
COASTAL ENVIRONMENTAL STUDIES PROJECT
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ABSTRACT: Thousands of acres of coastal shoreland have been
lost, due in part to over-development and destruction of shore-
land environmental areas. Yet, our colleges and universities
are not training students for available jobs as aidesr and
technicians in 1) coastal research, 2) urban planning in
coastal communities, 3) environmental studies, and 4) chemical
engineering. Wayne County Community College has received a
two year grant from the National Science Foundation for the
purpose of developing a program for training students in
coastal environmental studies.
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Michigan has suffered the loss of thousands of acres of coastal
shoreland along the Great Lakes and the Detroit and St. Clair Rivers.
There has been over-development and destruction of shoreland environ
mental areas. The Detroit shoreline is the most intensively developed
within the state. Several public acts for control programs have been
developed, but do not include the training of potential employees.
The Michigan Department of Natural Resources, the Michigan Sea Grant
Program,and Engineering and Geography Departments at local universities
have all expressed concern about the lack of trained workers for
existing jobs. Jobs exist for aides and technicians in coastal and
environmental research. With the passing of the Coastal Zone
Management Act, local communities need trained coastal and environ
mental aides to help carry out research projects in their particular
locations. Water and sewage treatment agencies in Detroit and other
communities in the Detroit area which have extensive coastlines have
been made aware of the increased emphasis on regulations for control
ling coastal environmental pollution. The State Department of Natural
Resources and the Michigan Sea Grant Program have both indicated a need
for trained persons who can serve as attendants, aides, and technicians
to help those responsible for the development and implementation of
techniques that will avoid polluting our coastlines. The Environmental
Protection Agency is initiating a program of mandatory biological
monitoring in EPA Region V which includes Michigan, Ohio, Wisconsin,
Illinois, Indiana, and Minnestoa which will expand the demand for in-
service training of on-the-job employees who need or desire training
because of new technology.

The goals of the Coastal Environmental Studies Project at Wayne
County Community College are to (1) provide two-year college students
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with skills and training that will make them employable in science re
lated fields, (2) provide an in-service training program for on-the-job
employees who need or desire training because of new technology,
(3) provide minority students with the opportunity to spend time in
practical learning situations that will augment the formal science
training they receive in the classroom, and (4) prepare students for
future study at other institutions in the fields of engineering,
geography, geology, chemistry, biology, etc. Long range educational
benefits include the following:

1. Expansion of the College's curriculum
2. Coordination of the College's Life and

Physical Science program with those at four
year institutions now serving the majority
of our former students.

3. Increase the number of minorities participating
in science careers and programs.

The program is intended to be a step toward improving the quality
of the nation's science instruction at the undergraduate level,
particularly in the area of environmental studies. The science
division at Wayne County Community College in collaboration with the
Engineering and Geography Department at Wayne State University, the
Michigan Sea Grant Program, the Michigan Department of Natural Resources,
the Geography Department at Eastern Michigan University, and local
agencies are working together in carrying out the goals of the program.

The purpose of the Coastal Environmental Studies Project is to
develop a Certificate Program and an Associate Degree Program in
Coastal Environmental Studies. Students will be trained for careers as
aides, technicians, and attendants in: (1) coastal research,
(2) environmental studies, (3) chemical engineering, and (4) urban
planning in the coastal communities. Students will participate in on-
site-visits along the shorelines of Michigan. Twenty permanent field
sites have been established for coastal and environmental field testing
and observation, (figure I). The following activities are included in
the course curriculum:

1. Technical writing and library work
2. Elementary computer and statistics
3. Land use policy (zoning) - in relation to

shorelines and environment
4. Laboratory technology
5. Aerial photo and topographic map

interpretation and construction
6. Field course on the use of instruments
7. Field geology (coastal depositional and

erosional processes, soil training, wet
land ecology)

8. Limnology
9. Water quality

10. Independent study project for each student

Upon completion of this program, participating students will be
eligible for placement in available jobs related to their training and
for future studies in science at other institutions.

Wallace



The chronological sequence for the development of the Coastal
Environmental Studies Project is as follows:

(July 1, 1979 - December 31, 1979)

The project commenced on July 1, 1979. The first
six months were designated as development months. The
director, research coordinator, and consultants from
Wayne State University, Eastern Michigan University,
Michigan Sea Grant Program, Michigan Department of
Natural Resources, and the Science Division at Wayne
County Community College have developed the curriculum
for a certificate program and an associate degree program.
The twenty field sites have been set up for field testing
and observation. Applicatnts are enrolled in existing
science courses.

(January 1, 1980 - December 31, 1980)

Starting January 1, 1980, students will enroll in
coastal environmental courses, (figures II and III)
The director, research coordinator, and consultants
will be involved in classroom lecturing and in laboratory
and field demonstrations. The director and research
coordinator will be setting up on-the-job training
employment for the participating students. An on-going
program evaluation will be taking place continuously.
Students, consultants, and employers will be asked to
periodically fill in evaluation forms which will be
designed by an experienced consultant in program
evaluation.

(January 1, 1981 - June 31, 1981)

Final analysis and the preparation of reports will
take place during the final six month period. Students
will finish their course work and will be involved in
on-the-job training at local agencies as a final phase
to their associate degree or certificate program. The
director and research coordinator will work with evaluation
consultants to develop instruments required to determine
and measure acceptable progress toward completion of
project objectives and activities. Instruments will also
be designed to evaluate student performance in on-the-job
positions assigned in various cooperating industries and
local and state agencies.

Wallace
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FIELD SITE DESCRIPTIONS

Site I Woodtick Peninsula, Monroe County
Purpose: Observation and testing

Coastal erosional and
depositional formations
The impact of urban and
agricultural land use on the
coastal zones

Sites II - VI Rouge River
Purpose: Observation and testing

Hater quality studies
Limnology studies

II Rotunda Dr. area

III Greenfield Rd. area

IV Schaefer Hwy. area
V Oakwood Blvd. area

VI Jefferson Ave. area

Sites VII and VIII Detroit River
Purpose: Observation and testing

Water quality studies
Limnology studies

VII Hart Plaza

VIII Fox Creek Park

Site IX St. Clair River Delta, St. Clair County
Purpose: Observation and testing

Changing lake levels
Streams deposits
River channels

Soil types
Land use

Site X Slatestone Creek, Sanilac County
Purpose: Observation and testing

Coastal erosional and
depositional formations
Exposed bedrock
Fault

Mass wasting

Site XI Atwater Creek, Huron County
Purpose: Observation and testing

Mass wasting
Coastal erosional and

depositional formations
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Site XII and XIII Saginaw Bay, Bay and Tuscola Counties
Purpose: Observation and testing

Contrasting Shorelines
Wetlands

Previous lake levels

Site XIV Tahquamenon River and Falls - Upper Peninsula
Purpose: Observation and testing

Bedrock stratification

Stream erosion

Stream deposits
Limnology studies

Site XV Pictured Rock - Marquette areas
Purpose: Observation and testing

Bedrock stratification

Limnology studies
Iron ore formations

Site XVI Keweenaw Peninsula

Purpose: Observation and testing
Faulted Ridge
Oxbow Lakes

Flood plains
Old stream

Site XVII Betsie River Embayment, Benzie County
Purpose: Observation and testing

Sand dunes

Fluvial terraces

Delta

Site XVIII Coastal Allegan and Van Buren Counties
Purpose: Observation and testing

Beach development
Bluff erosion

Site XIX Hartford, Southwestern Michigan
Purpose: Observation and testing

Groundwater survey

Site XX Irish Hills

Purpose: Observation and testing
Glacial formations

Wallace



FIGURE II

RECOMMENDED SCHEDULE

COASTAL-ENVIRONMENTAL STUDIES ASSOCIATE DEGREE

SEMESTER I CREDITS

English - 110 3

Geology - physical 210 Lee. 3

211 Lab 2

Math - algebra 113 3

Biology - basic principles 110 Lee. 4

111 Lab. 2

Coastal Environmental Science 101 1

SEMESTER II

Aerial photo topographic maps 230 4

Physical Science - lab. math 120 3

Chemistry - general 120 Lee. 3

Water Chemistry 125 Lab. 4

Government, law, and environment WO 3

Computer and Data Processing 123 2

SPRING-SUMMER

Geology - field 220 6

Limnology 140 Lee. 3

141 Lab. 2

SEMESTER III

Chemistry - general II 130 Lee. 4

Water Chemistry II 135 Lab 4

Math - algebra 155 3

Coastal land usage 240 3

English - scientific writing 270 3

SEMESTER IV

Humanities - two courses 6

Coastal Environmental Science 201 1

Political Science 101 3

Wallace
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FIGURE III

RECOMMENDED SCHEDULE

COASTAL-ENVIRONMENTAL STUDIES CERTIFICATE

SEMESTER I

Coastal Environmental Science

Aerial photo topographic maps
Physical Science - lab. math
Chemistry - general
Water Chemistry
Government, law, and environment
Computer and Data Processing

SPRING-SUMMER

Geology - field
Limnology

SEMESTER II

Geology - physical

Chemistry - general II
Water Chemistry II
Coastal land usage
Coastal Environmental Science

English - scientific writing

CREDITS

101 1

230 4

120 3

120 Lee. 3

125 Lab. 4

140 3

123 2

220 6

140 Lee. 3

141 Lab. 2

210 Lee. 3

211 Lab. 2

130 Lee. 4

135 Lab. 4

240 3

201 1

270 3
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MANAGING THE FUTURE OF THE GULF OF MAINE

An Institutional Framework

Gregory M. Scott
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Abstract

The Gulf of Maine is a unitary resource shared by a multitude of
competing interests. Fishermen, oceanographers, environmentalists, oil
drillers and many others view the future of the Gulf in varying special
and often competing perspectives. There is, however, no central focus
or means of ensuring that the resource as a whole will be managed to the
benefit of all. It is time to bring people together in a series of
discussions that will lead to the formation of an institutional frame
work for managing the future of the Gulf of Maine.

The Gulf of Maine is New England's largest and greatest natural
resource. A rectangular 36,000 square mile depression with an average
depth of 82 fathoms, it stretches from Cape Cod, Massachusetts to Cape
Sable, Nova Scotia. The Gulf's economic value in fisheries alone reaches
hundreds of millions of dollars, making it an important part of the
national and world food supply. The Gulf's potential for providing oil,
natural gas and mineral wealth has not been accurately determined, but
is attracting substantial investment interest. As a transportation
resource the Gulf of Maine is New England's gateway to Europe, the
Middle East and beyond. Its recreational resources—beaches, sailing,
sportfishing—attract thousands of people each year to hotels, restau
rants and amusements in New England and the Atlantic Provinces.

The Gulf of Maine is unique. It has been described as perhaps the
most distinctive feature of the entire northeast continental slope due
to its peculiar separation from the open ocean and its concomitant
physiographic and water current patterns. Its cold waters flow counter
clockwise, protected by the Georges and Browns Banks from the Labrador
and Gulf Stream currents. The Gulf is therefore a very special laboratory
for scientific research and provides many irreplaceable wildlife habitats.
It is also important to note the Gulf of Maine's rich cultural and
historical maritime heritage, its potential for providing energy, includ
ing tidal power, and its many current defense and communications uses.

As a unique and multi-faceted resource, however, the Gulf of Maine
rests uneasily in the collective custodial hands of many competing
interests. Canadian and American fishermen vie for limited stocks,
carrying on a tradition that reaches back to the sixteenth century.
Before institution of the 200-mile limit, Russian and other foreign
fleets seriously depleted many of the most valuable commercial stocks.
Even New England fishermen compete among themselves for resources under
the watchful eye of the New England Fishery Management Council.
President, TRIGOM, Yarmouth, Maine.
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Other conflicts abound. Oil companies and fishermen face each other
across the fish and scallop laden waters of Georges Bank. Ecologists and
fishermen join forces to halt the tide of oil exploration and then turn
back to face one another over utilization of special marine habitats.
Joining the fray for an occasional skirmish are oceanographers, state and
provincial economic development agencies, tidal power advocates and tanker
terminal operators.

Competition is a treasured part of American and Canadian economic
life. When competition leads, however, to destruction of invaluable and
unique resource areas—areas that serve many people and fill many needs—
it should be tempered by a system of management that directs competitive
energies into positive channels for maximum benefit of all concerned.

Many people and interests must participate in managing the future of
the Gulf of Maine: coastal organizations, state and provincial administra
tive agencies, transportation interests, oil and mineral developers,
commercial and sport fishermen, environmentalists, resort operators,
economists, historians, bankers and many others. The potential list
of participants is in fact so long that the problem becomes how to combine
their divergent talents in an effective management structure.

The purpose of this paper is to propose that an "International
Congress on the Future of the Gulf of Maine," comprised of representatives
of the above and other groups, be convened for the purpose of electing
members to a permanent "Commission on the Future of the Gulf of Maine."

The Congress would have several functions. First, it would provide
a setting and focus for discussion of current critical issues such as
oil and gas development, U.S.-Canadian joint ventures to promote tourism,
coordination of fisheries research to promote habitat protection, and
many other important issues.

Second, the Congress would formulate the structure and responsibili
ties of the permanent Commission. Third, the Congress would elect members
of the Commission and, finally, establish a process for securing the
Commission's political, financial and legal support.

The permanent Commission for the Future of the Gulf of Maine would
have as its central goal promotion of responsible and equitable manage
ment practices to ensure maximum benefit to all who have an interest in
the Gulf of Maine. Reaching this goal will require taking three essential
steps: (1) putting people on the map: identifying people who have an
interest in or who can contribute knowledge or talents to the effort; (2)
conducting the Congress; and (3) establishing the Commission. After the
institutional framework has been created by the Congress, the Commission
begins programs to reach its goals, including periodic conferences to
renew interest and elect new Commission members, and operations designed
to attract continued financial and political support.

At its best, the Commission can be a mechanism for coordinating and
enhancing the many cooperative efforts now under way, and for fulfilling
the momentous potential of New England and Atlantic Canada's greatest
resource: the Gulf of Maine.

Scott
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AQUACULTURE SITING ISSUES IN WASHINGTON'S COASTAL ZONE

Nan Evans

Coastal Resources Program
Institute for Marine Studies

University of Washington

ABSTRACT

Conflicts between important uses of the coastal zone are growing.
Greater commitments of aquatic resources are required as aquaculture
activities expand and intensify. At the same time, increasing recrea
tional and residential use of the coast are placing other demands on
many of the same resources. Nearshore residents want to protect
recreational opportunities and the scenic qualities of the shore.
To protect their livlihoods aquaculturists, including oyster growers,
clam harvesters, and salmon farmers, also need space in aquatic areas
and assurance that other uses will not degrade water quality or
destroy their structures. In Washington State recent public debates
are documented which surrounded the mechanical harvest of clams, raft
culture of mussels, and pen rearing of salmon. Subjects of potential
conflict are shown in the questions of continuing the subtidal harvest
of geoducks, raft culturing of marine algae for food and chemical
extracts, and continuing the use of public nearshore aquatic areas
for private oyster farming.

The resolution of these conflicts is extremely important. Decisions
made by public agencies and the precedents these decisions set will
impact the balance of uses in the coastal zone, the vitality of the
aquaculture industry and the maintenance of the environmental and
aesthetic qualities of the coastal zone. At present no state policy
exists which adequately deals with these problems. Public agency
review and action can be confusing and contradictory because juris
diction is distributed among a number of federal, state, and local
agencies with diverse constituencies and contrasting mandates.

Identifying suitable sites for aquaculture is a complex task.
Technical needs of the industry limit operations to sites with specific
physical, biological, and chemical characteristics. Calm waters free
from destructive waves and currents; high water quality unpolluted by
domestic sewage, agricultural runoff, and industrial pollutants; and
habitat conditions required for survival and growth of the target
organisms are necessities for the success of many types of aquaculture.
Additional factors also must be considered in order to protect the
overall public interest. Competition and compatibility with other
uses of the coastal zone and the impacts on the environmental and aesthetic
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qualities of the area require the evaluation of government agencies
and private individuals.

The difficulties in deciding what decisions to make, how to make them,
and who should make them result in delay, uncertainty, inefficiency,
and ineffectiveness. Disputes arise and conflicts can intensify.
Resources can be lost or wasted while fledgling aquaculture industries
have few opportunities or incentives to develop.

This report provides background information on these issues and
suggests that the following aspects deserve more attention in the
future: (1) how environmental impacts and risks are determined,
(2) how claims for aesthetic quality can be evaluated and measured,
(3) how the agencies can better coordinate their policies for coastal
area use, and (4) what methods can be used to plan for the aquatic
areas which recognize the special features of the aquatic areas.

Local planners and county commissioner will find this report useful
for making site specific decisions and for refining and implementing
the shoreline master programs. State resource or regulatory agencies
and law makers can use this report in their efforts to explore avenues
for administrative and legislative reform. Marine scientists may
find the issues presented helpful in designing relevant research
programs. The aquaculture industry and the interested public can use
this paper as a guide to the scope of the difficulties and a reference
source for further information and discussion.

Aquaculture Siting Issues in Washington's Coastal Zone is intended
to stimulate the thoughtful examination of the many aspects of the
problem. The report urges the directed search for solutions which
will provide for the wise use of coastal resources, protect the
integrity and value of coastal ecosystems, and lead to a more
rational system for managing the many competing uses of the coastal
zone.

Evans
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GEOMORPHIC INVESTIGATION OF TIDAL DRAINAGE NETWORKS

1 2Joe R. Wadsworth, Jr. and Zeev Berger

Abstract

Geomorphic analysis of tidal drainage networks, as outlined herein,
is a useful approach to interpreting important sedimentary processes and
environmental controls affecting salt-marsh development, and can reveal
much useful information about large tidal systems that is not obtainable
through more traditional methods. Low-altitude, color-infrared imagery
of the Duplin River system, Sapelo Island, Georgia, was analyzed to pro
duce a highly detailed drainage map. The map was digitized, and analyzed
for a set of standard geomorphic variables using computer processing.
Drainage density and channel reticulation, measured through quadrate
analysis, were evaluated using contouring and trend surface analysis.
Four principal drainage types were characterized: discrete, sparse semi-
discrete, dense semidiscrete, and reticulated. Important local drainage
anomalies were then identified. The distributions of all drainage types
were compared with distributions of numerous environmental and sedimentary
parameters measured in the field. Morphologic data from discrete tidal
drainage networks were tested against five standard geomorphic relation
ships developed for fluvial systems, and results evaluated in terms of
process and environmental differences between the two systems. Major
variations in maturity and stability of development of drainage networks
within the Duplin system suggest the need for reevaluation and expansion
of current models of salt-marsh development.

INTRODUCTION

The geomorphology of tidal drainage networks is a meaningful
reflector of the important sedimentary processes and environmental con
trols operating in salt marshes. As addressed in this study, salt
marshes are "intertidal flats well vegetated by halophytes" (Frey and
Basan, 1978). The importance of understanding salt marshes as sediment
ary systems is dictated by their significance as breeding areas for com
mercial fish, buffer zones for coastal storms, areas of high primary
productivity, and many other regards. These have all been well examined
elsewhere, and need not be considered here. The principal aim of this
paper is to propose a general approach to the investigation of salt
marsh drainage geomorphology that emphasizes the recognition of impor
tant sedimentary processes and environmental controls. This approach was
developed for the study of tidal drainage networks in the Duplin River
system, Sapelo Island, Georgia (Wadsworth, 1980), and is presented here

Institute of Ecology, university of Georgia, Athens, Ga.

2
Geologist, Law Engineering Testing Co., Marietta, Ga.
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as a sequence of general steps applicable to future studies of tidal
drainage geomorphology.

GENERAL APPROACH

(1) Field survey

In the preliminary stages of the study, dozens of salt marshes
throughout the Atlantic, Pacific, and Gulf coasts of the United States
were examined in the field for differences in drainage morphology and
general environment. The main purposes of this fieldwork were (1) to
determine those aspects of salt marsh' drainage geomorphology that re
spond most strongly to major differences in environment and geologic
process, and (2) to assess how much these aspects varied among natural
systems.

(2) Selection of study area

The tremendous variability and related complexity of salt marsh
drainage geomorphology noted during the field investigation demonstrated
the importance of careful selection of the study area or areas, particu
larly if only a single region is to be examined in a particular study.
Because of the great logistical and technical difficulties involved, and
the basic state of understanding of this environment at present, multi
ple-area comparative studies are impractical, and most investigations
have considered only a single region. In this way, interpretation of the
geomorphology of drainage development at a single point in the salt-
marsh developmental spectrum may be stressed, with a view toward render
ing multiple-area comparative studies more practical in the future.

Because the most comprehensive work on tidal drainage geomorphology
prior to the present study (i.e., Pestrong, 1965) had concerned relati
vely "mature" marshes, heavily dominated by high marsh, a study area was
selected that represented the opposite (i.e., "youthful", as defined by
Frey and Basan, 1978) end of the most commonly accepted developmental
sequence for salt marshes: the Duplin River system, Sapelo Island,
Georgia (Figure 1). During the course of the field investigation, youth
ful marshes such as the Duplin system were noted to display the greatest
variation in drainage geomorphology, making them a particularly inter
esting subject for investigation.

Besides the fundamental consideration of geologic development, two
other factors are critical in the selection of a study area: relatively
undisturbed state, and accessability to ground-truth data, whether new
or previously collected. The Duplin system meets these criteria readily,
being virtually undisturbed, and having a broad data base of previous
work (e.g., hydrology, sedimentology, ecology).

In addition to satisfying the criteria just mentioned, the Duplin
system has other advantages as a study area. Location of the system
between Sapelo Island on the east, and a roughly linear series of beach
ridge remnants on the west, provides an unusual degree of intersystemic
network separation for a large system in the Georgia-South Carolina
marsh belt. This separation allows better definition of drainage system
limits, both geographic and environmental. The Duplin system is strong
ly dominated by low marsh as defined by Basan and Frey (1977), and thus
provides an'endpoint for study of the salt-marsh developmental sequence.
Furthermore, sufficient geomorphic variation in the drainage networks

Wadsworth
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Figure 1. Location map of the study area
system, Sapelo Island, Georgia.

— The Duplin River tidal

Wadsworth
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exists within the system to reveal the control/process/response rela
tionships operating in this stage of the sequence, as discussed later in
this paper.

(3) Mapping of the drainage networks

Wadsworth and Berger (1979) evaluated the usefulness of traditional
approaches to drainage analysis for application to tidal systems, and
concluded that detailed maps prepared from large-scale aerial photo
graphs provided a much truer portrayal of tidal drainage geomorphology
than either topographic maps or standard field surveys. The field obser
vations discussed earlier indicated that drainage maps to be used for
comprehensive analysis of salt marsh systems must be of much greater
detail than those used in most previous studies, in order to represent
these systems meaningfully. Such a highly detailed drainage map was pre
pared from color-infrared photography of the Duplin system, and was used
in conjunction with available ground-based data from previous studies
(e.g., channel hydrodynamics, sediment budgets, sedimentation rates) to
analyse drainage morphology within the system.

Color-infrared imagery used in the study was taken at low tide, at
an approximate scale of 1:5000. Drainage channels were denoted on indi
vidual overlays for each scene, using a Bausch and Lomb Zoom 70 viewing
system mounted on a Richards high-intensity light table. Viewing magni
fications ranged from 3.5X to 15X; the higher magnifications generally
were used, to insure maximum transfer of detail. Overlays were compiled
into a master composite, using an enlarged topographic map base and a
1:30,000 scale color transparency to maintain control. The composite was
then reduced photographically to produce a final map at a scale of
1:10,000.

In the course of delineating drainage networks on the overlays,
numerous complexities were encountered requiring evaluation of channels
on an individual basis, to determine if and how they should be represen
ted on the system drainage map. Full explanation of these considerations
is given in Wadsworth and Berger (1978).

(4) Data reduction

The completed map of the Duplin tidal drainage system includes more
than two thousand channels and more than a hundred discrete tributary
networks entering the main channel. Reduction of such a quantity of data
into standard geomorphic measures is not practical using traditional
methods of hand measurement and calculation. Therefore, a procedure was
developed for converting map data into digital form, using an Altek
Datatab graphic digitizing system, and a computer program was written to
process this input into a series of standard geomorphic measures for any
discrete tributary network. Individual discrete networks were enlarged
to a scale of 1:2000 and plotted individually to simplify digitization.

The computer program developed to process these data uses coordi
nates of channel endpoints, true channel lengths, stream orders, and
network areas, perimeters, and axial lengths to calculate a set of 17
geomorphic variables, chosen on the basis of previous use in fluvial
analysis and applicability to tidal systems. These measures, in turn,
were analysed with a standard statistical package to derive means,
standard deviations, and correlation coefficients.

Wadsworth
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(5) Characterization of variation

Visual assessment of variation of drainage characteristics within
the study area showed drainage density and channel reticulation to be
the most important types of variation. Quadrate and trend-surface ana
lyses were used to characterize variation of these two parameters mathe
matically (Wadsworth, 1980). Trend surfaces were examined for any sys
tematic relationships between geographic position in the system and
drainage density or channel reticulation, and to identify areas that
show major departures from regional trends. Particular attention was
given to identifying relationships with the positions of major channels;
locations of major tributary junctures; proximity to the head or mouth
of the Duplin main channel or that of a principal subsystem; locations
of possible buried ridge remnants; and proximity to the system bounda
ries, particularly in those areas where significant local Influx of sed
iment is possible (i.e., hammocks and Sapelo Island).

(6) Identification of principal drainage types

Using the drainage map and related statistical analyses, it was
possible to identify and delineate four distinct major drainage types
within the Duplin system. Distinction between these types is based
principally on differences in drainage density and channel reticulation,
but numerous other distinctive characteristics may be recognized as
well. The four principal drainage types are:

(a) discrete drainage: drainage networks that do not circumscribe
any closed areas of marsh, and that feed directly into the
main channel of the Duplin or one of its major tributaries.
These networks are typically dendritic to pinnate, elongate,
and have trunk channels that are normal to the Duplin main
channel.

(b) dense semidiscrete drainage: drainage networks that do not cir
cumscribe any closed areas of marsh, but that feed into drain
age that does (reticulated drainage). They are typically
dendritic but locally subparallel, and include networks that
are highly irregular in outline. Principal channels of these
networks extend into reticulated drainage, and overall drain
age density is high.

(c) sparse semidiscrete drainage: drainage networks that do not
circumscribe any closed areas of marsh, but that feed into
drainage that does (reticulated drainage). They are generally
similar to dense semidiscrete networks, but have a much lower
drainage density, with very open networks. Networks are typi
cally dendritic, but locally subrectangular.

(d) reticulated drainage: drainage networks that completely circum
scribe and define numerous small areas of marsh, and have
channels that are highly interconnected in a very irregular
fashion, Drainage density is high, and stream piracy is evi
dent in many places. Parallel and ponded drainage are common
locally.

Wadsworth



171

(7) Identification of anomalous drainage types

After principal drainage types have been characterized and deline
ated, local drainage networks of limited geographic extent may be iden
tified that do not fit into one of these general types. While an endless
number of such local variations will be revealed by a sufficiently de
tailed examination, a few either occur at several places within the
system, or are particularly well-developed in a few places, and so are
thought to be of more than unique significance. Identification of these
anomalous drainage types is important in interpreting local processes
and environmental controls.

Five major anomaly types were noted in the Duplin system — pirated
stream remnants, underfit streams, and annular, nodular, and complex
drainage. These are described in detail in Wadsworth (1980).

(8) Correlation with field data

After the major drainage types in a tidal system have been identi
fied and mapped, their distributions can be compared with those of
environmental and sedimentologlc variables, and the correlations between
them used to interpret the important processes and controls affecting
drainage development in the system. For example, in the Duplin system,
sparse semidiscrete drainage is associated exclusively with areas of
high marsh, suggesting common causal factors for the two phenomena.

Variables that were compared with drainage type include sedimenta
tion rates; grain-size analyses; positions of detrital oyster-shell
deposits and live oyster colonies; rates of lateral migration; eleva
tion; seismic records; geotechnical properties; tidal velocity profiles;
time-velocity tidal asymmetry; and proximity to a major sound. A summary
of the interpretations made for the principal drainage types is given
below, to illustrate the kinds of conclusions that can be derived
through this approach.

(a) discrete drainage: This drainage type occurs in an area of ac
tive headward erosion, promoted by slopes that apparently are
higher than those generally seen in the Duplin system, and by
active, although episodic, sedimentation. These higher slopes
have developed together with deposition of a broad drainage
divide through storm-related sediment transport. Such storm-
related activity is encouraged by the straightness of this
part of the Duplin main channel, and by its proximity to the
open reaches of Doboy Sound.

(b) reticulated drainage: This drainage type results from extensive
stream piracy, combined with maintenance of the captured chan
nels. Retention of these less efficient parts of the drainage
network is possible due to the low rate of general surficial
sedimentation and sediment redistribution, and negligible
local slopes. Low sedimentation rates, verified in neighbor
ing, environmentally similar marshes, apparently result from
lateral confinement of the reticulated zone, enhanced by the
net export of fine clastic sediment from this part of the
system, and minimal biogenic sedimentation.
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(c) dense semidiscrete drainage: This drainage type may be charac
terized as occuring in areas of relatively rapid sedimentation
and vertical accretion. Extensive streamside-levee areas with

in these zones enhance the high sedimentation rate through the
rapid deposition characteristic of normal levee development.
Location of the zones at the headward extremes of the system
promotes headward network extension by maximizing ebb-domina
tion. With continued development, adjacent networks become
interconnected, and are converted to reticulated drainage.

(d) sparse semidiscrete drainage: This localized drainage type de
velops under the restricted environmental and hydrodynamic
conditions characteristic of the high marsh subenvironment.
Infrequent tidal flooding of this topographically elevated
area and relatively high permeabilities induced by the high
sand content of the substrate eliminate the need for an exten

sive drainage network. Effective root binding by the high-
marsh vegetative suite supports development of well-formed
channels in an otherwise noncohesive substrate.

(9) Comparison with fluvial systems

Understanding of the geomorphic development of tidal drainage
systems is currently in a very early stage. A particularly useful
approach to studying such a little-known system is to compare it with a
relatively well-understood one. In this study, characteristic geomorph
ic relationships derived for fluvial systems were used as a model of
typical fluvial drainage development, and tested against tidal data from
the Duplin system.

Only networks in the discrete drainage zone were used for compari
son with fluvial networks, because they are the only drainage networks
in the Duplin system that maintain a discrete (non-reticulated) charac
ter through the entire network, to its juncture with the main channels
of the Duplin or one of its tributaries. It is usually difficult or im
possible to assign stream orders to individual channel segments in a
partially or completely reticulated network, rendering such networks
unsuitable for comparison with fluvial systems.

To evaluate the resemblance between tidal drainage of the Duplin
system and fluvial drainage, the following five characteristic fluvial
geomorphic relationships were tested against data from the Duplin
system: (1) geometrical similarity; (2) frequency distribution;
(3) Horton's Laws of Drainage Composition; (4) area/length relation
ships; and (5) stream frequency/drainage density relationships. Method
ology and results of this comparison are given in detail in a later
paper (Wadsworth and Berger, in preparation). In brief, the tests re
vealed numerous differences between tidal and fluvial systems. These
results suggested that the tidal networks examined were not in full
equilibrium with their environment, and reacted significantly to subtle
variations of environmental conditions within the discrete drainage

(10) Synthesis and conclusions

Once the important sedimentary processes and environmental con
trols influencing the development of individual drainage types have been
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evaluated, they may be reexamined from the viewpoint of the system as a
whole, and interpretations made regarding the general developmental
model for the salt-marsh environment. In the Duplin system, drainage
types suggestive of youthful development (e.g., discrete) and super-
mature development (e.g., sparse semidiscrete) coexist. Similarly,
drainage types that seem to be in an equilibrium or stable phase (e.g.,
reticulated) coexist with others that are actively developing (e.g.,
dense semidiscrete). These results suggest that currently accepted
models of salt marsh development may be oversimplified, and need to be
reevaluated and expanded (Wadsworth and Frey, in preparation).

SUMMARY

The geomorphic analysis of tidal drainage networks, using a drain
age map prepared from large-scale color-infrared imagery,-has proved to
be a valuable approach to the interpretation of important sedimentary
processes and environmental controls influencing the development of
drainage in the Duplin River tidal system, Sapelo Island, Georgia.
Correlations with supplemental ground-truth data, including topography,
vegetative zonation, current measurements, sediment analyses, seismic
profiles, and historic maps, as well as numerous other studies in simi
lar environments, have corroborated these analyses. By extending the
conclusions and methodology of this study to new areas, the researcher
can extract much useful information about large tidal systems that is
impractical to obtain by more traditional approaches.
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VISUAL SIMULATION OF OFFSHORE LIQUEFIED
NATURAL GAS (LNG) TERMINALS IN A DECISION-MAKING

CONTEXT
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ABSTRACT

Due to legislation passed in 1977, the Coastal Commission took part
in a study analyzing potential offshore Liquefield Natural Gas (LNG)
sites and the types of terminals that might occupy those sites. The
study had to evaluate the engineering feasibility of siting an LNG
receiving terminal offshore, in relation to the maximum protection
of coastal resource provisions required by the California Coastal Act.
The Coastal Act embodies a broad range of policies for the protec
tion of coastal resources, which includes providing for the protection
of scenic and visual resources within the coastal zone. This paper
analyzes the use of a visual simulation technique for the siting of
offshore LNG terminals and describes how the technique was used to
implement the scenic and visual protection policies of the California
Coastal Act.
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