technology
-1979 Cambridge. Massachusens
Sieen-Elon, B Maring-Related Research at MIT MITSG 80-10
1580 Massachusests Institute of Technalogy
Cambrigge, Massachusens
MIT/Marine industry Colegium Opporturty Sried #1 MITSG 805

#1868
Some Federally Sponsored Research
Programs for Unmanned Vehiclas

Massachuselts nstitute of Technalogy
Cambridge, Massachusetis

MIT/Marine Industry Collegium Oppommy Briet 1% MITSG 80-6
Oomnmtcuion System Massachusetls Instilute of Technology
Cambridge, Massachusetis
MIT /Marine Industry Collagium MITSG BO-7
Protection of Matenais in the Massachusetts Instaute of Technology
Marine Ervaronment Cambridge. Massachuselts
MIT/Marine Industry Cotiagiuen Nongestructive Evaluation of Fiber MITSG B0-8
Composites

Massachusens Insteute of Technology
. Massachusetts




Matching Fund
Support:
Participants and
Contributors

The Boston Shippeng Assoctabion, inc

Managers of Boston Poet and Seamen's Ald Society
Commonwealth of Massachusetis—

Metropolitan District Commission

Commaonweah of Massachusetis—

State Office of Envronmental Affairs, Coastal Zona Management
Commonwealth of Massachusetts—

State Olfce of Enveonmental Aflars, Coast Energy impact Program
Heney L and Grace Ooherty Charniladie Foundation Inc.
Hunt Crab Meal Comparry

Intevep Project

JBF Sciantic Corporation

Kawasakl Heavy Indusines

Massachusetts Institute of Technology

MIT State-Industey Advisory Councl

Massachusetis Maritime Acacemy

Massachusells Pon Authority

Maring Industry Acvisory Services Collegium Members
Martha's Vineyard Commession

Multi-Sponsor Industrial Support

New Bediord School Systam

New England Aquarium

New England Marine Studies Consortivm

New Englandg Rwver Basin Commission

Sea Grant Lecture Endowment Funds

Spil Controt Association of America

Texaco

Town of Bamstable

University of Massachusetts

Whitaker Health Scence Fund



MIT/Marine
Industry Collegium
Membership

Akzona, Incorporsted
Alfa-Laval AB

Amencan Cyanamid Company
Amelek

Aquatic Internatianal Ceeparation
Arthar D Little, Inc.
Atantic Richfield Company
g::'o F Oomplny
nce Foods
Bachied Natienal, Inc
Becton, Dicionson and Company
Bel Telephone Laboratories. Inc.
?&cs':nm Compa
ny

Box Beranek and Nowmon
Campben Soup Compon

cmpany
lep-w Tractor Company

Celanese Corparation
Certral Rosearch Laboratories
Servic

The Dow Chemical Company (Dow Chemical US A )
E1. du Pont de Nemours & Company. Inc
E G & G Incorporsted

Ervvironmental Devices Corparation
Erndronmental Research and Technology
Exxon Carporation

Ferant, Lid

Fal SpA

The Fexboro Company

Gereral Dynamics Corwm

General Electric

—Aeraspace Gr
General Electric Company —Industrial and %m Steam Turbine Division

Goneraltnurmcor
meoowwwowmwmm
Gould, inc 2

Honaywell inc
Hodson's Bay Od and Gas Company, Ltd.
Prmlnc

XU, Commu Shed instilute

impenal Chemical Industries Limited
Intemational Proteins Cor lon
Inermational Underwater ractors, Inc

JBF Scientitic Corporation

Kennecott Copper Corporatan

Lverty Mutual Insurance Comparny

Lition indusiries Inc.

Lockheeag Aircraft Corporation

Lord Corporation

Maciaren Marox

Massachusetts Port Authority (MASSPORT)

Movnod&oo

Now England nSawm

Now Enwand Power Sarvice Company
S ot
Occigental %d‘mml
Oceaneanng Inerna

Oftshore

Omnithruster Incorporated
“‘3""“‘“‘"""’"
RCA

Solwm w\:.;'ncawmm
Sperry Corpora

Standard O vy of Calfornia
Standard O mCom (Indiana)

Stena & Webstar Corp.
Sun Sty & Dock Compary
Tecnomare SpA

Temnessee Gas Pipeline (TENNECO)
Texaco, Inc.

TRW Incorporated

Unidrver Limded

Umion Cartvde Corporation

Urion Oil Company of Califormia

Electric Corporation
an Inc.
Woodward-Ciyde Consultants



Administration
and Staff

Dwactor
Mr, Dean A Horn

Seonecr Lacturer
MIT Department of Ocean Engineering

Derecior of Sea Grant Research

Dr. Jarome J. Connor, Jr

Prolessor

MIT Departmant of Chil Engineering

AssoGate Director for Education Coordination and Tranng
Mr E R Panser

Senior Research Scientist

MIT Department of Nutrition and Food Science

Education Assistant

Mr. Jay R Kautman

of the Marine Industry Ad Service
et N o Aoy
Assistant Manager

Manager of the Massachuselts Marine Liaison Senvice

Mr. ur B. Cliften

Caoastal Engineer, Extansion Sea Grant Advisory Program Specialist
Mr. Andrew L. Gultman

Figh E?m« Extension Sea Grant Advisory Program Speciakst
Mr. Cli A Goudey

Manages of the Marine Communications/ information Service
Ms Eizabeth T. Hardng

Indormation ialist

Ms. Barbara -Efon

Ector

Ms. Bronwyn L Davies

Agmnistrative Otticer
Mr. Lawranca W. McKinnon

Chairman, Sea Geant Policy Comenitlee
Charman Sea Grant Faculty Councd

Or Allred AH Kesl

MIT Foed Professor of Engineenng Emertus

Cnarenan, Sea Grant State-Industry Advisory Council
Mr. Ecoward Beainara It

Presidant

Environmantal Devices Corporation

NATIONAI



