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Foreward

The Coastal Society held its 10th National Meeting in New Orleans,
Louisiana 12-15 October, 1986. The theme of the conference "Estuarine and
Coastal Managemaent - Tools of the Trade” reflects the maturation of estuarine and
coastal management efforts in this country.

In the early 1970's, the concept of land and water management in the critical
coastal zone for the purpose of conserving coastal resources was in its infancy.
Initially we were theorists developing new principles and practices as we went
along. Much of our effort was expended delineating the area which we wished to
influence through coastal management and defining and describing the resources
and processes we nseded to affect.

We have come a long way since those early days. Our “profession” has
matured. We have more confidence in what we wish to accomplish, and we have,
through a complex combination of trial and error, careful planning and
experimentation, serendipity and just plain luck, developed valuable knowledge
and experience in how to manage coastal areas and resources.

These proceedings reflect the increasing sophistication in our approaches to
management, science and technology, and planning and regulation in the nation's
coastal and estuarine areas. We hope that new practitioners of our professions
find this compilation useful in guiding their work as they join us in coastal activities.

A particularly interasting result of the Conference being held in New QOrleans
was the thorough discussions of the problems and the management approaches
associated with the Mississippi drainage basin and Louisiana’s extensive coastal
marshes. This extensive review of the host region's problems and solutions
expands the coverage of regional issues reflected in previous conference
proceedings, reinforcing the desirablility of rotating conference sites to different
coastal regions.

1 wish to thank those individuals that contributed to these Proceedings and to
the succass of the conference by attendance at the sessions, presentation of
papers, and participation in discussions. | wish to acknowledge the effort of Ms.
Karen L. McDonald who was instrumental in the successful planning and conduct
of the Conference. | also wish to acknowledge the efforts of Ms. Susan Hiser, Ms.
Heidi Leiffer, and Mr. Robert McCormack for their assistance in preparing these
proceedings for publication.

Maurice P. Lynch
Proceedings Editor
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AN ACTION AGENDA: THE CHESAPEAKE BAY EXPERIENCE

Govemor Harry Hughes
State House
Annapolis, MD 21401

It is a pleasure to be invited to join with the Coastal Society in its Tenth National conference as
you consider the goals, strategies and progress of estuarine and coastal management, Having
perused your calendar of sessions and activities, I must compliment the sponsors. You have
assembled an accomplished group of policy-makers, managers, scientists and interested citizens
who are committed to the protection, conservation and restoration of our bays and coastal
resources, and have thoughtfully organized your program to encourage a creative exchange of
ideas, technology and perceptions.

It is somewhat difficult to choose an appropriate message for this plenary session. In my
customary Chesapeake Bay Restoration speech, [ review our Chesapeake Bay program, our goals,
the initiatives and our progress to date, and then attempt to find the common denominators with
other stressed estuaries, concluding with a broader theme -- the importance of our Nation's bays
and estuaries and the need for a national commitment to revitalize these estuarine and coastal
environments.

Without a doubt, delivering such a sermon to this knowledgeable audience is preaching to the
proverbial choir. Instead, I will focus on several key elements of our regional and state
Chesapeake Bay experience, ard try to draw a few conclusions which I hope may inspire fresh
ways of thinking and perhaps, a few new tdeas.

Our nation's coastal bays and estuaries are the most productive, biologically active, yet fragile
components of our ecosystem. They are also the most neglected, the most misunderstood, and the
most prone to rampant, careless development. Consequently, these unique resources are much
abused and currently experiencing a long, ultimately fatal, decline.

However, our national understanding of these precious resources and concem for their
protection and preservation is on the upswing. Both the Environmental Protection Agency and the
National Oceanic and Atmospheric Administration have established estuarine and coastal
management programs building on their experience in the Chesapeake Bay, Hudson-Raritan
Estuary and others. Over the last three years, Congress has appropriated $9.6 million to assist
state and local efforts to protect and restore the water quality and living resources of six other



estuaries; Puget Sound, Long Island Sound, Narraganseit Bay, Buzzards Bay, San Francisco Bay
and Albemarle and Pamlico Sounds.

If that wasn't enough, Congress has just approved and sent to the President H.R. 8, the Clean
Water Act Amendments, which authorizes a national estuarine program utilizing the
intergovernmental cooperative planning and management approzch based upon our Chesapeake
Bay restoration experience. So it is especially timely for me to reflect on our initial years of

€ experience.

Before I do, however, [ have an overall observation on the federal role and predominant
emphasis on implementation. Environmental programs cannot exist without a strong body of
science to identify the issues and to pinpoint the problems and their solutions. The National
Research Council has recently concluded that scientific information is not being used effectively in
implementing environmental policy. They recommend involving scientists from the beginning of
the policy process. Ultimately, we need to bring the state-of-the-art technology and science
together with our management needs. Moreover, proper management of research programs cannot
occur without a long-term commitment, sufficient funding and attention to quality. Federal support
for scientific research is essential. Iurge that EPA, NOAA and the National Science Foundation
gsmbﬁs:da joint initiative on estuarine research and that the federal resources in this area be
increased.

Our Chesapeake Bay cffort exemplifies an unprecedented, intergovemmental,
interjurisdictional ership. Three states, the District of Columbia, seven Federal agencies,
hundreds of local jurisdictions and thousands of citizens are all working together within an
institutional framework which does not take away any authority from the respective parties. The
traditional adversarial federal-state-local tensions and regional conflicts have been replaced by this
creative collaborative approach.

The cooperative planning process established by the Chesapeake Executive Council has
produced the Chesapeake Bay Restoration and Protection Plan to serve as the framework for
restoration endeavours. It is a major, positive initial step that charts a course for the states, the
District of Columbia and the Federal government. It serves as an important springboard for our
immediate program objectives and a basis for further refinement.

Let me illustrate. While we have made a successful beginning, our Chesapeake Bay effort is
still in its infancy. There are many remaining problems that need to be solved. For example, we
have not fully defined the nutrient relationships in the Bay and the extent to which their transpont
and regeneration from the sediments contribute to algae and dissolved oxygen problems. We need
to resolve the scientific uncertaintics and the technological, managerial and financial issues
regarding nitrogen. We need to better understand how toxics react in an estuarine system and
adopt appropriate stardards for priority toxic contaminants.

It is our intent to address these and other questions through the second phase of the planning
process which will further refine our water quality, living resource and habitat objectives for the
major tributaries of the Bay.

Through this Phase II process, we should be able to provide more ific definition of
solutions including water quality goals and standards, load limits for each of these tributaries,
assigament of specific responsibilities among the jurisdictions and very clear benchmarks to
MONitor our progress.

This is the first and most critical aspect of the Chesapeake Bay framework. For the
Chesapeake Bay effort to succeed, we must acknowledge the need for critical, continuous
examination of our efforts. That examination should embody the understanding that this planisa



living document, which in its evolution will be further defined with greater specificity so that we
can achieve our Bay restoration goals.

The environmental problems frequently outrun solutions. We must accept the premise that in
time, it will be necessary to alter the existing framework. We must test our initiatives, our
assumptions, even our institutional arrangements. We must be honest and correct our strategies,
when they fail. To do so, we must become better measurers.

For this reason, our regional Chesapeake Bay Program has established an extensive program
of water quality, living resource and habitat monitoring and research throughout the Bay so that we
can track the constantly changing character of the Chesapeake, investigate key processes and
relationships and, ultimately, determine how our strategies are working. This is perhaps the single
most important factor in assuring program accountability.

Within two months of the release of the EPA Chesapeake Bay study findings in 1983, I joined
with my fellow governors of Pennsylvania and Virginia and the mayor of the District of Columbia
in an historic conference where we executed the Chesapeake Bay Agreement of 1983 to coordinate
our initiatives throughout the watershed for the protection and enhancement of the Chesapeake
Bay. By early 1984, major programs to protect and restore the Bay were initiated in each
jurisdiction. All of this activity did not happen overnight. There was a series of activities,
strategies and events building momentum for support for the Chesapeake restoration effort.

In 1982, Governor Robb of Virginia and | met to review the findings of the EPA Bay Study.
Several months later we visited Harrisburg for a meeting to discuss the Bay with Governor
Thomburgh of Pennsylvania and received a promise of his support for the Chesapeake Bay
restoration. A well publicized tour of the Bay was held later in the summer with all three of us,
then EPA Administrater William Ruckelshaus and the U.S. Senators from each State.

The key point to remember is that these events enabled us to slowly build consensus towards a
regional implementation strategy, and at the same time, these events helped to generate broad-based
public interest and support for the Bay restoration, making 1984 the Year of the Bay. While some
might decry these activities as political ballykoo and fanfare, events such as conferences, signing
ceremonies, and meetings at the highest political level are a key component of a popular and
successful Save the Bay or Save the Coast campaign. Remember, politics is fueled by good news,
not bad.

Within Maryland, our task of developing Maryland's program of initiatives for the Bay was
dependent on the State agencies working together as they never had before. Eight Departments
examined ongoing Bay management programs in the State, consulted with a vast array of Bay
users -- farmers, watermen, sportfishermen, conservationists, environmentalists, industry
scientists and local government officials -- and developed a coordinated series of initiatives (35 in
all), which build on existing strengths while being responsive to the EPA recommendations.

As promised, I will not review all of our Bay initiatives, nor the full litany of
accomplishments but 1 do want to make some specific observations on Maryland's Bay program
because I believe our experience offers an important model for estuarine management.

Maryland and has taken a holistic and ecological approach to restoring the Bay. My
administration is strongly committed to the belief that in order to bring about the restoration and
protection of the Bay, we cannot deal with one sympton or one aspect of the problem. Instead, we
must adopt holistic and integrated strategies - i.e., nonpoint and point source pollution control
programs, resource restoration efforts, land management techniques and institutional
improvements, monitoring, and research.



One of the themes, therefore, has been to look at all of the sources of pollution in a given
watershed to analyze the transfer of those pollutants to the Bay and their impacts on water quality
andblliving resources, and then to devise comprehensive and ecologically sound soluticns to the
problems.

A second theme is that simple, single-thrust strategies to restore the Bay are insufficient. Both
incentive and regulatory approaches, as well as experimentation with new responses and
preventive techniques, are needed in our environmental protection and resources management
systems,

A third theme is that the arsenal of laws, policies and programs are essential, but in the end it
is long-term support and citizen participation in the Bay cleanup that will make the crucial
difference. Seldom have our citizens spoken so loudly, but we must repeatedly remind them there
are no ovemnight solutions to problems which spanned decades, and government alone cannot
solve the Bay's problems.

Since we made our commitment two and one-half years ago to cleaning up the Chesapeake,
several noteworthy accomplishments have been realized. First and foremost is that I have allocated
over $130 million state funds alone. This funding approved by the Legislature set in motion our
comprehensive set of strategics focused on both problems and opportunities.

What have we accomplished in each of the areas?
Point Source Pollution:

* We have completed phosphorus removal at 17 separate treatment plants in Maryland,
reducing the load being discharged into the Bay by more than 10,000 pourds annually when
compared to 1980 levels. By 1988, nearly 80 percent of the total phosphorus entering the Bay and
its tributaries will be reduced, and all 160 publicly-owned treatment plants will be meeting their
compliance levels.

* Since 1983, enforcement and compliance activities directed against municipal and industrial
plants have more than doubled.

* We have a major program to eliminate chlorine from our sewage treatment plant discharges -
- 120 or 150 public treatment plants have or are removing chlorine.

Nonpeint Source Pollution:

* We have launched an all out effort to control agricultural and developed land runoff. Best
management practices have been installed on 1,700 agricultural cost sharing projects, utilizing
some $4 million in state funds. Compliance with sediment and erosion control has improved
dramaticalty,

Resource Enhancement:

Declines in fisheries and living resources were probably the most important factor leading to
the public recognition of the need to save the Bay. Improvement in the condition of these
resources will be the ultimate measure of our success. Our efforts in this area are aimed at
improving the Bay's productivity by restoring diminished stocks of Bay grasses, waterfowl,
shellfish and finfish, and enhancing their habitats.

* We have imposed a moratorium on the taking of striped bass and developed fisheries
management plans for important Bay species.



* We have increased the spreading of oyster shell to encourage oyster reproduction.
* We have planted Bay grasses.

* We have enlisted conservation teams, comprised of Maryland's youth, to plant trees and
restore croding banks.

Lard Management:

The fragility and importance of the Bay's aquatic and living resources, and their limited
capacity to withstand the cumulative impact of innumerable development activities must be the
controlling factor for future public and private decisions.

Maryland’s Critical Area program, which is the comerstone of our Chesapeake Bay program,
is designed to control growth in the critical land-water edge and to minimize adverse impacts on
water quality, wildlife and habitat.

The edges of the Chesapeake Bay where water meets land are perhaps uniquely representative
of the ¢ritical sun- water-nutrient relationship. The marshes, grasses and beaches that make up the
edge represent and embody, if they are healthy, the overall well-being of the Bay. Itis also at the
edge that man's destructive, carth-moving activities most directly and irrevocably impact on the
health of the Bay.

Controlling this zone is the best guarantee that the estuary's biological system will be
maintained. Converting this zone to the nonreversible uses of houses and intense human activity
will destroy this capacity. For this reason we created the Critical Area Commission.

The Commission has promulgated criteria to guide local land use decisions in the one
thousand foot strip of land bordering the Bay and its tributaries. These criteria impose stringent
restrictions on development opportunities in much of the existing forest and farmland, marshlands
and sensitive habitat arcas,

Effective land use management and control mechanisms and strong resources protection
policies are essential elements for estuarine and coastal protection. Land preservation, specifically
the acquisition of strategically located lands with significant biological qualities, large undisturbed
ecosystems or important watershed values, must be a major priority. The cumulative impact of
innumerable dcvcl:;fmcm decisions will determine the future character of our nation's bays,
estuaries and coastal resources.

I spoke carlier of the need for public support and citizen involvement. Unless we sustain
long-term public support for the Bay restoration effort, all our actions could be futile as
increasingly difficult tradeoffs are needed and other issues become dominant on the public agenda.

To help encourage citizen involvement and education efforts, we have created the Chesapeake
Bay Trust. This is a picneer program to foster a public/private sector alliance in the Bay clean-up
mission.

The basic concept of the trust is to serve as a broker for Bay involvement by matching private
sector financial support with worthy, necessary projects, some projects conducted by groups
already 'paﬂicipaﬁng in Bay improvement activities and some by others secking to become invalved
for the first time.



Restaration of our Bay cstuarics and coastal environments requires that many people make
conscious decisions about the way they live and the way they do business. It is common to think
of environmental controls as being set by government alone, but the truth is that real pollution
control is achieved by thousands or even millions of people who tumn the controls, dispose of the
chemicals, dump the trash and fertilize the fields in the watershed.

Without the commitment and cooperation of these individuals and all our citizens, our resource
and protection plans for the nation’s estuarics will stand only as hollow shells of intent, not
springboards for action.

Preservation of the Chesapeake Bay has engaged the energies, excitement, and dedication of
our citizens and our region’s leaders both public and private. We are summoned at once to be
innovative, pragmatic and progressive. A strong commitment at the hiﬁhcst political levels will be
necessary to make the tough decisions and stay the course. Consider the analogy offered by
William Ruckelshaus at the Chesapeake Bay Conference.

“Just as the Bay itself is the consequence of a complicated set of natural phenomena -- riverine
and tidal flows, sediment, nutrients, vegetation and the direct acts of man, so too are the
complicated interactions of the decision-making authorities here today. So long as all the parties
are willing to devote substantial time and effort to work out compromises, to equitably share and
assume responsibility, and to recognize each other’s limitations and constraints -- the result of this
complex interaction will only lead to progress.”

I could not agree more.

The challenges to the future of cur nation’s bays, estuaries and coastal environments are upon
us all. Our Chesapeake Restoration Program is not the final answer for the Bay's long-term
protection, it is a major, positive step in a long and remarkable journey. It will take all the
dedication and cooperation we can muster. Itis a challenge to the human spirit. In the end, we
will not only have preserved the Chesapeake Bay and other precious bays, estuaries and coastal
environments, but we will have also brought forth the best qualities in our citizens, communities
and govemmental institutions.

Not too long ago, I read that Maryland is in the vanguard of estuarine reclamation. The more I
thought about this statement, I felt it was dubious distinction at best.

What troubled me was the realization that our nation’s estuaries, coastal ecosystems and
treasured natural resources have become so severely stressed and allowed to deteriorate that we are
now forced to spend massive federal, state and local funds to play catch-up and, what is even more
profoundly disturbing, it may be too late.

What if we are unable to halt the decline?

How is it that we have allowed environmental stresses to consume our natural heritage?

Too often, we chase pollutants from the pipe to the stack, to the pile -- shifting pollution from
one medium to the other. Yesterday's toxic discharge into a river sometimes becomes today's
hazardous waste dump or tomorrow's air and groundwater pollution.

Too often, we make the pocrer economic choice, failing to consider it is cheaper in the long
run to prevent pollution than to clean it up once it has occurred.

Too often, we ditch, dike, divert and drain our waterways, destroying their natural processes
and then wonder why the water does not flow as it should.



Too often, we cry save the bay, save the grizzly, the coast, the sequoias, the Everglades, the
Pinelands, the North Cascades, the caribou, and the list goes on and on.

1 will close with this thought.
We must make a distinct departure from past practices and mindsets.

We must move away from environmental policy born of crisis-reaction to an era of strategic
planning for our environmental future.

We must look beyond the current Congressional legislative docket and budget fray - and set
forth our national environmental agenda to the end of the century and beyond.

We need a broad national strategic environmental plan to carry us into the 21st century.
The task is daunting but incscapable.
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NEAR COASTAL WATERS: TOWARDS A NEW CONSENSUS

Rebecca Hanmer
U.S. Environmental Protection Agency
401 M Street, SW
Washington, D.C. 20460

I am pleased and honored to be here today 10 join your tenth National Conference.

We are here at this conference — Tools of the Trade -- sharing a common bond as coastal
professionals. We are not people who care just about the quality of our own lives but who care
deeply about preserving the natural heritage that has nurtured and enriched our society and
contributed so immmeasurably to our standard of living and quality of existence. We are here to
leam and grow, to examine and exchange ideas and improve our tools for managing and protecting
our coastal environment.

You have discussed this momning the roles and responsibilities of several major federal actors
in the coastal areas - EPA, NOAA, USFWS, and the Corps. You are also familiar with the role of
the states, through the CZMA and other mandates.

You heard about the management principles guiding the g_mgrcss of the Chesapeake Bay,
Great Lakes and National Estuaries programs under EPA's Office of Marine and Estuarine
Protection, and you were given an overview of four of the programs - Chesapeake Bay,
Narragansett Bay, Long Island and Puget Sound.

Several major elements of these programs have contributed to their success - they are action
oricnied and geographic specific; involve federal, state and local agencies working together; and
feature carly participation by the public. As such, these programs represent a new era of critical
area plarning. And over the next two days, you will be discussing the many tools being used at
federal, state and local levels in these and other programs.

A lot is happening out there. It is encouraging to see.

However, despite all our work we are just at the threshold. It is not encugh. We and our
society are on a collision course with the many bays, wetlands and other waters along all our
coasts. We need to think more broadly - what can society do to lessen the onslaught of pollutants
pouring daily into our near coastal waters, to slow the senseless destruction of our coastal
wetlands, to slow the upstream stripping of forests and draining and clearing that increase the



;d?qm':’ﬁveness of massive water flow to coastal areas; to do all this while still conducting our daily
airs'

I submit to you that business as usual won't work anymore. We've been enjoying the coast
and exploiting the riches of coastal waters. We've been living on the legacy of the environmental
laws from the late sixties and early seventies, and on water quality management planning from the
late seventics, and they arc not cnough. We've been controlling dischargers through our ever
stronger permitting and enforcement programs.

Even that is not enough. The well-used regulatory and planning tools will not ensure full
protection of coastal resources.

We have been working separately as coastal professionals, often at cross-purposes with each
other and very often without reinforcing each other.

It is now time to take stock, to chart new directions, to work together to find new approaches
towards reviving our coastal environments. Time is fleeting.

We must refine and fashion new tools with an eye to the future. We must communicate and
overcome the traditional societal barriers. We must convince the developers, landowners, the
bureaucrats and bankers, fishermen, and industry that it is in everyone’s interest to restore and
preserve our coastal heritage before it is too late.

I said that business as usual was not working, and time is flecting. What do I mean by that?

Twenty years ago society woke up to fact that our water, our air, our forests, and our fish and
wildlife were not the same, that they were no longer thriving but dying from pollution because of
the way we were living. We then enacted an abundance of environmental and pollution control
laws to try to clean up our act and restore the quality of our environment.

In the area of water pollution control we have made tremendous strides -- millions of dollars
have been spent on water quality management and planning and billions on waste treatment works.
Some of the water quality management planning efforts were very successful but many were not,
for various reasons -- lack of the right institutional mechanisms, lack of political will,
misunderstanding the problem.

We have made great progress in the control of pollution from point sources in upgrading our
sewage treatment plants, in requiring industries to pretreat their wastewater before sending it on, in
regulating what comes out of the pipe. We have been particularly successful in restoring our
rivers.

However, along came the findings of the Chesapeake Bay study, which showed that the Bay
was in a sad state of decline. In spite of spending over 10 billion dollars in the contro! of industrial
and municipal effluent, we were not saving the Bay.

We were not doing enough to stop the diffuse influx of pollutants from nonpoint sources -
surface runoff of toxic chemicals, nutrients and pathogens from thousands of acres of farmlands,
surburban development, and city streets.

The Chesapeake Bay program is now well underway, action is being taken and we are starting
to sce some results, And management plans are being developed for the other 6 estuaries in the
EPA's national program. These must be pursued with urgency.
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Now we need to turn our attention to the thousands of other bays and estuaries and wetlands
along our coasts. Why should we be worried?

1 think everyone in this room is aware of the unique qualities of these environments, and of
the special help they now need.

Coastal waters and wetlands are honte to many ecologically and commerciaily valuable species
of fish, shellfish, birds and other wildlife. Near coastal waters are worth billions of dollars a year
in commercial and recreational fisheries, tourism and travel, urban waterfront development and
private real estate, marinas, and harbors. Millions of people a year enjoy the bays, beaches,
wetlands and coastal ocean for swimming, boating, fishing, hiking, bird watching, parks and open
space.

As you yourselves have been observing, the coastal zone is also home to an increasingly
larger percentage of our population. Coastal county populations grew 69% between 1950 and
1980. And by 1990, experts predict that 75% of the nation's people will be living within an hour’s
drive from the coast. Evidence of the growth rate is everywhere - for instance, three to four
thousand le a week are settling along Florida's coast; 80% of Califomia'’s population already
lives within fifty miles of its coastline.

An enormous amount of development around coastal waters is accompanying this population
surge. This is in addition to the heavy industrial usage already existing along the coast and in the
drainage basin.

These coastal waters, then, are receiving the wastes from all these activities, often far beyond
their capacity to assimilate them.

Municipal and industrial discharges are still being released to near coastal waters in particularly
large volumes because of the high population densities and heavy industrial uses of coastal areas.
Four hundred seventeen publicly-owned treatment works in coastal counties discharge more than
9.5 billion gallons of effluent per day into near coastal waters. Ard 160,000 industrial and
commercial facilities discharge daily 3.2 billion gallons of wastewater o sewers, resulting in many
toxic chemicals entering near coastal waters.

Non-point sources are a significant problem in many arcas, contributing nearly 50% of the
causes of decline in designated uses in 1,934 square miles of estuarine waters. Agricultural runoff
comprises 2/3 overall of the non-point source run-off.

Furthermore, dredging ports, channels and canals...disposal of dredged materials...drain and
fill of wetlands...construction of flood control structures...freshwater diversions...construction of
railroads, airports and highways...and development of shorefronts for housing, marinas and
business... all further degrade the coastal environment by altering or destroying habitat and open
space.

The evidence of the plight of our near coastal water environments is everywhere.

Toxic contamination of shellfish and fish has led to many closures, bans and advisories to
protect human health, as well as an increased incidence of fish cancer.

Seriously low oxygen levels plague many of the bays and estuaries on all three coasts and the
Great Lakes. Large arcas of coastal waters that are naturally suitable to support shellfish are closed
to harvesting because of contamination from sewage or livestock wastes containing pathogens.
This year's National Shellfish Register reported a loss of productive shellfish acreage in 10 of 11
states with approved shellfish waters, from 1,000 up to 200,000 acres.
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Declining abundances of coastal fisheries, wildlife and waterfowl populations and impairment
of ecosystem functioning result too often from pollution and habitat destruction. For example, the
striped bass commercial harvest on the East Coast dropped from 14.7 million pounds in 1973 to
1.7 million pounds just 10 years later.

Icould go on. But I'think it is clear that this situation cannot continue, that the current system
of water quality management and control has rot been powerful encugh to arrest the onslaught of
society's activities upon the near coastal water environment. It is clear that we must come to grips
with new ways of balancing the conflicting uses of the coastal zone.

Itis time to turn the tide of pollution into one of protection.

It is time for a new wave, a second gencration of water quality planning, management and
control. To work, these plans and controls must be integrated in much more effective ways with
economic and land use planning.

At EPA, a new strategic planning initiative for near coastal waters has been underway for the
past year. Many of you may be alrcady familiar with this effort. The goal of the initiative is to
maintain and, where possible, enhance near coastal water environmental quality, It is meant
largely to be for EPA to get its act together, to improve its own management of coastal waters.

As part of this initiative, EPA will be embarking in several new dircctions to combat near
coastal water degradation.

We will be redirecting many of our pellution control activities towards a greater focus on near
coastal waters. This will include an emphasis on the development of marine and estuarine waters
and sediment criteria, which we will use in making regulatory and policy decisions affecting inland
activities.

We are currently reviewing NPDES permit priorities as part of directing our regulatory and
enforcement efforts to protecting near coastal waters.

We will be developing regulations to more effectively control stormwater runoff, a major
polluter of coastal wetlands and waters. We will also be secking new control approaches for
munrcipal combined sewer overflows, and then ransmit these to other arcas.

We will be revising our five year research plan to reflect a renewed emphasis on the causes
and solutions to degradation of the near coastal water environment, We want a closer examination
of the ecological risks from toxics, the long-term effects of destroying or changing coastal habitat
that our fish and waterbirds depend upon, and the sources of bacterial and viral pathogens
contaminating our seafood and swimming waters.

We will be addressing the non-point source pollutants threatening our bays and estuaries,
from agriculture and existing and new development, based upon our expetiences with nonpoint
source control in the Chesapeake Bay, Great , and other areas of the country.

EPA is already committed to implementing a new, more aggressive nonpoint source control
strategy, which was developed in cooperation with other federal agencies. This strategy will be
coordinated closely with the near coastal waters initiative.

EPA has also committed to reporting to Congress on the state of our marine and estuarine
waters, beginning in 1989. This assessment should help us track our efforts and direct future
Agency priorities.



And coastal wetlands will be given extra attention through EPA's new Office of Wetlands
Protection within the Office of Water.

These are exciting and significant new directions which EPA is charting. EPA has potent
tools which we are commi 1o use and enforce. However, EPA cannot succeed with these tools
unless they are part of a much larger effort.

There are at least 21 other federal programs which affect near coastal waters, not to mention 2
'myrizd of state and local management activities. EPA has already involved many coastal managers
and interests in the development of its near coastal water strategy, and intends to continue this
invo:;lcmem when implementing it. EPA is particularly interested in working with NOAA and the
coastal states.

The serious state of decline of our near coastal water environment requires a much broader
commitment to action, by all sectors of society. We need to find innovative solutions, and work
together to implement them.

There are already instances of innovative critical area planning representing new commitments
by state and local agencies and the public 10 go beyond the traditional approaches.

The State of Maryland passed landmark legislation to regulate a 1000 foot wide “critical area”
around the Chesapeake Bay. A commission of state and local representatives worked together to
develop criteria 10 manage land use within this zone. These are now in the process of being
implemented.

A Govemor-appointed task force on Delaware's inland bays recommended two years ago
steps which the state and counties should take in mitigating the environmental problems resulting
from accelerating development along the Delaware coast. Many of these are now being
implemented.

The Govemnor of the State of Washington just signed a measure to increase the state cigarente
tax, half of which will be used to fund clean-up projects in Puget Sound under the new state Water
Quality Management Plan.

New York State, in response to a grassroots and local government crusade, enacted a bond
law this summer which will be used for acquisition of thousands of coastal acres for preservation.

Just over a decade ago, Congress abandoned its efforts to enact national land use legislation.
We were not yet ready as a society to face the land use issue head-on, except in scattered areas and
through voluntary incentives in the Coastal Zone Management Act. We dedicated the intervening
decade - and productively too - to separate permitting, enforcement and planning efforts. A few
years ago, new federal laws were passed to help protect barrier islands, striped bass, and critical
wetlands for fish and wildlife.

The States have begun to pick up where the federal government lefi off. The initiatives cited
above indicate a growing willingness at the state and local levels to go beyond traditional tools to
deal with the population and environmental crisis of the coastline.

I sense we are building a new consensus that we must deal with land use and economic issues
as part of our environmental policy.

13
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It is imperative that we as coastal managers and planners take the initiative and lead in thinking
creatively, in overcoming traditional institutional barriers, in involving the coastal users and the
public in cleaning up and protecting our near coastal waters for our and future generations.

Is EPA challenged? Yes. As I know you are.

Are we discouraged? It is easy to look at the environmental, political, and economic issues we
face and be overwhelmed at times, But look at our capacity as a society to produce miracles if we
have the will and the direction.

It is impossible to be discouraged any time you're there - in reality or in the mind's eye-
among the beautics, the abundance, the primal power of our coastal landscape. This vision of
beauty and abundance compels, and impels us. Keep this as our vision and we will succeed.

1 encourage you to think hard over the next two days of this conference, to engage your
colleagues in discussion and debate on how we can meet the challenges of the coast, and when you
leave to carry new ideas and inspiration back with you.

Thank you.



ESTUARINE AND COASTAL MANAGEMENT - THE FUTURE
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MANAGEMENT PRINCIPLES FOR ESTUARIES

Washington, D.C. 20460

1 appreciate the opportunity to speak before you this morning. Ihave been asked to speak on
management principles for estuaries as “tools of the trade.” I ent EPA’s Office of Marine
and Estuarine Protection, a relatively new office created in October 1984. The Agency recognized,
in creating this office, that throughout the Office of Water there were scattered functions and
responsibilities related to marine and estuarine matters. This Office, headed by Tudor Davies, is
charged with developing and implementing national policy on ocean dumping, incineration at sea,
¢stuarine management, occan discharge and evaluation under Section 403 of the Clean Water Act
{CWA), and the Section 301(h) waiver program. I hold the responsibility in my division for the
National Estuary Program. My experiences with this program will provide the basis for my
presentation to you.

Natiopal Estuary Program

The National Estuary Program has two major components: (1) oversight and implementation
of existing “mature programs” such as the Chesapeake Bay and Great Lakes, and (2) initiation of
new programs that utilize the experience from the mature programs to protect, maintain and restore
the resources in those estuaries. These programs are underway in Puget Sound, Long Island

Sound, Buzzards Bay, Albemarle/Pamlico Sound, San Francisco Bay, and Narraganseit Bay.
Specific objectives of national program are to:

- Maintain, protect and restore water and sediment quality and living resources in the nation’s
estuaries or in a program cstuary;

- Increase public understanding of estuarine processes and facilitate public definition of
environmental quality objectives for estuaries;

- Define the environmental problems of the estuary;

- Explore the causes of these problems and alternatives to mitigate them;

- Develop comprehensive basin-wide plans to control pollutant loads from point and non-point
s:ﬂums. to manage living resources and their habitats and to manage water resources (freshwater
inflow);

- Facilitate public understanding of public and private costs of pollution abatement; and

- Transfer managerial, technical and scientific expertise to statc and Jocal govemnments to assist
them in developing and implementing the basin-wide plans.
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The Chesapeake Bay Program also estimated the sources of causes of the problem and their
relative importance (2). For example, the relative contribution of total nitrogen and phosphorus
loads in the Chesapeake Bay from point and non-point sources of nutrients in wet, dry and average
years are as follows:

Dry Year Avg. Year Wet Year

PT NPS PT NPS PT NPS
Phosphorus  69% 31% 61% 39% 6% 64%

12,084,000 1bs 13,758,000 1bs 23,810,000 1bs
Nitrogen 3% 62% 3% 67% 19% 81%

123,127,000 1bs 146,225,000 lbs 263,273,000 lbs

Sﬁ;al attention was also given to assessing relative loads to the Main Bay in an “average
year” the major tributaries (3). The results are as follows:
Tributary Phosphorus Nitrogen
% of total load % of total load

James 28% 14%
Susquehanna 21% 40%
Potomac 21% 24%
West Chesapeake 17% 11%
Eastern Shore 6% 6%
Others % 5%

This data indicates that the major sources of phosphorus were the James, Susquehanna and
Potomac rivers and the [West Chesapeake], while nitrogen loads were coming primarily from the
Susquchanna and Potomac rivers.

In addition, the Chesapeake Bay Pro%mm assessed the relative importance of point versus
non-point source pollutant lozdings by tributary. This analysis showed the need for altenative
pollution abatement and control strategies for diffcrent tributaries and basins. For example, the
nutrient input from the Susquechanna River basin is primarily from nonpoint sources, particularly
from agricultural lands, while the James River loads are primarily from point sources. A control
strategy to reduce phosphorus or nitrogen loadings for these two basins would be different and
tailored for each system.

Finally, based upon the defined problems and the identified source of pollutants, specific
recommendations were made in 1983 to address the environmental problem(s) of the Chesapeake
Bay (4). The recommendations emphasized that clean-up of Chesapeake Bay would require:

-Institution of land-usc controls at or near the Bay shoreline;

-Development of non-?oint source control programy(s) for af;ricultural and urban sources;
-Accelerated control of point sources, particularly municipal treatment plants; and
-Strengthening of wetlands protection laws and programs.

The Chesapeake Bay Program drew sound technical conclusions and recommended
management actions. The uniquencss of the program is that it evolved to, or then grew into an
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implementation phase. The study findings and recommendations spurred the states to action. For
example, the govemors of the States of Maryland, Virginia and Pennsylvania, as well as the mayor
of the District of Columbia, signed a Chesapeake Bay Agreement with the administrator of EPA.
The Bay Agreement commits the states to prepare and implement plans improving and
protecting the water quality and living resources of the Chesapeake Bay. Subsequently, the
legislatures of Maryland, Virginia and Pennsylvania appropriated new moncy to implement the
recommendations of the Bay program.

The state actions include:

- Maryland created forty new programs, hired 174 new employees, and appropriated $13.8
million in operating and $22 million in capital furds for point and nonpoint source controls,
resource management, and land-use planning,

- Virginia appropriated $15.0 miltion for the same purgoscs.

- Pennsylvania appropriated $2.0 million for a comprehensive agricultural nonpoint source
pellution control program in the Susquehanna River Basin,

The States of Virginia, Maryland, and Pennsylvania have institutionalized the FY85
appropriation and it has become part of their base programs. They will continue to support these
funding levels for several years. What are the state priorities for these monies?

The State initiatives fall into four categories:

-Point source controls,
-Non-point source controls,
-Land use management, and
-Resource or habitat protection.

Specific activities include:
Point Source
- increased sharing of municipal sewage treatment costs;
- grants to publicly owned treatment works to install dechlerination equipment;
- stricter enforcement of permit effluent limitations for point source discgmgus;
- improved training and certification of ¢ treatment plant operators; and
- accelerated approval and implementation of pretreatment programs.
Non-Point Source
- avthorization of additional funds for agricultural cost sharing of best management
practices (BMP); L
- demonstration grants to abate urban stormwater pollution in developed areas;

- increased enfercement of stormwater control laws; and
- enhanced cfforts to maintain forested lands as buffers in critical watersheds.

Land-Use Management

The State of Maryland created a Critical Areas Commission to protect shoreline areas and
inshore waters against further degradation.

R Habitat P .
- Re-establishment of submerged aquatic vegetation (SAV);



- Use of hatcheries to restore stocks of finfish, ducks and oysters;

- Use of fisheries bans and development of comprehensive management plans for major
fish species; and

- Accelerated reopening of closed shellfish areas.

In addition to State rescurces, the Federal Government has committed resources to assist in
Bay clean-up: a four year, 40 million dollar effort at 10 million dollars per year. About seven and
one quarter million each year is put into cost sharing grants to the states to implement
recommendations of Chesapeake Bay study. The participating states must match federal funds on
2 50/50 basis. We have encouraged the states to use these funds to initiatc and develop long-range
nonpoint source (NPS) control programs, particularly cost sharing programs with agricultural
communities for the implementation of BMP’s. The rationale for the NPS focus is the CBP
conclusion that NPS agricultural loads are a significant problem in the Chesapeake Bay and that no
program, except voluntary compliance, was currently in place to address the problem.
Additionally, we have tricd to use federal money to leverage development of NPS programs
because there are substantial funds and authorities currently available to control point sources of
poliution but little, if any, monies or authority for NPS control. Thus, since there were no
ongoing or in-place nonpoint scurce control efforts in the Chesapeake Bay and it was one of the
major problems identified as a significant contributor to the environmental problems, the EPA
federal resources are being used to fill this void. The remainder of the 10 million ($2.75 million)
annual funding is used to:

- Maintain the CB data management system;

- Maintain a Bay wide monitoring network to assess trends and environmental progress.
Currently there arc about 30 stations, in the main stem of the Chesapeake Bay.;

- Continue research and modeling studies; and

- Support the EPA Chesapeake Bay Liaison Office.

Cougress has also appropriated monies to enable other federal agencies to assist in Bay clean-
up. For example, NOAA will work to improve fisherics statistics and conduct assessments of
stocks of Bay fisheries. USGS will work with EPA to develop the impact of ground water
pollution on the Bay. The Fish and Wildlife Service will evaluate wetlands activities and assist
with monitoring trends of contaminants in fish. The Corps will assist in modeling the Bay while
DOD will, at several of its installations, review existing land management practices and take action
to reduce soil erosion and other non-point source pollution.

Great Lakes Program

The oldest program in the national estuary program is the Great Lakes Program. The program
is administered by a Program Office in EPA Region V.

The Great Lakes Program Office has the Iead role in coordinating and implementing U.S.
programs with Canada in fulfillment of the Great Lakes Water Quality Agreements of 1972 and
1978. The program began in 1970 and has experienced several phases of implementation. Early
findings revealed significant cutrophication problems causing dissolved oxygen depletion
and fish kills. In response, several management options were implemented:

-Major municipal treatment plants were required to reduce phosdyhoms in effluents; and
-Phosphorus detergent bans were implemented in many of the Great Lakes states

The early 1970 control pw%rams for municipal treatment plants and the phosphate bans
successfully clevated dissolved oxygen levels, and some fisheries were restored in Lake Erie and
elsewhere. But it was recognized that more load reductions were needed to protect water quality

21
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and uses of the Great Lakes. Thus, non-point source demonstration projects for phosphorus
reduction from agricultural and urban lands began in the late 1970's and carly 1980’s.

Under Section 108(a) of the CWA, the Great Lakes Program Office, in cooperation with the
Soil Conservation Service of USDA, currently funds demonstration grants in 31 counties in
Indiana, Michigan, Ohio, and New York to demonstrate voluntary best management practices to
reduce phospherus loadings from agricultural sources, particulariy to Lakes Erie and Ontario,

Another major activity is the development of Action Plans to address pollution problems in 18
significantly degraded harbor areas serving the major industrial complexes of the Lakes, The
action plans involve the identification of pollution problems, evaluation of altemative solutions and
development of recommendations to local govemments for problem abatement. These studies are
in addition to the connecting channels studies for the Niagara River, for the Detroit and St. Clair
Rivers, and for the St. Mary's River. The Niagara River study involved New York State, the
Province of Ontario, the Great Lakes Nationa! Program Office and the federal govemnments of both
countries. Initiated in 1981, the study's final report is a comprehensive and detailed review of the
project clements and conclusions. The report assessed toxic chemicals and their sources to Niagara
River, reviewed toxic chemical control programs, recommended improvement 1o these programs
and proposcd long term monitoring. The Detroit - St. Clair and St. Mary’s studies are just getting
under:;vay; they involve the State of Michigan, the Province of Ontario and federal participation
over 3 years.

The Great Lakes program is now concentrating on implementation of a monitoring plan as
required by Annex 11 of the 1978 Agreement. Surveys of the Lakes are being conducted in
cooperation with states and Canadian agencies to determine the annual variability of ambient
%hiosphoms concentrations and the level and trends in metals as well as conventional pollutants,

¢ results of the monitoring, including water, fish, and sediment data, will be used to assess
compliance with the Agrcement objectives, to evaluate the effectiveness of our contro! programs,
and to identify new, emerging problems. The monitoring program includes fish tissue analyses
from nearshore and open water locations; sediment surveys of suspected toxic hot spots in
tributary mouths; 41 atmospheric deposition stations; and transport and fate modeling to dctermine
maximum allowable loading of pollutants.

National Estuary Program

In FY8S, Congress appropriated 4.0 million dollars to EPA to assess, study and monitor four
specific estuaries: Long Island Sound, Puget Sound, Buzzards Bay and Narragansett Bay. The
national program responsibility is essentially to transfer the Chesapeake Bay and Great Lakes
expericnce and expertise to these estuaries, We feel that the success of the two programs is the
dove for a "master environmental plan” that details specific plans of action to control point and
non-point sources of pollution, enhance and/or maintain living resources, and manage freshwater
flow into the systems. Most importandy, these master plans have been carefully developed with

the support of local environmental managers, scientists and the public. We want this master plan
10 be the objective for cach of the new Bay studies as well.

Our e?ch'se and mandate within EPA is to reduce pollutant loads from point and nonpoint
sources sufficient 1o protect living resources and water quality uses. Pollution control and
abatcment is eritical to the health of an estuary, but we must also manage the resource itself. The
responsibility to manage the resource resides with local and state officials as well as national
resource managers such as the National Oceanic and Atmospheric Administration and the Fish and
Wildlife Service. Reduction of pollutant loads may make Chesapeake Bay a wonderful place for
fish to live, but we could ercourage the public to go out and over-fish the resource destroying the
stock. My point is that estuary management must be a three-pronged approach: living resource
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management, water resource management and pollutant load reductions. All three are important
and inter-related.

‘What are the national trends in estuary protection? Some of you in the room have been
developing and analyzing scientific information on estuaries for twenty years, if not longer. It
must be somewhat irritating to you to see EPA come with an estuarine initiative in 1985. I would
ask you to consider this EPA entrance an awakening, rather than an isritation; the nation is growing
more sensitive to estuarine environmental problems and is finally prepared to address them.
Perhaps you see us as slow and stupid, but at least we have finally heard your message.

The estuary program has been, to this point in time, dependent on direct congressional
appropriations. In FY86 the EPA budget requested 4 million dollars for the four (4) bay studies,
10.0 million for Chesapeake Bay and over $4.0 million for the Great Lakes Program. Within
EPA, it is belicved that the bay programs will continue in 1987, possibly at an increased funding
level. The point is that the national estuary program is part of the EPA budget request for the next
two or three years.

What are the goals of the EPA bay studies? [ think this might be a surprise to some of you but
we basically hope to protect, restore, or maintain living resources. The bay programs are not water
quality studies or just repeats of the 208 Water Quality Management Plans. We do care about
living resources, we do think the bottom line is to protect them. There are three ways to protect
living resources. One is the reduction of loads from pollutant sources, the second is resource
management plans, and the third is water resource plans to control freshwater in-flow and draw-
down, These are our three major mechanisms to protect, maintain or restore estuarine systems.

Envi L Quality Objecti

To protect resources and use these three management mechanisms we must set, with public
mmmmnmgpmnl, environmental quality objectives for cach estuary system that adequately
reflect what the public wants to see achieved. There are four different options to present to the
public for current uses of the estuaries:

1. Status quo,

2. Maintenance of current conditions,

3. Restoration to some past condition, and

4. Restoration to or maintenance of pristine quality.

The first option continues our present managerial and administrative programs within present
resources. We might intcgrate these efforts better and focus them on estuarine problems. For
instance, we could build or upgrade treatment plants that contribute the most significant loads to
estuaries and re-cxamine and enforce NPDES permits in estuaries impacted by point source
effluents. This option continues voluntary nonpoint source compliance efforts, and stays away
from any land-use management proposals. We would make do with existing resources, improve
integration, but few if any new environmental initiatives would occur. The problem with this
option is that it ignores increasing conflicts associated with population growth. Maintaining the
status quo will most likely lead to degradation of environmental quality in the cstuary due to
increased pollution loads from growing populations, industrial development, water use demands,
and habitat modification.

The second option is to maintain and protect resources the way they exist right now in the
estuary. Maintenance of present environmental quality will require action today to mitigate the
impacts of continued growth and development in the watershed. It will require better integration of
existing resources, but will also require new initiatives and changes in current practices. Some
examples might be the use of construction grants for advanced waste treatment, initiation of
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innovative non-point source control efforts particularly for agricultural lands, management of land
usc in the drainage basin, and water and living management changes.

‘The third option would actually maintain current environmental quality for parts of the estuary
and restore some targeted areas to a previous desired condition, This option will require even more
intensity in new initiatives. For a systcm as large as the Chesapeake Bay, the cbjective to retum to
the conditions of 1950 is very aggressive and it probably will be very expensive. Iam not saying
that it cannot be done, I am just laying out the facts.

It may be more realistic to retum parts of the Bay to 1950 conditions and maintain current
quality in other portions. The fourth option is a combination of maintenance of current resources,
restoration of parts of the system, and restoration and or maintenance of some parts of the system
to a pristine condition. For example, maybe we could identify and set aside pristine arcas
throughout the Chesapeake Bay system fo protect critical habitats for waterfowl and fish, and
protect other living resources as they move around the Chesapeake to ensure their continued
presence. There are many people talking about the concept, population resource management
extended to estuaries, if you will. Thus, for an estuary system, we should specify onc or a
cg{nbipation of the four objectives and define the actions that need to be taken to achieve the
objective.

Organizational Structures
Every estuary program, to be successful, needs a dynamic management structure, The
structure must include state, local and federal environmental managers, the scientific community,

and citizens. A management structure is not put together for the sake of creating a structure; it is
put together to create an audience for program findings and recommendations, and to take action.

The scientific community has been collecting information on marine and estuarine enviroament
for some 20-25 years. Our mistakes lic in not putting together the audience of environmental
managers and the public to use that science and to understand and support the need for action.
‘This audience needs the best scientific information available, but it must be presented to them in an
integrated and uncomplicated manner, particularly if they arc 10 become committed to do something
withit. That was the philosophy behind the Great Lakes and Chesapeake Bay programs--first, to
create an audience of environmental managers with gublic accountability and support; second, to
analyze and smmhesize the best scientific data available; and finally, to develop recommendations
for action with the managers, public, and scientists, The belief is that the scientific community,
both regional and national, is well equipped to analyze the available information, conduct research
where information is not available, and present findings to committed environmental audiences.

What are the specifics of these organizational structures? There are two levels, The first and
the highest level is an executive council of political a‘pgoimecs for environmental agencies such as
the EPA Regional Administrator and the Secretary of Natural Resources or Environmental
Protection for the state(s). The appointed individuals should have direct and immediate access to
the Governor(s) and/or EPA Administrator. Direct and immediate access is needed to ensure that
discussion can and will occur at the decision making levels ifmeE:gmmf'mdingsindicatcmat
administrative, legislative or budgetary changes are needed. The Executive Council also sets
priorities and policy for the program and obtains state and national support for policy, legislative
and budgetary change.

The second level of the organizational structure is the “implementation committee”, sometimes
called the management committee. Membership includes: (1) Senior level environmental managers
in the 5! such as the Water Management Division Director in an EPA region and the head of
the Office of Environmental Health programs or natural resource programs in the states, (2) senior
scientific experts in the state(s) and the Region, and (3) representatives of the public including user



groups of the estuary. As the operational manager of the estuary program this committee argues
over and decides on long-range strategy, annual workplans and budgets, and evaluates and
redirects the study effort as needed. The management committee reports to the Executive Council,
and sees that recommendations are followed through.

Reporting to the management committee are scientific advisory groups made up of scientific
experts from the cstuary region and citizen advisory groups. Generlly the chairperson of both
groups sits on the management commitice. The managers on the implementation committee need to
know that the science upon which their decision will be based has been developed by and reviewed
by the best scientists. The scientific advisory group has this mission. In addition, there needs to
be a public concem or will to take action; a public pressure to resolve a problem. The citizen
advisory committee is useful towards this end. Without these four principals, citizens, scientists,
environmental managers and political appointees, the master environmental plan will not succeed.
You need all four actors in the organizational structures. You must pull these groups together and
get them talking to cach other, using each others' resources and talents. Good scicnoe alone does
not seem to marshall action; many of you have experienced that fact. The scicnce needs to have
public accountability, understanding and support behind it.

Problem Defini

Once organizational structurc is in place, the second step is to define what problem you should
study. The following questions should drive problem definition:

Does the problem have a system-wide impact?

Does the problem impact potential uses of the estuary?

Are there major or local impacts that are so significant they dominate the estuary?
Can the cause of the problem be identified?

- Is it likely that you can deal with the problem?

As an envirenmental manager it is n.of enough to just know that there is a problem; the
environmental manager has to have alternatives to alleviate the problem within reasonable costs.
For example, am I going to have to spend five billion dollars on combined scwer overflows in
New York to correct a eutrophication problem in Long Island Sound? And if I am, how likely is it
that I will be able to get that kind of funding? A balancing of the five (5) questions will help define
the problems and suggest priority candidates to study.

E a -

Once an organizational structure is established and priority problems agreed upon, the
program should characterize the current conditions and historical trends for the l{riority problems.
Characterization builds on the scientific work done in the estuary for the past 10-25 years, maybe
longer. Characterization uses existing and historical data to assess status and trends in water and
sediment quality and living resources. The major steps of basin-wide characterization are:

- Information gathering and screening,

- Synthesis and analysis,

- Conclusions on status and trends,

- Linkages between pollutant sources and resource impacts, and
- Management recommendations for action.

A partial listing of characterization would include physical parameters such as:
land use types and trends, freshwater distribution, in-flow, and draw-down, shoreline
development and erosion rates and frequency and severity of storm events; jcal parameters
such as: chemical nutrient enrichment and dissolved oxygen parameters including total phosphate,
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phosphate, total nitrogen, inorganic nitrogen, nitrate, ammonium, organic nitrogen, and toxic
metals, pesticides, and organics; and biological parameters such as: animal species data such as
landings, catch per unit, nursery areas juvenile index, spawning areas, as well as plant species
lists, and finally pollutant loadings for point and non-point sources.

In the Chesapeake and Great Lakes programs, we found that if we presented only an
assessment of current status, five minutes later 80% of the audience asked: Is your finding justa
one time freak occurrence? Have those resources been declining for 10-15 or 20 years? We would
have been thrown out of the room if we just talked about current status without a trend assessment.
To determine if the current state is a problem, you must ask if the resource has been degrading over
time and to what extent.

Simultancous with characterization of trends in the water and sediment quality and living
resources, we are also trying to characterize the inputs of pollutant toxics, nutrients and sediments
into the system. It is impartant to identify and locate the major point and non-peint sources,
determine if either or both source types are a problem, and estimate loading of toxics and nutrients
to the estuary. Several techniques can be used to develop mass loadings estimates.

To assess loads to Chesapeake Bay, we implemented a non-point source loading model for the
entire 64,000 square mile drainage basin. The model estimated the relative magnitude of point
versus nonpoint source loads for different geographic regions of the Bay and concluded that NPS
is a significant contributor in the upper Chesapeake Bay, particularly from the Susquehanna River.
The model, and generated loading estimates, was not designed to prove
that this creek or five farms along the creck were culprits. That level of detail is now being
developed and confirmed by the states and the Soil Conservation Service. Instead, the Chesapeake
model and analysis was designed to convince the public that all sources, including NPS, werc
sigg‘iﬁ%am and to identify basins within the Susquehanna making the larger pollution contributions
to the Bay.

Through characterization there will emerge voids in the data needed for management decisions
or actions. The need for scientific information must be prioritized and research funded
accordingly. The best scientific data becomes available through characterization where an
assessment of existing scicntific data is integrated with scientific findings from pew work designed
to fill information voids. When this targeted science is completed, management decisions can
occur. Similarly, an estuary program must also decide on a sound, long-term monitoring program
to assess changes in trends—to pick up new and emerging environmental problems as they occur,
and to measure the success or failure of clean-up programs. For example, the Chesapeake Bay
monitoring program is designed to assess changes in water quality and living resources over time,
to give us better causative relationships between sources and impacts, and provide predictive
capabilitics. Over time as the states and EPA attempt various control options the monitoring
program will track key parameters.

Master Environmental Plans

The blueprint or framework for achieving environmental goals in an estuary is a “master
environmental plan”, The master plan focuses on different control strategies and resource
management plans that EPA and the states are agrecing on for action. The master plan should
contain:

-A brief description of program organization and participants,

-Program findings on status and trends, .

-A statement from program participants of desired eavironmental quality goals and objectives for
the estuary,

-An analysis of existing statutory and regulatory authorities and their effectiveness,
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focus and apply altemative approaches to environmental problems not yet addressed such as
wetlands loss in the Southwest.

In short, I have explained our national estuary program goals and approach as well as current
status. I'have also indicated what our research needs are now and in the near future, 1 appreciate
the opportunity to speak with you and look forward to supporting an cstuarine rescarch initiative
and using the products to make more informed management decisions.
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ESTUARINE COASTAL MANAGEMENT -
THE FUTURE OUTLOOK

John F. Studt
Office of Assistant Secretary of the Army
Washington, D.C. 20310

It is a pleasure for me to be here among this pancl of Federal representatives to present the
Army Corps of Engineers views on the future role of the Federal government in estuarine and
coastal management. Conferences such as this are an excellent method of bringing together the
various interests from Federal, state, local, and private organizations to work toward better
managing our estuaries and the coastal zone.

The Corps of Engincers has had a lmtichm of involvement in the coastal zone through
various construction efforts. In addition, the Corps of Engincers regulatory program is the
principal Federal review mechanism for construction in the coastal zone and estuaries. This
regulatory program has become a more intensive review process since c of the National
Environmental Policy Act (1969) and the amendments of the Federal Water Pollution Control Act
in 1972 and 1977 (Clean Water Act).

Through the civil works program, the Corps is the Federal agency involved in construction
and maintenance of coastal ports. The Corps has also been involved in construction dredging from
access channels to ports as well as recreational boat access channels. Once such , harbors,
m entrance channels arc constructed the Corps typically maintains access throu, maintenance

ging.

The Corps has also been involved in shore protection such as construction of jetties, groins,
breakwaters and other shoreline ersowction, as well as beach nourishment projects. Beach
nourishment is typically accomplished by one of two methods. Sand from construction or
maintenance of an entrance channel may be placed on a beach if the sand is clean and of a
compatible type with the beach use. The second method involves selecting an offshore barrow
area from which sand is excavated and placed on the beach.

During the carly period of the Corps civil works program, construction and maintenance of
access channels and harbors involved excavating in the most economic manner, often sidecasting
dredged material into open water adjacent to the channel. During the last 20 years, however, the
Corps has taken a careful look at czch one of their construction and maintenance projects to ensure
that, in addition to providing the necessary improvements to navigation or shore protection in an
cconomically reasonable fashion, appropriate environmental standards are also met. These
envircnmental standands include compliance with the National Environmental Policy Act, the Clean
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Water Act, the Coastal Zone Management Act, and a host of other Federal laws. State and local
laws are also often involved.

Authorization for new construction through the Corps civil works program had been ata
standstill since the early 19705, The Federal govemnment was no longer in a position 1o pay the
lion's share of costs for all projects. As a result, Assistant Secretary of the Army Robert K.
Dawson and his ssor, William Gianelli, worked hard with the Congress to develop a
formula by which the local interests in a project would share in construction and maintenance
costs. The 99th Congress passed HR 6 an October 17, 1986, and the President signed it into law
as PL 99-662 on November 17, 1986.

This cost sharing is a breakthrough which has been applauded by the National Wildlife
Federation and other environmental groups as well as local port authorities and other development
interests. The cost sharing formulas will ensure that only necessary projects will proceed because
there must be a commitment by a local interest before the Federat government will get involved.
Sharing of costs varies from 25 to as much as 60 t of project first costs depending on the
type of project involved. In addition, non- interests will be responsible for operation and
maintenance of all projects that are not for commercial navigation. In the case of
harbors, that is those greater than 45 feet deep, local sponsors will have to pay for one half of the
cost of maintaining the harbor or channcls deeper than 45 feet.

In November of 1985, Sccretary Dawson entered into an agreement with the Administrator of
NOAA, Anthony Calio, in which the Corps will cooperate with the National Marine Fisheries
Service in determining the feasibility of creating fishery habitat within the resources and pl:}y;sical
constraints of existing coastal civil works &mjects. Projects have been selected on the southeast
coast, Gulf of Mexico, and west coast to determine such feasibility. The Corps will bring its
expertise in developing coastal navigation and shore protection projects to the process and the
NMFS will bring their experience and expertise in fishery habitat enhancement.

Both the Corps and NOAA are excited about this Memorandum of Agreement and hope that it
will build on the existing Corps cfforts to mitigate the impacts of coastal projects by developing
wetland and other fishery habitat.

The regulatory program of the Corps has a substantial impact on management of the coastal
zone and estuarics. In the coastal zone, the Corps evaluates proposed projects under three
legislative authoritics.

Section 10 of the Rivers and Harbors Act (RHA) of 1899 prohibits all types of construction,
wark, or activities affecting navigable waters unless they are permitted by the Corps. Activities
such as dredging, filling, construction of lE!i’ets and wharves, and other construction in navigable
waters are regulated by the Corps under this authority. The Corps has been regulating such
activities under the Rivers and Act since 1899; however, prior to 1968 the evaluation only
involved consideration of the impacts that the projects had on navigation. After 1967, the Corps
developed a full public interest review which was tested in a 1968 fawsuit in Florida on a permit
application. This extended public interest review added consideration of environmental impacts,
gig:conomic impacts, and the general needs and concems to the public to permit evaluation by

rps.

In 1972 the Federal Water Pollution Control Act (FWPCA) was amended and Section 404
was added. The FWPCA was further amended in 1977 and renamed the Clean Water Act. Under
the Clean Water Act, the Corps regulates the placement of dredged or fill material into waters of the
United States. In the coastal zone, Corps jurisdiction now extends not only to the traditional
navigable waters subject to Section 10 of the RHA of 1899 (i.c., those that a boat can operate in
and where the mean high tide reaches), but also to wetlands adjacent 1o such navigable waters, all
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tributary streams and their adjacent wetlards, and isolated waters that s:&on interstate commerce.
Section 404 permit applications are evaluated for compliance with the 404(b) (1) Guidelines,
promulgated by EPA in conjunction with Army, in addition to the evaluation under NEPA and the
Corps public interest review. The 404(b) (1) Guidelines require an indepth review and analysis of
alternatives, impacts cn water quality, significant impacts on the environment, and measures to
reduce impacts of the proposed activity (mitigation).

The third law under which the Corps evaluates permit applications is Section 103 of the
Marine Protection, Rescarch and Sanctuaries Act of 1972, also known as the Ocean Dumping Act.
‘Through this act the Corps regulates transportation of dredged material through the temitorial sea
for disposal in the ocean.

Under all three authorities, the Corps experience and expertise allows them to effectively
balance the needs for resource protection and resource development.

Of course, each permit application is also subject to interaction of various other laws and
authorities including the National Environmental Policy Act, compliance with the Coastal Zone
Management Act, certification under Section 401 of the Clean Water Act by the appropriate state
that water quality standards will be met, compliance with the Endangered Species Act, interagency
coordination under the Fish and Wildlife Coordination Act and several others. By the late 1970,
this myriad of laws and resulting regulations under which each permit application was evalvated
resulted in unzcceptable delays to the applicant. Duplication of effort by various Federal agencies
had also developed in the program.

As a result, the Corps regulatory program was identified in 1981 by the Presidential Task
Force on Regulatory Relief as a program needing reform. The Presidential Task Force issued their
directives on the Corps regulatory program in May of 1982. The main objective of the regulatory
reform effort has been to establish a program that provides applicants with a fair, balanced, and
prompt response, while maintaining all statutory environmental safeguards.

The Corps is proud of its effort in regulatory reform through which we have reduced the time
in which an average application is evaluated from approximaiely 140 days to 70 days. This has
been done by climinating duplication in the program and internal management improvements within
the Corps. We believe that this effort has been accomplished while maintaining high quality
decisions and the environmental safeguards that are inherent in the program.

The Corps has stressed the use and development of regional general permits as a management
tool. Such regional permits allow projects with minimal impact to proceed with little or no
paperwork or delay while freeing up resources within the Corps to more carefully focus on the
more difficult and environmentally sensitive permit applications.

The Corps will remain active through the regulatory program in coastal and estuarine areas.
However, the Corps is continuously working to encourage state and local involvement in issues
that are largely local in nature. As an example, the Corps considers developing Special Arca
Management Plans (SAMP) in arcas with sensitive aquatic environments that may be subject to
intense development pressure. SAMPS are developed cooperatively by the Corps, other Federal
agencices, as well as state and local interests. Such plans carefully evaluate a particular geographic
area and establish development and resource protection guidelines for the arca. Developing a
SAMP is very resource intensive, therefore, the Corps believes that regulatory products must be
included in a completed SAMP. Such regulatory products would include general permits where
appropriate and strong state, local, or Federal (i.c., EPA 404 [c] restriction on discharge)
restrictions on development in especially sensitive portions of preservation areas. In addition to
regulatory products, the other key ingredient of any SAMP will be the active management of the
final product by local agencies who are well aware of the issues involved.
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The Corps is also interested in advanced identification of disposal areas pursuant to Section
230.80 of the 404(b) (1) Guidelines. The advanced identification process is a joint Corps/EPA
process which would result in identifying areas as either “possible future disposal sites” or
‘generally unsuitable for disposal site specification.” As with SAMPs, the believes that
there must be development pressure on an environmentally sensitive area (typically wetlands)
befare an advanced identification process is The Corps also believes that regulatory
products must result from the advanced identification process.

The Army Corps of Engineers inteads to continue actively working with the EPA and other
Federal agencies to reform the Corps regulatory program further by continuing to enhance
management while maintaining the overall goal of the Clean Water Act "to restore and maintain the
chemical, physical, and biological integrity of the Nation's waters.” In short, the Corps is always
looking far better ways to manage the progmﬂl:.nrmvxdc the regulated public with 2 maore timely
response, and more completely involve state and local agencies.
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ESTUARINE AND COASTAL MANAGEMENT

Jack E. Ravan
U.S. Environnmental Protection Agency
345 Courtland Street
Atlanta, GA 30365

Good evening. 1'd like to thank you for inviting me here to be a part of your program. As
always, it's a pleasure to be able to participate in a leamning exercise - o educate and be educated. |
feel assured we will all come away from this fuller and richer for having been here.

This is an appropriate limcol‘theywtotcﬂeauponourpmﬂ:ss made in managing our
wetlands and to discuss the related issues of dredging and ocean disposal.

I wanted to discuss particularly the wetlands issue tonight because it is a high priority of mine
and a top priority of the agency. My record speaks for itself when as Assistant Administrator in
the Office of Water, I established the Office of Marine and Estuarine Protection to provide a
mechanism to ensure that our valuable and important coastal, estuarine and ocean waters received
increased attention from Senior Agency Management and appropriate consideration in our planning
and budget process. One of my first acts upon returning to EPA's office in Atlanta was to
establish a similar branch within the Water Division at the Regional level. Region IV is especially
sensitive to this issue since the southeast contains an estimated 33% of the coastline in the
mmm United States, as well as an estimated 36 million acres of saltwater and freshwaler
wel .

In addition to these facts, trends over the last several years clearly demonstrate the nation is
losing productive wetlands at an alarming rats.

Approximately 215 million acres of wetlands existed in the lower 48 states at the time of the
nation's settlement. In the mid-1970's, only 99 million acres remained, leaving just 46% of cur
original wetland acreage.

Between the mid-1950's and mid-1970's, approximatcly 11 million acres of wetlands were
lost and approximately 2 million acres of wetlands were created. The net loss of 9 million acres
during the period of rapid development equates 10 an area about twice the size of New Jersey.

Annual wetland losses averaged 458,000 acres during this period. Agricultural development
was responsible for 87% of these recent naticnal wetland losses. Urban development and other
development caused approximately 8% and 5% of the losses respectively. The most extensive
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Another casc exemplifying the positive effects of the Corps of Engineers and EPA
coordination occurred in Broward County, Florida, A developer was agreeing to sell 1300 acres
of wetlands to Broward County for a park provided that their application to fill 228 acres of
wetlands was approved. EPA detcrmined that a portion of the 228 acres of wetlands were of high
quality and recommended the application be denied. The Corps agreed and resisted quite a bit of
political, public and media pressure to approve the permit. Last year, the developer deleted the 48
acres in question. EPA and the Corps reasoned that the protection and enhancement of the
remainint wetlands for the park was in the public interest and approved the permit.

I'd like to also point out that our Region IV program personnel participate in regular
interagency meetings with five Corps districts at which joint processing of permit applications is
accomplished and advanced notice given of pending projects.

But I feel we need to take this cooperative effort even further and look toward the future. By
identifying best management practices for water resource projects, we can provide farmers
drainage and protect the environment at the same time. We can do it and we must.

T'd like to turn now to the issue of ocean disposal, and EPA's concems about the matter. 1
believe we can take what we are learning about land disposal and apply this to the oceans. We
cannot transfer to some future generation the same kinds of problems that we have faced in many
of our streams and lakes.

I think we should, to the fullest extent possible, control our activities and dispose of our
various wastes where they are creatcd. We recognize, however, that there may be some instances
for which the ocean option is not only appropriate but also may be the best. The ocean
environment may provide a certain amount of assimilation and neutralization of some wastes. This
includes cenain dredged materials and acid wastes which are neutratized or buffered in ocean
waters without harming sea life.

When you get right down to the basics, we have only three options for waste disposal: air,
land, and water. I believe that disposal first ought to be handled on-site. If man’s land activitics
create a certain waste load, then those activities ought to be planned for, engincered for,
constructed for and handled there 10 the extent possible. Second, that may leave residucs, and
some of those residues may, in fact, best be handled through ocean disposal methods. The oceans
do have an assimilative capacity for certain wastes. Even after employing cur best treatment
techrology on land, here in America we plan for and use the assimilative capacities of our rivers.
So I think it is appropriate and consistent to think of the assimilative capacity of the oceans as one
resource. The difference is that we should sct that assimilative capacity at a very high quality level
and limit disposal there.

We have sent a very clear message that we will regulate certain dumping activities. We have
taken action on dump sites off New York, New Jersey, and the northeast coast. We are working
closely with the Corps of Engineers to provide designated sites for specific use. Elsewhere, an
example of our progress is the disposal program prepared for Tampa Bay in Florida. Even though
the sclection of a proper disposal site there was full of anguish and delay, it was a good
demonstration of cooperation between local, state and federal government. With proj
cocrdination, we can, in fact, put together a good disposal program that is well-monitored.

EPA intends to apply what it calls the "rule of reason” in its consideration of all future
applications for ocean dumping permits, of whatever varicty. This means that all parties wishing
in the future tlo dump waste in the ocean will be required to demonstrate to EPA a clearcut need for
such disposal.

35
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For FY1987, the Office of Marine and Estuarine Protection will conduct several major
activities. In accordance with our statutory mandate, we will continue xevicwinF and issuing
permits for ocean disposal and EPA will also continue to review dredge ial disposal permits
issued by the Corps of Engineers.

In the area of site designation and monitoring, the program will conduct surveys of interim
and existing ocean disposal sites for site designation purposes and will determine the
environmental impacts of disposal. We will accelerate the preparation of environmental
assessments to support site designations. The deepwater municipal sledge dump site (more
comntonly known as the 106-mile site) will be monitored in accordance with a comprehensive
monitoring plan to determine the enviroamental i ts of dumping at the site. In cooperation
with EPA's Office of Research and Development, the National Oceanic Atmospheric
Administration and the Corps of Engineers, we will also continue efforts to examine scientific
parameters for the site sclection and designation process and the assessment of permittee wastes.

The program will continue to implement ocean dumping regulations in accordance with the
1981 City of New York v. EPA court decision, which ruled that the agency must consider the
comparative human health and environmental effects of land versus ocean disposal in considering
an ocean disposal permit application. At the same time, work will continue on the development of
a comprehensive revision to the regulations to provide for balancing the environmental effects of
ocean disposal methods, while meeting specific environmental requirements established by the
statute.

We will also continue major efforts relating to incineration of hazardous wastes at sca. We are
currently evaluating public comments on a proposed rule which would provide specific criteria for
the agency to use in reviewing and evaluating ocean incineration permit applications and in
designating and managing ocean incineration sites. In addition, we are undertaking a rescarch
program which will provide EPA with further information on incineration emissions and any
effects on the marine environment.

‘When we consider the issue of ocean disposal, we need to take into consideration that our
planet is a closed system.

There is no such place as "away" where we can throw things, and we have to start basing our
environmental policies on that concept. New and serious attention must be given to the transfer of
pollutants across all media.

Let me give you an example and I'll use treatment plants. In a number of industrial
areas, settling ponds and have been identified as a significant source of toxic air pollutants.
The toxics come from n industrial plants that discharge into the sewer system.

One way to control this problem is through requiring pretreatment at the industrial plant to
remove the toxic material. But then again, you have created a hazardous solid waste which will
have to be disposed of in some way.

But environmental Jaws are directed at specific media. As Regional Administrator, I must
each individual medium as the law directs. While I may consider other media in doing so,

no statute tells me to look at the environment as a whole and control pollution 50 as to allow
minimum negative cffect on public kealth and other environmental values. EPA Administrator Lee
Thomas is committed to using the cross-media approach as an improved environmental strategy.
We need to look at the whole system we are protecting and settle on how much total risk we are
willing to live with, how much total pollution we can absorb. Then we have to get to work on the
policies and incentives that will eventually reduce that load over the long haul,
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It was a mere 15 years ago when children came running home from school on Earth Day to
scold the older generation of unmindful wasters and polluters. The children brought glad tidings,
assuring all citizens of good will that the situation was comectable, that if we delivered our
newspapers to recycling centers and stopped spilling sewage in the waters, we could save the earth
and perhaps next year, go swimming in the river.

Today, all of us--who scarcely shuddered as marshes were filled for construction--have lost
our naivete. We recognize that the drive to restore clean waters, to retain the ecological diversity of
this universe, to fashion a national environmental ethic will require individual sacrifice and long-
range commitment.

With greater affluence and increased population, the pressures for development of wetlands--
for agricultural production, for highways, for residential and commercial building sites, for ports,
for marinas, for parking lots, for industries and power plants which require large quantities of
cooling water--seem destined to increase.

Someone once said it is thrifty to prepare today for the wants of tomorrow. I think this
applies to our wetlands issue and it is our job to prepare today. Not an easy task, but a challenging
one.

I thank you again for allowing me the opportunity 1o be here with you.
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THE FISH AND WILDLIFE SERVICE'S ROLE IN
ESTUARINE AND COASTAL MANAGEMENT

Edward LaRoe
U.S. Fish and Wildlife Service
H Street, NW
Washington, D.C. 20240

I would like to address the Federal Government's role in the management of coastal and estuarine
resources from the U.S. Fish and Wildlife Service's (FWS) point of view. I wish to:

« Review the legal basis for FWS activity in the coastal zone, that is, why the FWS is in coastal
zonc;

+ Give you an overview of what we do in the coastal zone; and

« Provide a few comments on where I see the FWS going.

The first issue--why the FWS is in the coastal zone--is rather basic. Our national coastal zone
program is matured; yet I feel compelled to start with why we have Federal presence in the coastal
zone. We are in a time where there is great examination of the legitimate role of the Federal
government in our society--by the President, the Congress, and the public. Since we are often
asked to justify our activity to these interests, [ thought it might be useful to do the same for you. 1
am not going to cite the bureaucratic reasons for our justifications, things like the Fish and Wildlife
gtd_inngion Act, but I would like to reiterate two more fundamental reasons, common law and the

shtution.

The first relates to the public trust doctrine, which is well established in common law, and
which holds that living resources--fish and wildlife--are held in trust for this and future generations
by the government. Ducks and deer; scals and sea otters; striped bass, salmon and sturgeon are
resources for all the public to enjoy and benefit from. Unlike a piece of land, fish and wildlife in
the wild do not come under private ownership; they cannot be bought or sold; they do not convey,
like trees or oil, with the sale of a parcel of land. They belong to the public and there is a long
body of common law which holds that the government must protect, preserve and manage them for
the good of all the public, now and in the future. This common law is a particularly strong
justification for governmental intervention and the well being of these resources.

The Federal government's role in living resource management activitics, as contrasted to the
state governments’ role, is the result of many constitutional provisions, particular those dealing
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Estuarine and Coastal Management - Tools of the
Trade. P dings of the Tenth National Confe
of The Coastal Society. October 12-15, 1986. New
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1987.

NOAA'S ROLE: ASSESSMENT, RESEARCH, AND MANAGEMENT

\al;?inia Tippie

National Oceanic and Atmospheric Administration
1825 Connecticut Avenue
Washington, D.C, 20009

Opening Remarks

Although we have titled this session “Estuarine and Coastal Management - Future Outlook:
The Rolc of the Federal and State Governments”, we must take care to avoid giving the impression
that a panel session can easily capture the many roles and the of the govemment in
estuaries. While the Commerce Clause of the Constitution established the roots of Federal and
State authority in estuaries, the overiying 200 years of legislative growth has spread government
influence into nearly all facets of estuarine activities. This provides the challenge that is the focus
of this conference - to understand the changing role of govemment agencies and to better
coordinate the objectives and methods we all use to manage estuarine and coastal resources.

Estuarics play a vital role in the health of the Nation’s living marine resources and are critical
1o the recreational and transportation infrastructure of our cconomy. In addition, estuarics
represent a unique natural resource which has an acsthetic value to our citizens that cannot be
measured in purely economic terms. Because a majority of our population lives around or near
these delicate national assets, our estuaries have been stressed to a point of measurable damage.
There is a need for a coordinated national effort dirccted toward improving the health of our
estuaries,

The panel for this session is a small but significant portion of the exccutive branch cast of
players. It is important to kecp in mind that the activities and programs we exccute are defined by
the legislative branch and shaped by judicial decisions. Ina sense, the Courts and Congress, then,
are the playwriters and directors to the actors you see before you.

NOAA's Role

From the Federal perspective, NOAA is primarily a science agency in contrast to EPA or the
COE which are the principal regulatory agencies. However, NOAA docs have some regulatory
authority limited for the most part to fisheries within the Exclusive Economic Zone. As the
Nation’s lead civilian marine science agency, NOAA provides the primary Federal focus for
estuarine studies in support of sound management practices. Our aim is to understand ccosystem
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processes and package that information in a timely and easily understood manner for management
atall levels of government.

To accomplish its mandates, NOAA is com of five major components: the National
Environmental Satellite, Data and Information ice (NESDIS) operates NOAA's data services,
satellites, and data assessments; the National Marine Fisheries Service (NMFS) conducts fisheries
research, management, and conservation; the National Ocean Service (NOS) is in charge of
navigational charting, tides and currents, environmental assessment, and coastal management; the
National Weather Service (NWS) makes weather forecasts; and the Office of Oceanic and
Ammnospheric Research (OAR) performs a diverse array of estuarine research through Sea Grant
and Environmental Research Labs.

Through these components, NOAA has the unique capability to work with both the scientific
community and decision-makers to ensure the critical two-way flow of information necessary for
the sound management and protection of our estuarine and coastal resources.

NOAA's work in estuarine and coastal resources can be described in terms of its
responsibilities in 1) assessment, 2) rescarch, and 3) management.

Assessment

Estuarine/coastal assessments, “characterizations” provide a descriptive understanding of the
physical environment, water and sediment quality, and associated animals and plants of an
estuarine system. Under this category, we include NOAA's data/archival services, data analysis,
and data synthesis programs. One of the most familiar NOAA products in this area is nautical
charts. These charts are an important first tool in any charactenzation or comprehensive study of
an estuary. .

NOAA is responsible for collecting and archiving environmental data on a routine basis. In
fact, NOAA is the nation's repository for data on the marine environment. The agency collects and
maintains extensive archives of oceanogra.{hic, geophysical, climate, fisheries, pollution, and
satellite data. People are most familiar with our extensive climatic data and our weather satellite
photographs. However, NOAA also uses satellites and aircraft to routinely measure temperature,
turbidity, and chlerophyll concentrations in near and offshore waters. Through NMFS, NOAA
collects data on commercial and recreational landings of fish in the United States, data which has
been crucial in monitoring the trends and declines of several commercially valuable estuarine fish
and shellfish. Trends in the health of fish and shellfish are revealed by our National Status and
Trends Program which measures the levels of toxics in selected organisms at over 50 coastal and
cstuarine sites. All of these tools provide important measurements of the health of an estuary.

Assessment also involves taking data, standardizing it, and placing it in a format appropriate
for users. The Naticnal Estarine Inventory (NEI) is an important effort by NOAA to develop a
consistent national estuarine assessment of 92 estuaries in the United States. This national
assessment capability will enable classification of estuaries based on their susceptibility to the
effects of pollutants as determined by pollutant loadings and dispersion characteristics and the
relative health of estuarics.

Research

NOAA's estuarine/coastal research expertise is extensive. Through NOAA's 26 coastal and
marine research facilities located around the country, NOAA scmnsl:d;‘)jt‘nwdc the capability to
address estuarine research nationally or in a site specific context. In addition, the National Sea
Grant College Program, a network of scientists at universities throughout the country, provides
extensive expertisc on problems in individual estuaries. Our research cfforts are supported by the
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For living resource management, NOAA provides grants to states, universities, and other
organizations, to characterize and manage fishery stocks in coastal waters. NOAA is a member of
the Interstate Fisheries Commissions, which coordinate the management of state fishery resources.
Finally, through the Endangered Species Act and the Marine Mammal Protection Act, NOAA is
responsible for conserving and protecting cndangered or threatened species of marine mammals.
NOAA develops and implements policies and regulations for the management of these animals.

NOAA's Estuarine PL

As a final word on NOAA's estuarine and coastal activities, the Estuarine Programs Office is
currently drafting NOAA's National Estuarine Plan in response to the recent Congressional
mandate that created our office. We are conducting estuarine/coastal research and management
warkshops and oonfemng with NOAA offices to identify priority issues. The plan will integrate
NOAA program activities, find similaritics in purpose and unify efforts where possible. The plan
will also suggest ways that NOAA can wark more effectively with other agencies, as is now being
done with the Environmental Protection Agency.

NOAA is committed to determining new directions for a coordinated agency-wide effort in
estuarics, and will establish goals prionitics, and tasks to be included as a new cross-agency
initiative. This new program thrust will enhance our understanding of ecosystem functioning and
improve our predictive capability. Our goal is to provide an effective and timely response to the
nation's estuarine needs.
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A PLAN FOR THE FUTURE OF PUGET SOUND

Kirvil Skinnarland
Puget Sound Waier Quality Authority
217 Pine Street
Scattle, WA 98101

Puget Sound is a fjordlike estuary, nestled between the Cascade and Olympic mountain ranges
and connected to the Pacific Ocean by the Strait of Juan de Fuca. The Sound and straits
encompass 2,500 square miles of water and are bounded by over 2,000 miles of shoreline. The
region is dotted by more than 200 islands. The Puget Sound basin (the Sound, adjacent waters,
and surrounding watershed) covers some 16,000 square miles. There are over 2,800 lakes, 24
major dam-created reservoirs, and 10,000 rivers and streams in the basin.

The story of Puget Sound is similar to that of other bays and estuaries around the United
States. Itis a unique natural resource that g‘t;vidcs an economic and recreational focal point for the
residents that inhabit its shores and watershed. The Scund contains significant intemational
shipping ports and is noted for its fish and shelifish resources, its beauty, and its ecological,
scientific, and recreational values. Increases in the number of people and their related activities
have led to changes in its environment and increasing competition for use of its natural resources.
This in turn has led to responses by government to enact laws and develop programs which have
the goal of managing and protecting the resources.

Thus far, this could be the chronology for many estuaries in the nation. But in Puget Sound,
the response on the part of government has been, perhaps, more timely than in other regions of this
country. Although the symptoms were alarming, the patient was not on his death bed at the time of
decisive governmental interveation. Whether the outcome will be different is the part of the story
that remains to be written.

Many agencies in Washington are active in addressing the various water quality issues, These
governmental entities include federal and state agencies; county and city governments; tribal
nations; port, water, diking, sewer, drainage, soil and water, and parks and recreation districts.
The fragmentation of responsibility ameng dozens of agencies limits the effectiveness of efforts to
manage and protect Puget Sound. In 1984, Region 10 of EPA and the state Department of
Ecology took the lead in an attempt to bring order to the situation by forming the Puget Sound
Action Program (subsequently renamed the Puget Sound Estuary Program). Along with the other
state and federal agencies that joined this endeavor, EPA and Ecology made progress in defining
the mlcnlahs in Puget Sound and increasing coordination among the various programs attempting
to address them.
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Despite this progress, many legislators and environmental groups felt that a more formal and
structured governmental response was necessary to address increasingly alarming reports
regarding the health of Puget Sound. In May of 1985 the Washington State Legislature created the
Puget Sound Water Quality Authority and gave it the mission of developing a comprehensive plan
for the cleanup and management of Puget Sound, a plant that is to be implemented by existing state
and local agencies. The Authority is governed by a nine-member board consisting of seven voting
members appointed by the governor (including one full-time chair) and two non-voting members--
the heads of the state Departments of Ecology and Natural Resources. The first plan is due back at
the legislature in January 1987 (although most of the plan does not require additional legislative
action for implementation),

As the new kid on the block, the Puget Sound Water Quality Authority faced the tasks of
establishing itself as a focal point for Puget Sound activities and developing a planning program
that could build the consensus needed for a successful plan. While the planning staff focused on
cgrpiling and analyzing available information on Puget Sound’s problems, the public outreach
staft worked on newsletters, mailing lists, brochures, slide shows, media relations, and getting out
to the 12 counties surrounding the Sound to talk to people.

The conclusions from the technical analyses were that the primary problems in Puget Sound
result from contamination by organic and inorganic chemicals, sediments, and pathogens. The
sources of these contaminants are wide and varied. Major sources includs industrial and municipal
discharges; runoff from highways, urban, and agricultural areas; dredging and ss&)ils disposal;
failing septic systems; forestry practices; spills; combined sewer overflows (C. ; and
recreational boating. The primary effects include fin erosion and liver tumars in bottom-dwelling
fish in urban bays; closure of seven prime commercial shellfish beds due to bacterial pollution;
changes in community structure and abundances in benthic communities; and elevated levels of
PCBs and some metals in certain species of fish, shellfish, birds, and marine mammals. The
bottom sediments, particularly in urbanized areas, appear to be highly toxic to some organisms.
Two of these areas (Commencement Bay and Eagle r) have been designated as Superfund
sites. More recently, laboratory studies of the sea surface microlayer (an emcmc}_y thin layer of
mainly organic substances that float on the surface) have shown high toxicity to fish eggs and
oyster larvae. There also have been improvements in the Sound over the years with changes in
land use, improvements in technology and tightening of regulations, For example, secondary
treatment of pulp mill effluents has largely reversed the severe degradation and resource losses that
occurred in some parts of the Sound.

One of the major conclusions of the technical analyses was that there are still large gaps in our
understanding of the Sound and how it is affected by contamination. Consequendy, it is difficult
to ascertain the status of Puget Sound's resources and predict future trends. Although the sources
are known, their relative loading of pollutants is not well understood. And, once pollutants have
entered the Sourd, only limited knowledge exists as to their fates and cffects. Many of the existing
studies of biological effects show correlations rather than cause-and-effect relationshij . There
currently is no comprehensive monitoring program in place which would provide sufficicnt data
for assessing changes in environmental conditions. Finally, it is difficult to predict what effect a
population increase of 30 percent by the year 2000 wil! have on the Sound.,

In addition to analyzing the resource problems, PSWQA studied the effectiveness of current
programs to control the known sources of contamination. Point sources of pollution arc gencrally
regulated at the state and federal level, with the NPDES permit system being the primary control
mechanism. Examination of this program revealed major weaknesses in all aspects including
major gaps in the control of toxicants and weak inspection, enforcement, and monitoring.
Programs at the state and local leve] addressing nonpoint pollution are fragmented, and many
sources are uncontrolled. Although wetland preservation is an issue that has received much
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attention in recent years, many Puget Sound wetlands and other habitats are still threatened by
development. Almost all government programs arc underfunded, which in many cases means that
current federal and state legislative mandates for resource protection are not being carried out.
Although there are numerous laws, programs, and agencies addressing Puget Sound issues, the
12ck coordination and are not comprehensive. Many important issues are simply not
eing adequately addressed. Few overlaps in programs were found.

Upon completion of these analyses which were published in the form of nine issue papers and
circulated for review and comment, the Authority developed the draft of the first comprehensive
plan for Puget Sound. The fundamental goal set forth in this document is to restore and protect the
biological health and diversity of Puget Sound. The plan focuses on the protection and
enhancement of three resources: water quality, fish and shellfish, and wetlands and wildlife
habitat. Water quality and shellfish protection are primarily addressed by programs that control the
discharge of harmful substances to water, Habitat protection is afforded by programs that control
the use and development of essential wetland habitat through public acquisition and local
government action.

The draft plan is comprehensive: it addresses the major sources of water quality and habitat
degradation, it generally applies to all of the Puget Sound basin; and it employs a range of
solutions—regulatory, educational, and policy. At the same time it provides for management
emphasis in particular geographic locations. The plan relies heavily on achieving effective
implementation of existing governmental programs, particularly on the need to provide adequate
funding for those programs. It also prescribes the establishment of new programs to address
serious problems. The plan uses existing agencics rather than calling for the creation of new ones.

The plan includes substantial programs in the area of industrial and municipal discharges,
nonpoint source pollution control, stormwater and CSO control, management of dredging and
contaminated sediments, and wetlands and habitat protection. Development of a comprehensive
monitoring program, expanded laboratory capacity, enhanced public involvement and educational
programs, and recommendations for formation of a research consortium are also included.

The program for control of nonpoint pollution takes a two-pronged approach. Local
governments are required to conduct inventories of nonpoint sources and watersheds, to establish
priorities, and to adopt and implement local nonpoint programs for the pricrity sources and/or
watersheds. These programs must meet state standards. To supplement local plans, the state is
required to develop enhanced programs for siting of new marinas and control of discharges for
recreational boats, enforcement of the Forest Practices Act, control of runoff from commercial
dairies, and more restrictive criteria for siting of new septic systems.

‘The strategy for controlling water pollution from point sources is to devote substantially
increased resources to the enforcement of waste discharge permit limits on industrial and municipal
discharges throughout the Puget Sound basin, to require that all waste discharge permits include
limitations on toxicants and especially pollutants of concern in the Sound, and to establish state
standards for those industries for which EPA guidelines have not been adopted. The program also
calls for substantially increased inspection, enforcement, and compliance monitoring.

The price tag for this plan is estimated 1o be in the neighborhood of $20 million per year for
agency operating costs. Costs associated with public capital improvement programs and private
sector compliance with the plan's provisions could not be estimated with any accuracy. One
E'limzry funding source for plan implementation at the local level will be the staie’s Water Quality

nd, a fund established by the legislature in 1986 by adding an cight cent per pack tax on
ci‘gmm This funding source is for the entire state and is intended to cover a substantial portion
of the capital costs involved in converting primary treatment plants around the Sound to secondary.
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Lteis clear that this fund will not cover all the costs of plan implementation. Thus, priorities need to
set.

‘The plan with its accompanying Environmental Impact Statement is currently undergoing
public hearings. The final plan will be adopted in December 1986. Portions of the plan call for
new legistation, but the bulk of it will go into effect upon adoption by the Autherity. State and
local agencies will be the primary implementors of the plan. The Authority will provide continuing
oversight and technical assistance and will work to ensure compliance.

Much remains to be done to clean up Puget Sound and to ensure its future protection, and it is
a task that will take many years and millions of dollars. The state of Washington has taken the
initiative in creating a single-purpose agency to solve the water quality problems of Puget Sound.
Whether the citizens and politicians have the stamina and political will to continue their commitment
to this endeaver when faced with the real costs to both the public and private sectors remains to be
seen.
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WHERE'S THE BOTTOM LINE?

William G. Gordon
National Oceanic and Atmospheric Administration
1825 Connecticut Avenue, NW
Washington, D.C. 20235

1 enjoy fishing and in fact, I've been fishing for almost 50 years. For 31 of those years that
I've been fishing I've also been with the National Marine Fisheries Service. So please indulge me
and my biases today when [ say that fish are the bottom line in estuarine management. Of course, 1
recognize other legitimate uses in the estuaries: marina development, manufacturing, shipping, and
recreational boating. But from my perspective, I like to think about estuarine research and
management within the context of fisheries. This approach has some compelling considerations.
Consideration #1 - The livelihood of our commercial fishermen depend on the abundance of
healthy fish. Consideration #2 - The consumer who enjoys seafood depends on the abundance of
wholesome fish products. Consideration #3 - The recreational fisherman demands the availability
of fish and the amenities associated with fishing. Consideration #4 - Fish can be a tangible
manifestation of the health of a system.

So how do we ensure that our estuaries can sustain abundant, kealthy fishery resources?
How do we hold the bottom line? T'd like 10 offer three suggestions today in response to my own
rhetorical question. First, I recommend we clearly establish what we do and don't know in a given
estuarine system by availing ourselves of the latest tools for information management. Sccond, I
propose that we consider new ways of organizing research efforts. And third, 1 propose that we
reevaluate our management approach.

What do we know about an estuary? In new programs designed to coordinate estuarine
research and management cfforts, we must first answer this fundamental question. To answer this
question, we must organize and make sense of the data we have. How do we do this? I'm sure
you've heard lots of experts address this point during the conference. But I would like to
emphasize some key aspects. Obviously, we need to move quickly into the modem age of
information management. We must invest in the tools which store data, and beyond that, invest in
tools which organize the information hidden in the data.

We must know what we know and know what we don't know. Translated, that means we
must do the following things before we plan uscs for our estuarics: We must identify data sets
including sets on pollution discharges, circulation palterns, critical fishery habitats, and fishery
food requirements. We need land use data and commitment by planners to take a stab at predicting
demographic changes. I emphasize demographic changes because of their fundamental impact on
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technology is promising, the ability of artificially created habitats to sustain the same fishery
resources as natural habitats has not yet been proven. In very few instances do we know the
relative value of habitat lost compared to the value of habitat created. Simply because an area
“tums green” from grass propagation does not mean that the functional relations are similar to
natural habitat. Scientific information on the long-term success from the organism-use approach is
critical. We need to know how long it takes for a restored or a rew system to sustain fishery
resources and we need to know the losses incurred in the interim. Until our understanding
improves, we must be judicious in recommending enhancement and creation to compensate for
development.

1 would like to now discuss estuarine management and make two recommendations. First, we
must educate decision-makers. Ard second, we must define uscs for our estuarine systems.

After having developed an information management system for an estuary which conveys
meaning to mnnagers and a research program which examines fish in the context of the ecosystem,
we must be sure that the managers are prepared 1o understand the cffects their actions can have on
the estuaries. Decisions which lead to degradation of our estuaries and their resources often start at
the local level. When a county planner zones an area for heavy development but fails to
incorporate stipulations which limit the tremendous increases in runoff, that planner’s actions affect
the estuaries and the fish in those estuaries. That planner, therefore, needs to be educated about the
affects his decisions have on these resources; and that planner must be educated on techniques to
mitigate impacts. Members of city councils, local officials, developers, and even the farmers along
the banks of our waterways should be made aware of the furdamental relationship between land
use and the health of our estuarine resources. Without this critical education effort, we will fail to
address the long-term cumulative effects of coastal and watershed development.

We at NOAA are attempting to grapple with the problem of education. One of the ways we
are considering addressing this need is through a National Estuarine Research and Education
Foundation. An important component of the foundation concept would be to educate decision-
makers at the local, county, and state level. We believe that the focus should be on improving the
ability of the estuarine ccosystem to sustain living marine resources at levels of high productivity.
In addition the foundation should work to ensure that the habitat can sustain seafood that can be
safely consumed by the public.

The education component would be designed to analyze and package information so decision-
makers can understand the importance of the estuarics ang the implications of their actions on the
cstuaries. Through education, we hope to influence regulatory and plannin? decisions from the
bottom up. Although this idea is just germinating, we would envision this foundation to be a
quasi-govemnmental organization with the ability to accept private funds. It would consistof a
Board of Directors made up of prominent estuarine scientists, managers, and educators.

The foundation's education programs will prepare decision-makers for the next logical step in
an estuarine management program; cstuarine-use planning. It is now time for managers in the
states to clearly define the uses which they wish their estuaries to sustain. Idon't just mean uses in
the broad sense of the word. It's obvious that there will be marinas, ports, and industry in and
around most estuaries. What is not so obvious is deciding where such uses should occur - both in
relation to cach other and in relation to the estuarine ecosystem. Without this planning, our ability
to sustain our fishery resources for the long-term will be significantly reduced. Let's face it, if you
want healthy, productive oyster beds in your estuary, you don't alter land use patterns upstream
which significantly increase the freshwater flow and sediment loads.

The onus, therefore, lics with managers to take the lead in identifying uses for their estuaries.
But let me be clear, managers cannot accomplish this task alone. Managers must include the
research community in designing estuarine use schemes. Why? Because researchers shape the
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parameters; researchers provide the expertise and the caution so crucial in understanding the effect
that onc use may have on another. Take for example the following scenario: Able-bodied planners
have proposed to designate a certain area of the coast for industrial development and 40 miles
downstream designate an area for fishery enhancement. When this proposal is presented, I want
my scientists to evaluate the effect circulation may have on transporting pollutants into the fishing
zone, Ard I want my scientists to identify which key food chain organisms could be reduced
limiting the productivity of the fisherics in the fishery enhancement zone. Finally, | want my
scientists to caution me on uncertainties with respect to the propasal so that research can be focused
on questions related to that uncertainty. The rescarch community must be integrally part of
estuarine-use planning.

In conclusion, we must establish the limits of our understanding using the best data tools
available. We must conduct research on key fisheries within the context of the ccosystem. And
finally, we must educate our decision-makers and develop estuarine-use management schemes. 1
might interject that we in NOAA are taking the initiative to address many of the issues through the
NOAA Estuarine Plan. If NOAA can focus its efforts in these areas along with other Federal and
state agencies, we'll protect the bottom line; we'll protect our fish.
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Orleans, LA. Copyright by The Coastal Society
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PROGRAM ACCOUNTABILITY - HOW DO WE MEASURE PROGRESS? -
A POLITICAL VIEW

Honorable Joseph V. Gartlan, Jr.
Bay Commission
60 West Street, Suite 200
Annapolis, MD 21401

In 1983, the States of Virginia, Maryland and Pennsylvania, along with the District of
Columbia and the federal govemment, embarked upon an unprecedented cooperative effort to
achicve a single, focused objective: the restoration, protection and enhancement of the water
quality and living resource productivity of the Chesapeake Bay. You have already heard a great
deal about the specific programs which have been put in place throughout the region to reverse the
trends which we have wilnessed in the estuary. The nature of the Bay's problems were suggested
by the EPA's Chesapeake Bay study which was completed in 1983 after 6 years of research ata
cost of almost $30 million. Since that time, over a hundred and fifty million dollars have been
appropriated for Chesapeake Bay cleanup by state governments, and much new legislation has
been enacted by our General Assemblies. Agreements have been written between all federal
agencies with an interest in the Bay, and an institutional structure has been set up to keep all parties
involved in the restoration process.

Clearly, we have begun to do a great many things in the Chesapeake. Certainly we now have
more money, more people, and more authority to carry out environmental programs than we have
had at any time in the past. If obtaining increased resources to do a job is a sign of progress, then
at least at the state level the Chesapeake Bay Program is a substantial success. At the federal level,
actual and proposed cutbacks in funding and personnel levels threaten new commitments.

Meetings between state and federal officials to discuss directions of the current and future Bay
program activitics are taking place daily. Close personal friendships and a sense of camaraderie
have developed between administrators and legislators at all levels of the Bay cleanup effort. We
have a free and open flow of information. If intergovernmental cooperation is a measure of
progress, again we have succeeded.

In elections which have taken gll:cc or are in progress in cach of the three state jurisdictions
during the past year, all candidates have felt the need to £led3e continued support for the
Chesapeake Bay restoration effort as a major aspect of their platforms. The membership rolls of
the Chesapeake Bay Foundation have burgeoned. The number and activity of citizen advisory
committees participating in the Bay restoration effort has increased by an order of magnitude. If
political support, and the citizens' demands on which it is based arc a measure of progress, then
again, we must count the Chesapeake Bay Program a success.
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But before those of us involved in the Bay prog:m become too overwhelmed with our
accomplishments, we must recognize that what we have done is to succeed at starting an effort to
restore the Bay. We have not yet actually restored anything. If progress is to be measured by
cleaner water, improved habitat, and increased fish harvests, then we are still mobilizing and
organizing our force. To admit this fact is not a criticism of any party to this effort. Allofusin
the Chesapeake Bay region and all of you dealing with resources that have been similarly neglected
and abused over centunes, recognize that reversing enviroamental degradation is a long process,
and that tangible signs of restoration will be slow in coming.

The need to account for progress, to show tangible results to our constituents, was a concem
to the Chesapeake Bay Commissicn at the cutset of the restoration effort. One of the
Commission's major commitments at that time was, in fact, to periodically evaluate progress made
in implementing the Chesapeake Bay Initiatives. We recognize this oversight function as one of
the roles the Commission is wniquely qualified to play, and one which will become increasingly
important as changes in the political leadership at the state and federal levels take place over the
coming years.

Built into the cleanup process is a water quality and living resource monitoring program. Itis
this program which will in the long term show whether what we are doing row is sufficient to
restore the Bay. By keeping a close accounting of the real, physical, measurable changes
occurring in the water, we are, in effect, keeping curselves honest,. We will not be able to claim
improvements ten years from now unless they are real. The need for this comprehensive
monitoring effort was recognized by the federal and state administrators who had struggled without
such a tool to understand what was happening to the Bay. While it was originally developed and
put into place administratively, the permanent need for this monitoring program as a device for
program evaluation so impressed the Commission that we proposed and were successful in
legislatively requiring its continuation by the appropriate state agencies, and requiring periodic
reports on the "State of the Bay” to the Assemblies.

But the monitoring program is, at least in political terms, a very long-term tool to measure
success. How, in the meantime, do we measure progress? This is a question the Commission
struggled with when it conducted its first "Biennial Review"” of the Chesapeake Bay Action Agenda
just over a year ago.

One suggestion that was made was “watershed monitoring”. The thought here is that since the
Bay is 50 large and complex, and since it will take a number of years to see the effects of programs
just now going into place, aps we should take a closer, harder lock at smaller systems. Thus,
intensive water quality and living resources monitoring, on a before and after basis, is being
carried out on small streams draining approximately 1,000 acres. It should show us, in four to
seven years, whether the nonpoint source best management practices we are attempting to put into
widespread practice on farms and in urban areas will actually demonstrate significant results. But
while this approach will help to evaluate individual practices, and while it will kelp us to identify
the potential for reducing pollution, it will not tell us whether we are moving far enough, fast
enough to reverse the downward trends the Chesapeake Bay Program has identified.

When we are prevented, by time, from looking at real changes in the environment, we are
sometimes reduced to tracking administrative activny levels as a substitute for results. We can
identify how many permits were issued, how many inspections were conducted, and how many
grants were given. But while the signs here are hopeful, they may be telling us more about the
case and popularity of an activity than they tell us about the activity's effectiveness. Does the fact
that 3,000 farmers in Virginia have signed up for best management practices cost-share grants
mean that we are significantly reducing poltution, or only that the farmers know a good deal when
they see one? Does the fact that we have made permit limits for a dozen sewage treatment plants
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more stringent mean we have reduced nutrient loads, or is the reduction counteracted by an
increase in flows?

The questions we need to be asking are questions like: “Has the actual load of nitrogen and
phosphorus being discharged to the Bay decreased?” “"What percentage of the agricultural
nonpoint source pollution has been stopped with last year's appropriation?” I do not think these
questions are impossible to answer, but we must develop methods and plans and the will to
provide the answers.

‘While we all concur that Bay protection and restoration will take decades to accomplish, and
our people do not expect a “quick fix”, we must, nevertheless, sct goals and timetables in mecting
our restoration objectives. We might not be able to predict how long it will be until the Bay is as
healthy and productive as we can make it. But we should be able to make our agency managers tell
us how long it will be, for example, until all of our sewage treatment plants have installed chlorine
controls, or how lang it will take before the farmers with highly erodible land in the Rappahannock
River basin have installed best management practices.

This kind of a timetable, which so far is lacking in the "Chesapeake Bay Restoration and
Protection Plan," may limit our flexibility, but it also provides us with an opportunity to
demonstrate to a constructively skeptical citizenry that progress is indeed real. It is also the only
way we are geing to be able to determine, if the Bay fails to improve, whether it is because we
failed to do the right things, or because we failed to do the things we said we would do. It is not
only possible o measure progress, but necessary to do so. 1do not belicve that the public is going
to be content for very long with measures based on dollars spent and administrative actions taken
rather than discemnible improvement in water quality and habitat enhancement. Our legislatures are
the war zones of competing state priorities. Itis essential that our Bay programs are demonstrably
effective if we expect funding to continue to improve. I hope that on the next occasion a participant
in the Chesapeake Bay restoration effort addresses the Coastal Society, we will be able to report
those results to you.
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PROGRAM ACCOUNTABILITY - HOW DO WE MEASURE
PROGRESS? - A SCIENTIFIC VIEW

Jerry R. Schubel
Marine Sciences Research Center
State University of New York at Stony Brook
Stony Brook, NY 11794

My dictionary defines accountability as being answerable, capable of being explained. The
implication is that when one assesses accountability, one has to establish what one 15 accountable
for and to whom. If one is to measure -- to assess -- program accountability, progress, one needs
criteria. Objectives and goals -- short-term and long-term -- need to be stated explicitly for the

. The extent to which objectives and goals have been met becomes the basis for program
evaluation, for measuring progress. If one has a program with a clear cut goal — putting a man on
the moon, for example -- it may be difficult to get him up there but it is easy to assess whether or
not the program has been successful.

Still, this ambiguity poses a problem. We are told that the bay's programs are not research
programs, that they are restoration programs, pollution control and abatement programs. If this is
the case, then the response of the patient to the treatment is the best and perhaps the only measure
of program success. But this too is not easy. The patient is unpredictable with large mood swings
-- as many personalities as Sybil - good one year, bad the next. And the patient is subject to
forcing by large aperiodic external events from which it may take years to recover. The real
question is how have rehabilitation programs affected the probability of having a bad year - of an
anoxic event, for example. We really don't have the information to assess this unequivocally.

Because of the complex and stressed nature of estuarine systems, because their importance
extends well beyond the boundaries of the states that border them, in some cases to the entire
nation, and because many of their most scrious problems are dumped on, or into, them as a result
of activities throughout their drainage basins, it is appropriatc that the federal government should
enter into partnerships with the states to initiate and support research and monitoring activities to
improve our understanding of estuarics, and to develop and implement management strategies to
conserve, and when necessary (o rehabilitate, these exceedingly important and precious natural
resources. It is appropriate and highly desirable to attempt to assess the effectiveness of
rehabilitation and management programs in attaining their objectives and goals. Far too little
attention has been directed at this activity. While we may not have stated our objectives and goals
explicitly, there is little doubt that in the public's mind at least, objectives and goals - anticipated
outcomes -- were clearly in mind.
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There continues to be an enonmous oppartunity for a federal agency to take a leadership role in
coastal and estuarine science. None has. At present, activities are split among a variety of
agencies. None has a well-articulated and comprehensive program with clearly defined objectives
and goals, and in the aggregate, the federal rescarch effort is inefficient and worse, incffective. A
favorite fortune cookie saying of mine is, "That which is everybody's business is nobody's
business." Surely this is an apt description of estuarine science in the federal govemment today.

In the Summer 1986 issue of the Chesapeake Citizen Report, Lee Thomas, Administrator of
the U.S. Environmental Protection Agency, wrote an article entitled, “Restoring the Chesapeake,
Moving Forward: Fast Enough? Far Enough?" In the article he stated that, "The U.S.
Govemnment has made a forty million dollar commitment to it; the states more than twice that
amount.

There have been some signs of progress already. It has been reported, for example, that there
are signs that rockfish are now making a comeback after a ten-year decline. Still, it is safe 1o
predict that we will continue sceing cntical articles and reports about the bay for a time to come.

That is because saving the bay cannot be properly measured in weeks, months, or even the
first few years of the restoration effort. Itisa cleanup pro, of remarkable scope and
magnitude, and some problems along the way will be incvitable. Nonetheless, after decades of
neglect and abuse of the bay, the long needed process of putting life back into it has begun in
earnest.”

Itis not clear, at least not to me, whether or not this comeback has anything to do with the
Chesapeake Bay cleanup No one can say that the striped bass would or would not have
made a comeback with or without the Chesapeake Bay Program. I remind you of a comment by
Voltaire who observed that much of medicine consists of amusing the patient while nature effects a
cure. This is not to say that the Chesapeake Bay Program is not needed or desirable. It was and
is.

"Estuaries are the most accessible part of the marine environment for the oceanographer and
for commerce and recreation, yet conceptually, estuaries are E’;mbably the most recalcitrant and
technically are as exacting as the decp ocean (Research on Estuarine Processes, 1983)."

Recalcitrant is an interesting and appropriate term to characterize estuaries. The dictionary
defines recalcitrant as resisting authority or control; not obedient ar compliant. Surely estuaries are
recalcitrant! Because they are, they are not amenable to facile management. Most people
knowledgeable about estuaries acknowledge that planning for and management of estuarics are
enormously difficult tasks. Most of these same people acknowledge that effective management
strategies must be firmly rooted in an understanding of the systems they are designed to manage.
A well established management principle is that good managers do not deal with the same problem
in a recurrent fashion. But if the causes of a problem are not well understood, it is unlikely that the
problem can be dealt with effectively and it is likely that the manager shall be doomed to deal with
itin a recurrent fashion. This has been typical of estuarine management problems. The problems
of today are not substantially different from those of one, two, or even three decades ago. The
differences are primarily in degree and not in kind.

Accountability is good. It's American. Buta pmoecupan‘on with short term accountability
will not serve us well, It is reminiscent of U.S. industries' preoccupation with short term profits,
a preoccupation which led to the erosion of institutional charecteristics needed to sustain longer
term productivity and profits. We need to reverse this trend in our approach 10 estuaries. We need
patience and a constancy of commitment.



If we are to improve our management of estuarics, we must improve our understanding of
them. We will improve our understanding of estuaries only through research. If we are to make
major, new advances in our understanding of estuaries, it will be through unfettered research by
our very best scientists. Scientists who will pick the problems and define and develop the ways of
attacking them. There has been far too little room for such activity in our bays programs, although
the Long Island Sound study has made a major step in the right direction and EPA 15 to be
applauded. Qur bays programs also had another and unexpected adverse impact on fundamental
research in estuaries. It provided directors of federal research programs with an easy out...an easy
way of not supporting estuarine research. This opportunity has not been overlooked and has
resulted in the "Let Mikey do it, he likes it” philosophy. In this case “Mikey"” was the EPA's bays
program.

Am I suggesting that all the money should go to rescarch and none to cleanup? By no means!
I am suggesting that there is the need for both and that in any large cleanup program, some modest
fraction of the funds should be set aside for an open, competitive research program which attract
responses from the very best scientific minds. I'have several specific recommendations.

0 We should clean up what we know how to clean up and where we can predict with some
reasonable level of assurance what the effects of our actions will be...the benefits of our
investment.

o We should monitor the system so that we can develop a chronicle of the highly variable system
which might, just might, permit us to separate out the anthropogenic signal from the natural
signal. We should keep monitoring programs modest in size and in scope -- in cost.
Continuity is essential. We need a long record, one which will get us through the range of
fluctuations of natural conditions -- drought, hurricane, ctic. We should spend as much on
analyzing data, converting them into information and putting them in the hands of decision
makers as we spend on collecting them. The dwi&n and diagnostic monitoring programs must
emerge from -- be rooted in -- an understanding of the system and the phenomena one wants
to monitor. One needs to know what to measure and at what frequencies in time and space to
measure it A tall order.

o We should establish and sustain research programs which provide an appropriate mix of (1) safe
research -- rescarch targeted to known, well-formulated problems -- research which will lead
to incremental improvements in our understanding of estuaries and in our ability to manage
them, and (2) high risk research - research which might lead to major breakthroughs in our
understanding of estuaries and, as a result, in our ability to manage them. Often in the
environmental sciences and particularly in estuarine science, we are in too big a hurry to do
*...relevant research”..."accountable research..." Louis Pasteur observed that "to him who
devotes his life to science, nothing can give more happiness than increasing the number of
discoverics. But his cup of joy is full when the results of his studies find practical application.
There are not two sciences. There is only one science and the application of science and these
activities are linked as the fruit is to the tree.” The lesson is clear: One cannot apply scientific
advances until they have been made.

Thomas Spratt, in his history of the Royal Socicty (1667), pointed out that to complain that
the findings of science do not lead immediately to the results of practical usefulness is as silly as to
complain that not all seasons of the year are seasons of harvest and vintage. We need to make a
larger and more stable investment in increasing our fund of knowledge of estuaries so that we can
harvest and apply that knowledge through better management to serve socicty.

If the federal government does not support fundamental rescarch in the nation’s estuarics, no
one wwgl. Without that knowledge, our ability to manage estuaries will continue to be severely
limi
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Furdamental processes at work in all estuaries are the same, regardless of whether it is
Chesapeake Bay or San Francisco Bay, Albemarle Sound or Long Island Sound, but the relative
importance of the individual processes and as a result the interactions of those ses and their
manifestations vary dramatically from one estuary to the next. A fifty million dollar study of
Chesapeake Bay won't substitute for a five million dollar study of Great South Bay.

Does this mean that nothing we leam in one estuary is transferable to another? No, not if our
studies are designed properly. But all too often they are not, and as a result, the transferability of
knowledge from onc estuary to another is severely limited. Too oficn, either the wrong questions
are posed or the right questions are posed in the wrong ways. Do we need to study every estuary?
No. Only those we want to manage effectively. But with proper study design, we can maximize
transferability of knowledge gained in one estuary to others. We need studics of estuarine
processes and studies of estuarine systems.

There is a distinct need for intercomparative studies of estuaries so that better, clearer
gencralizations can be derived, and more effective generic management strategies developed.
National and indeed international coordination of studies and estuarine management could be of
enormous benefit. Here too, there is an unusual opportunity for federal leadership — in the
support, design and coordination of such comparative studies. This opportunity continues to be
largely ignored.

In closing, let me make an observation that I've made on several other occasions. In my
opinion, there is only one federal agency well suited to take the lead in providing the knowledge
base that is required for the management of the nation's estuaries. This knowledge base will come
only through rescarch as I have mentioned. The agency is the National Oceanic and Atmospheric
Administration (NOAA). Thank you.
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EPA NORTHEAST ESTUARY PROGRAM: ORGANIZATIONAL
STRUCTURE AND EARLY DEVELOPMENT OF BUZZARDS BAY,
LONG ISLAND SOUND, AND NARRAGANSETT BAY PROGRAMS

Wendy [. Wiltse
U.S. Environmental Protection Agency
Region 1
IF. Kennedy Building
Boston, MA 02203

Introducticn and Background

In July 1984, the President signed into law a bill providing $4.3 million
in Fiscal Year 1985 for water quality research, sampling, monitoriny,
and assessment in four estuaries: ILong Island Sound, Comnecticut nd
New York; Narragansett Bay, Rhode Island; Buzzards Bay, Massachusett 3;
and Puget Sound, Washington. This marked the first time since tie
Chesapeake Bay Program that EPA had targeted estuaries for managem:nt
using a geographical basin-wide approach. EPA Region I in Boston was
designated to coordinate all but the Puget Sound initiative.

Beginning in August 1984, Region 1 personnel, in consultation w'*h
EPA's naticnal program manager in the Office of Marine and Estuar.ue
Protecticn, began the process of organizing the Northeast Estuary
Program. The Long Island Sound, Narragansett Bay, and Buzzards Bay
Programs have in many aspects evolved in parallel, yet have also re-
sponded uniquely to local perspectives and needs. The ewolution of
these three distinct projects including the establishment of management
structures, prioritization of problems, and appropriation of first year
monies is described in this paper.

The goals of the National Estuary Program are:

Protect, maintain and restore environmental quality of estuaries
Develop state/federal/local partnership and consensus

Use existing Clean Water Act regulatory authorities

Increase public awareness of estuarine complexity

Increase understanding of needs and benefits of basin-wide management
and relate source loadings to resource impacts

° Develop basin-wide management plans for abatement and control of
point and non-point pollutant loadings

Build acceptance of private and public costs of pollutant abatement
Provide technology transfer to state and local govermment for imple-
mentation of action plan

e 0 0 0 0
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A number of steps were undertaken to develop an estuary program and
achieve these goals. The first step was the establishment of an
organizational structure of committees to manage the projects. These
committees 1) define and pricritize environmental problems on which the
programs will focus, 2) create a strategy for public participation and
education, and 3) develop plans for studying the priority problems and
formulating management recommendations.

The final product of all programs is a Master Plan for managing water
quality problems existing in the estuary. This phase of developing the
Master Plan through a consensus building approach is expected to take
3-5 years. It will be followed by an implementation phase in which the
recamendations of the Master Plan are carried out with support from
state, local and federal socurces.

Organizaticnal Structure

One or more key pecple were identified in each of the states to partici-
pate in organizing the camittee structures and identifying prioricy
water quality problems. The committees involved in managing each estuary
and their interrelationships are shown in Figure 1.

POLICY QOMMITTEE Figure 1.
Camittees constituting
the basic management

MANAGEMENT OOMMITTEE structure of Northeast
z\ /S Estuary Programs.
TECHNICAL CITIZENS
ADVISORY ADVISCRY
COMMITIEE COMMITTEE

Each program established a Policy Committee consisting of the EPA
Regional Administrator and a cammissicner or cabinet level representa-
tive of the state's envirommental programs. 1In Long Island Sound,
where both New York and Connecticut are involved, the Policy Committee
consists of two EPA Regional Administrators (Regions I and II) ard a
representative from both states. The Policy Camittees are given reg-
ular briefings on the projects and they approve major policy recommen-
tions,

The Management Committees develop work plans, approve projects for
funding, make major program decisions and are responsible tor formula-
ting the Master Plan and its implementation recomendations. Generally
they are comprised of representatives of state and fedsral agencies anc
the chairs of the Citizens and Technical Advisory Oommittees. The
Management Committees are chaired by the EPA Region I water Management
Division Director, David Fierra. The composition of the Management
Comnittees of the three programs is summarized in Table |. Membership
in the Long Island Sound Committee is nearly double that of Buzzards
Bay because of the inclusion of two states and two EPA Regions.



Narragansett Bay has the largest Management Committee, EPA preferrec
Management Committees to be small, under 10 members. However, Rhode
Island's Department of Environmental Management requested that the
University, user groups, and Save the Bay, an environmental advocacy
organization, be represented on the Management Comittee.

Table 1: Management Committee Membership

LONG ISLAND NARRAGANSETT BUZZARDS
SOUND BAY BAY

EPA

NOAA

INTERSTATE COMMISSION
CAC CHAIR

TAC (HAIR

STATE WATER QUALITY
STATE CZM/PLANNING
STXTE FISHERIES
UNIVERSITY

INDUSTRY
ENVIRONMENTAL
FPISHERMEN

BOATERS

COASTAL PLANNING
POTVS

NN
Pt et et s pt | et e
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The Technical Advisory Conmittees (TACs) develop RFPs, review proposals
and reports, monitor progress on research and monitoring projects and
provide technical guidance to the Management Comnittee. Mewbers
include representatives from academic institutions and state and
federal agencies.

In Narragansett Bay, the Science and Technical Cammittee Chairman
is the Director of the EPA Office of Research and Development Labora-
tory in Narraganmsett, RI. The TAC for Buzzards Bay is chaired by a
representative trcom Woods Hole Oceanographic Institution. Co-chairmn
from the University of Connecticut and State University of New York at
Stony Brock marine science departments head the Long Island Sound TA.
This large TAC has been divided into research (academic scientists,
state and federal agency representatives) and implementation sub-
camittees {county and local agency representatives). A comparison
of the TACs for the three Northeast Estuary Programs appears in a paper
by Dr. Michael S, Connor in this collection.

The Citizen'’s Advisory Committees (CACS) serve as a conduit between the
Management Committee and the public. They are responsible for developiiv
a public participation/education program and the CAC chair participates
on the Management Committee. The CACs for Buzzards Bay and Long Islarxt
Sound consist of environmental groups, users, and local government
representatives. For Narragansett Bay, these same groups are represent-
ed on the Management Committee and there is no CAC. Instead, a Public
Education Comittee consisting of media professionals oversees publicity
and education in Narragansett Bay. The citizen participatiocn eftorts ot
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all 3 Northeast programs are described in a paper by Curtis Spalding ana
Katrina Kipp in this volume.

In addition to the committees camprising the management structure, each
of the estuary programs has established working groups to focus on
specific topics such as water quality monitoring, living marine re-
sources, pollutant sources, shellfish closures, and toxic contamination,
Working groups consist of principal investigators of funded projects,
TAC members and agency personnel with expertise related to these topice.
The working groups coordinate and provide technical reviews of ongoinj
work and ensure the incorporation of study results into management
recamendations.,

Problem Definition

Barly in the development of the Northeast estuary programs, bay-wice
water quality problems were identified and prioritized. 1In order to
identify problems EPA staff, often accompanied by state agency repre-
sentatives, interviewed managers, planners, agency personnel, academic
scientists, envirommental organizations and user groups, either &3
individuals or in small groups. Problems were then defined and priori-
tized by the Management Committees, Criteria used to rank problems
were: :

¢ I8 it a water quality problem that impacts fishery resources or human
uses?

° 1Is the problem related to human impacts?

° 1Is the problem bay-wide in geographical extent?

° 1Is the problem not currently addressed by an existing study or
management program?

° Does regulatory authority exist under the Clean Water Act?

The priority problems identified were: Long Island Sound-toxic con-
tamination, eutrophication and dissolved oxygen depletion; Narragan-
sett Bay and Buzzards Bay-toxic contamination of biota and sediments,
and shellfish closures. Shellfish closures in Long Island Sound ant
eutrophication in Narragansett Bay and Buzzards Bay were also identifieu
as existing problems, but of lesser importance than elsewhere, Uther
issues reported in these estuaries, but not selected for study in the
first year include fishery declines, dredge spoil disposal, brown and red
tides, coastal ercsion, shipping spills, and coastal zcne development,

Funding for Fiscal Year 1985

The total funding for the programs in FY-85 was Long Island Sounde-
$1 millicn, Narragansett Bay——$1.1 million, and Buzzards Bay—$400,000.
Workplans were developed by the Management Committees, reviewed by the
TACs and CACs and approved by the Policy Committees. The workplans def ined
the tasks necessary to begin assessing the priority water quality probl.:ms.

The level of existing knowledge and the nature of the priority protlems
led to different initial approaches for the three estuary progr uis,
In Long Island Sound, where little is known of the extent of toxic ‘on-
tamination and low dissolved oxygen (DO), the focus of Fiscal Year 985



(FY-85) activities was the assembly of existing infonmation. bat: on
water quality and DO, pollution socurces, toxics in sediments and biota,
fishery landings, etc., were campiled in order to better define the
present ccnditions and to begin to assess recent trends and impacts on
fishery resources. For Narragansett Bay, wuch information on local water
quality and estuarine processes was available. The Management Committee
decided to focus on development of a wasteload allocation model for the
Bay and began a sampling program in FY-85 that was designed to lead to a
model. In Buzzards Bay, the coliform and toxic contamination problems
occur in embayments rather than open water. A case study of a sinyle
embayment where bacteria from non-point sources contaminate shellfishing
waters was begun in FY-85, The study will lead toward a local action plan
and serve as a model for action plans in other embayments.

Table 2: Breakdown of FY-1985 Funding

LONG ISLAND NARRAGANSETT BUZZARDS
SOUND BAY BAY
State Coordinators $ 90,000 $ 65,000 $ 36,000
Data synthesis 580,000 90,000 75,000
Monitoring 160,000 355,000 108,000
Research 60,000 240,000 136,000
Modeling 10,000 256,000 -
Management./Policy - 50,000 10,000
Public Education 70,000 43,000 35,000
TOTAL $1,000,000 517,100,000 $400,000

The allocation of funds among program activities differed for the three
estuary programs (Table 2). All estuary programs funded a position in the
state government for a coordinator to oversee activities in the bay's
region, a public educatiocn/participation program (newsletters and other
activities), and a synthesis of existing data. The largest data gathering
and synthesis efforts were in Long Island Sound where 58% of the tunds
were allocated to these tasks.

All programs also funced 1nitial monitoring and research, with Narraga .-
sett Bay and Buzzards Bay spending 453 and 58%, respectively, of the.r
budgets on these efforts, Modeling received significant funds only in
Narragansett Bay (23%), where developing a wasteload allocation model is
a project goal, Management and policy efforts received a small amount

funding in Narragansett Bay and Buzzards Bay, but will certainly
receive a greater portion of the funds as the programs progres:.

The three Northeast Estuary programs are organized around a similar
camiittee structure and exhibit owverlap in high priority problem;.
However the approaches of the three programns and the projects funded in
the initial year differed considerably, due to the ability of tie
Management Camnittees to respond to state, regional, and local concerns.
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A COMPARISON OF THE GOVERNANCE OF
NARRAGANSETT AND SAN FRANCISCO BAYS:
THE ROLE OF ADAPTIVE IMPLEMENTATION

Timothy Hennessey
Deparunent of Political Science
University of Rhode Island
Kingston, RI 02881

Donald D. Robadue
Coastal Resources Center
Graduate School of Oceanography
University of Rhode Island
Narmagansest, Rl 02882

Introduction

Despite great {nterest and large expenditures for estuarine protection
and management through water quality, fisherics management, port
management and coastal management programs, there have been few
systematic comparative evaluations of the estuarime governance process
and its impacts on the condition of estuaries and the activities they
support. Studies on this topic by Bish (1982) and Bish and
Sproule-Jones ({n progress) have focused on Puget and Vancouver Sounds.
Building on their work, we are currently engaged in a three year
systematic comparative study of the governance process in four estuaries
{i.e. Narragansett, San Francisco, Delaware, and Galveston Bays) funded
by Sea Grant. Implementation structures, processes and outcomes of
governance systeos are being analyzed and specific criteria for success
and failure developed and tested. The study reported in this paper 1s
one part of this larger effort and focuses on the performance of two
estuary governance agencies, the Rhode [sland Coastal Resources
Managenent Council, CRMC, and the San Francisco Bay Conservation and
Development Conmission, BCDC, both of which predate the federal
iniciative on coastal zone management in the 1970s. In particular we
examine how the implementation process provides an important means of
clarifying and adapting original governance policies to better fit
public expectations and actual management practices.

Estuaries have long been a focus for public concern, resource management
efforts and sclentific research. In the early 1960s a number of
iniciatives were debated in Congress that would have provided for a
national program for the protectlon of estuarles. At the time,
estuaries were viewed as the most critically endangered coastal habitats
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(21le, 1974). In 1966, The Clean Water Restoration Act launched a
comprehensive study of the effects of pollution on estuaries. This
rasulted in the National Estuarine Pollution Study (U.S. Department of
fnterior, 1970) which concluded that the management problems of
estuaries were inseparably related to the surrocunding coastal zone in
its entirety. The study set forth a detailed blueprint of how this
could be accomplished. Other studies and investigations of this perfod
came to simflar conclusions. These included the Commission on Marine
Science, Engineering and Resources (1969), the Workshop on Critical
Problems of the Coastal Zone (Ketchum, 1972) and studies such as those
of the National Academy of Sciences (1970) on waste disposal in the
coastal zone.

Nevertheless, a comprchensive approach to estuary policy as suggested by
these studies was not achieved. Indeed, the Coastal Zone Management Act
of 1972 produced state prograns that have generally avoided the issues
of water pollution and management of fishery resources, two of the
principal issues in all estuaries. Furthermore, the Clean Water Act of
1972 {fously abandoned the examination of water quality in
individual water bodies as the basis for regulation in favor of an
across-the-board application of the best practicable,” and later, “best
available”, pollution control technology (for example secondary level
wagtewater treatment facilities).

Adaptive lmplementation and the Governance Procoss

In recoocending an integrated, comprehensive approach to decision
making, analysts have fatled to take into account several
characteristics of ecosystems:

The components or ecosystems are connected in a sclected way.
Everything is not closely tied to everything else.

The impact of ecological events is not uniform. Dfifferent
areas react in different ways.

Dramatic changes in behavior are natural to many ecosystens,
and many of these changes are beyond man's wmeans to predict.
It 19 always ary to expect the pected.

Variability~-not-conaistency is the characteristic of
ecosystems that enables them to adjust and therefore to
persist.

(Internatiocnal Institute for Applied Systems Analysis,
1979)

In addition, estuaries are highly valued, multiple-use resocurces.
Diverse and often conflicting activities such as fisherles, recreation
and commercial ehipping must co-exist with industrial development and
waste disposal. Because of this interdependence of uses and users, the
managezent of estuaries must consist of more than passing data from
acientists to decision makers. Estuary management must take place
within an institutional setting and policy process which actempts to
reconcile the differing values and objectives of a variety of user
groups and general public and then provides the means for icplementing



chosen objectives. We call this framework the governance systen.
Governance includes not only the laws, regulations, and prograns for
environnental control and the various uses of the estuary but alsc the
key actors and organizations that determine and implement such laws,
regulations, and programs (Sproule-Jomes, 1980).

Pocusing on systems of governance i{s essential to the study of estuary
managerent because there is no single clearly defined policy or
government agency charged with the task. The juriadictional and legal
environnent of the various estuaries {s characterized by many i{ssues,
policies and governcent agencies at the local, state and federal level.
Thus it is critical to study the individuals, groups, and organizations
that adopt and implement decisfons that impact on what, when and how
estuary management i3 actually carried out.

Governance occurs in relation to a policy process which is composed of a
cycle of six stages:

(1) initiation (a problem is identified)

(2) estimation (the scope and size of the problen is determined)
(3) selection (a policy 1s chosen)

(4) ioplementation

(5) evaluation

(6) termination

(Brever and deLeon, 1983)

Here we shall concentrate on 3, 4 and 5. In Narragamsett and San
Francisco Bays, new governance institutions were established to address
identified problems. However, a major part of the work of these new
agencles was to develop the specific policles to be implemented. The
traditional model of implementation assumes that compliance follows
directly from the creation of a hierarchical, centrally controlled
government institution. This perspective {s unable to explain much of
the behavior which has taken place in the governance of the two
estuaries. As a result, we employ an adaptive fuplementation approach.
In this codel iwvplecentation is seen as shaping policy through a series
of interactions in which agency resources and objectives arc altered.
Policy is made by those who implement {t. This approach explicitly
recognizes the importance of bargaining and dynamic interaction among
ioplementers. These dynamics contribute to the modificationm,
specification and revision in policy as it interacts with its
institutional setting. Outcomes are neither automatic nor assured and
the process is more like a disorderly learning process than a
predictable, mechanistic process (Berman, 1980). The legislation
{nitially creating the BCDC and CRMC required them to prepare many
specific plans, policies and regulations following very general
legislative guidelines.
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Initiation of Estuary Governance in San Francisco and Narragansett Bay

During the 19605, new governance institutions were created to exercise
regional control over development activity affecting two heavily
urbanized estuaries. Their origins can be traced to the pressing local
problems and concerns found in San Francisco and Narragansett Bays.
State legislature chose to crcate new and similar governance

{institutions with the authority to designate uses and regulate
individual projects region-wide. Both are appointed commissions whose
nembers represent the perspectives of local government. However, the
legislative mandates, adeinistrative structure, and implementation
behavior of these two experiments in estuary governance are dramatically
different.

San Franc{sco Bay became the focus of an intensified exploration of the
idea of general purpose regional governzment in the 1960s. The permanent
establishaent in 1969 of the San Francisco Bay Conservation and
Development Commission is one of the major achievements of this period.
The origins of the BCDC lie in organized citizen reaction to municipal
and private proposals to fill additional areas of San Francisco Bay
during the early 1960s. A citizens' group, the Save San Francisco Bay
Assoclation, was formed in Berkeley in 1960, A dramatic outpouring of
citizen support led to passage of a new law fn June 1965 creating the
BCDC, which was given until 1969 to prepare a shore use plan. Another
intense legislative battle in 1969 resulted in the permanent
establishzent of the BCDC and adoption of its Bay Plan (Odell, 1972).

The fdea to create a state level governing institution for Narragansett
Bay did not emerge as a demand formulated out of grass roots citizen
activism, but rather had its origin and impetus in the academic and
planning communities of Rhode Island. Dr. Lewis Alexander, a geographer
at the University of Rhode Island, prepared a study of Narragansett Bay
and its uses at the request of the US Office of Naval Research.
Alexander proposed that the estuary be zouned by the state for the
various ugses to which it was suited and proposed creating a state level
adoinistrative mechanisa for enforcing the plan. In 1969 the National
Resources Group, a private conservation organization, proposed creation
of an aduinistrative structure for Narragonsett Bay. Governor Frank
Licht respended to the proposal by establishing a Committec on the
Coastal Zone to identify the state’s resource problems and recommend a
course of action.

The idea of creating a new mechanism for 'administering’ coastal
resources did not have much political salience in itself. However, the
proposal to conatruct an ofl refinery in Tiverton, Rhode Island in the
early 1970s provided the critical focusing event which gained the
attention of citizens, public officials and legislators. A state
representative from Tiverton, John Lyons, emerged to lead the successful
Efght {n the General Assembly to create a new state agency which could
effectively regulate such large industrial projects and serve as the key
institution in managing coastal resources. In July 1971 the General
Assembly approved the Coastal Rescurces Management Council to govern the
state's coastal resources.
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A Comparison of Implementation Behavior in Estuary Governance

A full comparative evaluation of the implementation behavior of both
governance agencies should include an examination of four key clements:

(1) Inputs to the governance process, including funding
legislacion and the resulting policies, rules and decision
criteria.

(2) Qutputs of governance, including permits {ssued and denied,
negotiated settlements, inspections of coastal sites and
developments and orders to conply with policies and peratts,
and court cases and judictal decisions.

(3) Outcomes of governance, measured Ln terms of actual physical
compliance with policies and permits.

(4) Impacts, defined as the benefits to society resulting from the
governance effort.

This paper examines the behavior of BCDC and CRMC primarily i{n terms of
inputs and outputs of the governance process. Measurements of outcomes
in terms of actual compliance behavior by developers are not available,
although the BCDC tracks the amount of new water area, fill and public
access tresulting from its activities. Finally, opinions about the
actual impact of the two agencies abound, but direct evidence {8 not
available, even though both agencles have existed for more tham 15
years. In sua, our analysis will allow us to make inferences about the
{oplenentation process and behavior outputs but not about the overall
direct impact of this on environmental conditions.

Inputs to the Governance Process

(1) Definfrion of Management Problems and Statutory Mandate

The Rhode Island CRMC was glven an extremely broad legislative mandate
to control the use of Narragansett Bay coastal waters and the shore.
Its mandate stated that “preservation and restoration of ecologlcal
systens shall be the primary guiding principle upon which environmental
alteration of coastal resources will be measured, judged and
regulated.”

The legislative standards set for CRMC plans and programs requires the
CRMC to perform a balancing act, ouch like a jury. The General Assenbly
required the CRMC to develop ita judgment capability with the wmandate to
“formulate plans and programs for the management of each resource,
{dentifying permitted users, locatfon, protection weasures, etc.” The
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statute directs the CRMC to focus its attention on a specific list of
activities and areas for which it was given jurisdiction:

a. Power generation and desalination plants.

b. Chemical or petroleun proceasing, transfer or storage.

cs Minerals extraction.

d. Shoreline protection facilitfes and physiographic features.

e. Intertidal salt parshes.

f. Sewage treatment and disposal and solid waste disposal
facilities.

Ioplied in this atrategy 1s the belief that planning methods could be
eaployed to generate consensus on goals, conduct research on problems,
analyze alternative policies and produce a plan that the CRMC would
{mplenent through regulation and coordination. However, the Rhode
Island General Agscmbly did not establish a time deadline for carrying
out this planning process nor did it fnstruct the CRMC on how to carry
out the multiple roles of policy making, regulation and enforcement.

In contrast, the San Francisco BCDC was given just four years to develop
a Bay master plan and to develop an implerentation strategy. At the
same time, the BCDC was glven the authority to regulate dredging and
f111ing, and directed to incorporate public access in all approved
projects. As a result, the BCDC gained considerable experience in the
practical problens of implemcmting new bay protection policles while it
wag wricing the plan. In 1969 the BCDC proposed to the California
legislature that it be provided with permanent authority over a limited
number of areawide problems including filling and dredging and
activities within a 100-foot strip along the immediate shoreline.

The San Francisco plan declared that marine industry, recreation,
conservation and transportation facf{lities were the highest priority
uses of the shore. The plan identified areas to be set aside for these
uses, and declared that bay fflling should be winimized for ecological,
recreation, pollution dispersion and climatological reasons. The BCDC
plar was molded by an intense public review process and met with wide
public acclaim.

The 1969 McAteer-Petris Act tetains much of the content of the BCDC
proposal, creating a permanent BCDC with limited but clear jurisdiction,
purposes and policfes. The BCDC was to minfmize future filling of the
estuary allowing f111 only when public benefits outweighed detriments,
and only for water orfented uses. Outside of these priority zones, the
BCDC was authorized to deny a permit only if a project failed to provide
maxinum feasible public access. If the BCDC did not complete action on
an application within 90 days, the project received automatic approval.

(2) Funding

A crucial diffcrence between the BCDC and the CRMC pertains to financial
resources over time. As Figure 1 shows, both agencies recelved peak
levels of funding (in real 1984 dollars) duc to grants from the Federal
Office of Coastal Zone Management in the late 1970s. In the 1980s the
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FRANCISCO BAY COASTAL PROGRAMS, FISCAL YEARS
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San Francisco BCDC maintained its budget at $1.3 million, which is threc
fourths of its peak level. This is a reflection of the strong state
support for the program. However, total funding for Rhode Island's
coastal management program dropped from $2.1 to .5 million in the same
period, largely due to the decline in federal funds, which was not
offset by an increase in state funding. In the 19808 the CRMC 13
required to handle f{ts growing workload with just one third the funding
level of the late 1970s.

(3) Policies and Plans

Both the BCDC and CRMC conducted planning and policy development
simultaneously with their respective regulatory programs. The creation
of the permanent BCDC was predicated on four years of regulation prior
to an adopted plan. The basic issues for the agency control of filling
and increasing public access were formulated early on by citizens and
becane the dominant theme of the plan and permanent legislation as well.
The specific use designations and decision making criteria were a major
portion of the first plan, and received legislative approval.



BCDC's legislative mandate fell far short of an {ntegrated regional
decision making structure. Indeed, BCDC supporters saw this narrow role
as a cornerstone of its strength. Since 1969 the BCDC has gradually
expanded its jurisdfction, adding jurisdiction over the Suisun Marsh in
1976, adopting a public access plan in 1979, establishing three special
area management plans and preparing policies for use in the Diked
Historic Bay lands when and if {t recefives legislative authority to
regulate their use. In short, it accomplished a great deal with a very
limited mandate.

The Rhode Island CRMC, on the other hand, did not emerge from a popular
citizen covement. Its mandate was intentionally broad and ecosysten
oriented, which secas ideal from an eanvironmental protection
perspective, but in fact reflected a lack of legislative agreement on
egtuary policy. As a consequence, the CRMC was forced to spend several
years at the problem fdentificatfon, estimation and simplification
stages of policy development. In fact the only clear expectation by the
legislature was that the CRMC was to carry out a regulatory program. It
took the CRMC 12 years to develop and adopt a statewide regulatory
progran of comparable detail to the one adopted by California for San
Francisco Bay in just four years.

The CRMC's first complete regulatory program docuzent, adopted in 1977
and approved by the federal government {n 1978, qualified Rhode Island
for additional federal funds but did not include very many decision
naking rules and criteria so that planning concepts could be
specifically linked to day by day regulatory behavior. Unlike the BCDC,
Rhode Island's planning effort was largely federally funded, making
federal approval of the plan an important igsue. Of great concern to
the federal Office of Coastal Zone Management was the adequacy of CRMC's
Jurisdiction, which was expanded considerably by the 1977 rules. It was
not until 1983, however, that Rhode Island's statewide coastal
regulations were dramatically revised to contain detailed decision
making criteria for 30 different activities in 10 coastal area types
within six different water use designations. The comprehensiveness of
the new rules reflects CRMC's rmuch broader legislative mandate. The
CRMC also adopted two speclal area plans and is currently developing twe
more. Budget cutbacks and tncreased workload played a major role in
prompting the CRMC to adopt the new rules. 1In order to delegate work to
ita shrinking staff, the CRMC had to adopt very specific decision making
rules. It was less concerned about the fact that f{n order to fulfill
its legislative mandate such rules were necessary. In sum, CRMC took
decisive action in response to problems encountered through
iwplecentation, rather than out of a compulsion to fulfill original
legislative expectations.

Outputs of Gover i __The Implementation Experience

The decision to maintain the BCDC as a limited purpose regional
government, and to provide {t with a strong staff and budget,
contributed greatly to fts widely regarded success in stopping net bay
€111 and increasing public access. The regulatory program alone secured
about 600 acres of new public access between 1969 and 1985. The BCDC
and its staff took advantage of the four years of regulatory experience
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during development of the plan to specify detailed decision making rules
which had changed little in 16 years, as well as to create an expert
design review board to make judgments about what maximum feasible access
rmeant in specific cases. The BCDC also developed mitigation rules to
facilitate decisfons on projects where filling was required, and keeps
its own scorecard of net bay arca reclaimed. The BCDC exhibited a
rerarkable stability in its budget, since it is largely state funded.
Its regulatory decision making activity has also showed great stability,
growing slowly from 87 to 150 permits per year between 1971 and 1984
(Pigure 2). Fewer than 30 permits per year require the actfon of the
BCDC {tself.

Over the long term, however, the limited jurisdiction of the BCDC
threatens to underaine its relevance as a bay governance institution,
since najor Issues concerning recreation, water quality, fresh water
flow and wetland control remain beyond fts direct responsibility and
control, forcing citizens to turn their attention to other decision
making institutions such as the California Water Resources Control Board
(Davoren, 1982).

The Rhode Island CRMC was required to utilize staff assigned from
several agencies and the University of Rhode Island to carry out its
regulatory program and planning. Initfally, it was given virtually no
funding by the state legislative, and often-tices state funding has been
such lower than the BCDC. As with other Rhode Island envitronmental
progracs, federal funds and requirements dominated the coastal program.
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FIGURE 2
PERMITS ISSUED BY THE RI COASTAL RESOURCES
MANAGEMENT COUNCIL AND THE SF BAY CONSER-
VATION AND DEVELOPMENT COMMISSION 1971-1985
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In the period 1979 to 1984, the number of peraits issued grew from 313
to 591 most of which were handled administratively by a shrinking staff
(Figure 2).

However, between 1971 and 1985 the CRMC's administrative, planning and
regulatory staff remained gcattered among several agencics. The 1983
statewide coastal regulatory program, written largely in response to
these staffing problems, was soon followed by a tremendous upsurge in
coastal development activity that placed an enormous stress on the
adninistrative apparatus of Rhode Island coastal management.

The CRHC itself continued to vote on 100 cases per year, even after the
1983 program, but in 1985 this represented only 17 percent of all
permits {gsued under its regulations. More than 70 percent of the
coaatal program's regulatory actions continued te be for small
residential related projects. In fact almost two thirde of the cases
that the CRMC hold hearings and voted on pertained to requests for
variances to regulatory standards on small projects.

Governance Institutions and Estuary Management

The CRMC and BCDC represent two different expericnces in adaptive
implementation. The BCDC was created to address a few, simple, casily
defined problems emerging out of a complex set of concerns facing San
Francisco Bay. The BCDC has slowly expanded its jurisdiction in
response to continuing pressure for action on these other issues, and
keeps careful tract of its progress fulfilling {ts mandate. Other
agencies have emerged in the bay region which are responsible for
pollution control, recreation and fresh water which are not primarily
concerned about bay iagues.

The CRMC, on the other hand, was given an enormous mandate, reflecting
the Rhode Island legislature's desire to take some action. However, it
provided the CRMC with lictle policy guidance and certainly little
funding. As a result, the CRMC was forced to sioplify its task by
focusing on procedural issues and took longer to learn froa its
regulatory activity about the need for decision rules and criteria. The
openncas of its planning and regulatory programs provided crucial
feedback on this problem, even though the CRMC was not keeping tract of
development and its oun activities.

During its first fifteen years the CRMC has had to grapple with the
problen of reconstructing its wide range of planning activities and
ecosystea-oriented regulatory povers into a form that would be
understandable to the public. In revising its regulations in 1983 to
include water area use designations, and in preparing spccial area plans
the CRMC engaged in a learning process relylng upon public involvement
and the cooperation of state and local agencies to develop specific
policies. In the terms of Mazmanian and Sabatier (1983) these swings of
success and failure in implementation represents a rejuvenation
scenario. The CRMC is now in a downward swing threatened by inadequate
funding to carry out its regulatory and planning functions.
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The BCDC has stayed close to its original narrow mandate, which bhas
proven highly successful (Berke, 1983). Howcver, it has slowly expanded
its relationship with other agencies, as well as gradually increased its
authority. This exemplifies an incremental implementation scenario in
which new actions are carefully built upon earlier successes, avoiding
the turbulence which can threaten to completely undermine a governance
effort .

Both experiments in estuary governance indicate that successful
inplementation must be viewed in terms of how institutions respond to
challenges over time and whether they can adjust their policies and
behavior during the implementation process. Both the CRMC and BCDC
exhibit different, but in their own way, successful adaptive behavior,
in which their original charge is mod{fied to match actual problems and
conditions. CRMC was forced to narrow {ts objectives, while the BCDC
has gradually ecxpanded. The challenge for i{mproving estuary management
lies in reducing the period of time and amount of effort required to
make such changes and adjustments in the self-correcting behavior of
government institutions.
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Introduction

Nutrient control has become a commonly used measure to teverse
eutrophication for many estuaries in the United States. While nutri-
ent control will reduce nutrient loads to an estuarine system, it is
not clear to what extent that locad reductions will impact the water
quality of the estuary. For example, a phosphorus control program may
only rcduce phosphorus concentrations but not necessarily the phyto-
plankton biomass. The nutrient effect on phytoplankton, therefore, is
a marked contrast to other types of water quality problems where
reductions in {input load (as in BOD reduction) can generally be
congidered as being advantageous. GCiven the expensive nature of
nutrient control programs, it 1s wise to evaluate various control
alternatives prior to selecting and implementing one. Estuarine water
quality models are useful tools which can be used to evaluate control
alternatives and assist decision-making 1in establishing a sound
nutrient control strategy.

In this paper, two estuarine modeling studies are presented to
demonstrate the use of models to puide nutrient controls. The first
study uses a one-dimensional tidally averaged steady state model for
the upper James River Estuary in Virginia. 1In that atudy, phytoplank-
ton growth and nutrient dynamics are approximated as a seasonal cvent,
an approximation particularly valid under surmer low and steady flow
conditions. The model was used to evaluate point source phosphorus
control alternatives in the James River Basin and assess the water
quality impacts by comparing the reduction of summer peak chlorophyll
a levels in the estuary.
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The second modeling study is development of a model for blue-
greens algal blooms in the lower Neuge River in North Carolina. The
study arca is a tidal and estuarine portion of the river with repeated
blue-green algal blooms during the past decade. Spring/suzzer/fall
blooms at times coat the river with green paint-like blooms. The
water quality model developed includes four different algal groups
(diatoms, greens, non-nitrogen fixing and nitrogen fixing bluc-graens)
in addition to nutrients and dissolved oxygen. Scasonal variationa of
phytoplankton nutrient dynamics are simulated on a tidally averaged
tize-variable bagis. The wodel is able to nimic the obgerved phyto-
plankton growth in 1983, 1984, and 1985 with different hydrologic
conditions. Based on the modeling results, a hypothesis for the
initiation and maintenance of blue-green blooms has been developed.

Evaluating Phosphorus Controls in the James River Basin

Concerns on accelerated cutrophication in the Chesapeake Bay and
its tributary estuaries (Figure 1) have been widespread in recent
years. One of the control alternatives to reverse eutrophication is
reduction of point source phosphorus loads (primarily from municipal
wastewaters) to the Bay. The James River basin in Virginia contri-
butes a significant t of phosphorus loads to the Bay, ranging
from 24 % to 36 X (Figurc 2) depending on the hydrologic conditions
(Lung, 1986a). One of the reasons that the James River basin has such
a high phosphorus input is that none of the publicly owned treatment
works (POTWs) in the basin currently practice phosphorua removal. In
addition, there 1s no other form of nutrient contrel existing in the
James River basin. As a result, approximately ISX to 30% of the total
phosphorus loads to the Bay, again depending on the hydrologic condi-
tions, are from the POTWs in the James River basim.
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In the past few years, point scurce phosphorus control programs
at POTWs have been contemplated for the James River basin as part of
the overall effort to control eutrophication in the Chesapcake Bay.
The foremost question raised by any phosphorus control program is:
vhat response, in terms of phytoplankton biomass levels, can be
expected as a result of phosphorus control programs?

A modeling study was conducted to put this question into perspec-
tive through an analysis of the most recent water quality data and
through a series of mathematical modeling simulations designed to show
trends in peak phytoplankton biomass levels in the upper James River
Estuary as a function of alternative loading scenarios. The study
employed an existing water quality wmodel of the upper James River
Estuary to asgsess the water quality impacts of potential point source
phosphorus control programs.

Stnce a detailed presentation of the model results can be found
elgewhere (Lung, 1986b), only the salient features of the model
results are summarized in this paper. Figure 3 shows the wmodel
calibration using two recent data sets collected in 1983. The model
calculations match the observed data reasonably well. Subsequent
nodel sensitivity analyses substantiated the caltbration (Lung,
1986b). Note that the relatively higher flow in July slightly reduced
the nutrient concentrations as compared with the September concentra-
tions. Purther, the July condition (associated with an average
freshwater flow of 2,200 cfs near Richmond) supported a phytoplankton
biomass peak near river mile 70 while the September condition (at a
lower freshwater flow of 1,100 cfs) moved the peak further upstream to
river mile 7?5 (see Figure 1).
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Next, the queation of nutrient limitation can be explored uging
the calibrated modol. Neither nitrogen nor phosphorus were limiting
the growth rate since the Michaelis-Menton limitation ratios were
found to be close to 1.0 (no reduction in growth rate). The results
indicate that nutrients are in sufficient supply in the upper Jazes
River Estuary to initiate phytoplankton growth reaching modest peak
chlorophyll a levels. At the same time, high turbidity in the estuary
prevents further growth by limiting the light avaiflable for algal
growth (Lung, 1986b).

A number of phosphorus control alternatives for the POTWs in the
James River bagin were evaluated using the calibrated model. They
ranged from phosphate detergent bans in the basin to phosphorus
removal at POTWs. It is expected that phosphate detergent bans would
reduce phosphorus levels at POTWs about 15-25%, depending on the
characteristics of the localities (Lung, 1985). The POTW effluent
phogphorus concentrations considered in the phosphorus removal scenar-
ios are 2 mg/l, 1 ug/l, 0.5 mg/l, and 0.1 mg/l, respectively. The
model projection runs were conducted at the 7-day 10-ycar low flow
condition associated with a water temperature of 28°C. The model
projections results, which are summarized in Figure 4, indicate that
under the 7-day 10~-year low flow conditions, phosphate dctergent bans
are expected to reduce the peak chlorophyll a levels in the James
River Estuary from the existing 70-79 u g/l to 61-72 ug/l. Greater
reduction of chlorophyll a levels may be achieved by removing phospho-
tus at POTWs. Phoaphorus removal would reduce the peak chlorophyll a
levels by 50% if a phosphorus limit of 2 mg/l is applied. Additional
reduction in peak chlorophyll a levels may be achieved with effluent
1imits of 1 mg/l, 0.5 wg/l, and 0.1 mg/l. That is, phosphorus linita-
tion starts to show under the phosphorus removal scenarios.

Under the phosphorus removal scenarios inorganic nitrogen (NH,,
NO2 + uo_.*) would increase in the downstream direction because they

would not be utilized by the reduced algal biomass. This result
raises an interesting question: would phosphorus removal cause
nitrogen increase and associated algal growth in the lower estuary and
the Chesapeake Bay? A related nanagement question 18 whether dual
control of nutrients is
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Modeling Blue-Green Algal Blooms in the Neuse River Estuary

Questions arising during considerations of management options for
controlling eutrophication in the Neuse River Estuary (Figure 5) have
included:

* Would major reductions of nutrient (nitrogen and/or phosphorus)
inputs (either from point or nompoint sources) to the Keuse
Estuary help to control further eutrophication and, specifically,
arrest the occurrence and persistence of nuisance blue~green
algal blooms?

° What magnitude of nitrogen and/or phosphorus input cutbacks are
required to control and ultimately climinate the nuisance blue-
green algal bloom potential on the Neuse Estuary?

To help address these questions, a mathematical wmodel of the Neuse
Estuary has been developed. The modeling effort focuses on the
understanding of the mechanisms initiating and sustaining algal blooms
in the Reuse Estuary.

Figure 6 shows the model segmentation, mass transport, model
variables, and kinetics. A complete description of the model design
can be found in another document {(Lung and Pacrl, 1986). The wmedel
has been calibrated using data collected in 1983 and 1984, Due to
spacc constraints, only the results of 1983 calibration are presented
(Pigure 7). Both model results and observed data indicate that ortho-
phosphate ia always in ample supply for algal growth throughout the
year. Nitrogen supply preceding the algal blooms appears sufficient.
During the bloom pericd, ammonia and nitrate levels are reduced
significantly. The two-layer mass transport pattern reproduced
temporal and spatial salinity discributions very well, suggesting that
the mass transport pattern is valid. Figure 8 presents a close
comparison between calculated and measured chlorophyll a levels in
1983 for four different groups of phytoplankton. Non-nitrogen fixing
blue-green algae are the dominating group. Diatons are dominant
during early spring but are progressively replaced by the blue-greens
during the blooms.
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The factors affecting blue-green algal blooms im the Neuse
Estuary can be summarized to examine the potential of blooms. River
flow 1s considered one of the key factors affecting the establishment
of a blue-green algal bloom. Its effect was clearly demonstrated
in 1983 when summer months were characterized by low flows and warmer
than usual temperatures. Physical conditions such as low flow, high
sunlight, and low wind speed led to periods of thermal stratification.
As a rosult, blooos rapidly developed, proliferated and persisted in
the Heuge Estuary. Significant blue-green algal blooms were observed
in July and Auguat 1983 (Figure 8). Nutrient loads provided by the
spring runoff in 1983 resulted in ample supply of nutrients for the
growth of the bluc-green algae and other algal groups in the summer.
Relatively sufficient nitrogen concentrations throughout the year
resulted in persistent dominance by a non~-nitrogen fixing genus,

Microcyatis.
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PATUXENT RIVER ESTUARY
RESEARCH, MODELING AND MONITORING STRATEGY

Michael S. Haire and Nauth Panday
State of Maryland Office of Environmental Programs
201 W. Preston Street
Balimore, MD 21201

For a number of years, environmental scientists, State regulatory officials and
concerned citizens have been actively involved in efforts to restore the Patuxent River
Estuary to the health it once exhibited. Although water quality studies and living resource
investigations have been underway in the Patuxent for over five decades, many of the
previous cfforts have been conducted as independent activities which address specific
regions of the river, specific physical or biological processes, or the impacts of single point
sources of pollution, and many system wide cutrophication problems remain unresolved.
To more thoroughly understand and ultimately reverse the causes of the observed
environmental declines, the Office of Environmental Programs in 1982 initiated a $3
million research, monitoring and modeling program which focused on the following
scientific and management questions.

1. which nutrient(s) should be removed to control eutrophication,
2. where should specific reductions in nutrient loads to the estuary be targeted, and

3. what will the resultant water quality impacts be from the various proposed management
scenarios?

The ultimate goal of the Patuxent program is to develop for the first time a “state-
of-the-art” time variable, multi-dimensional, estuarine water quality model linked to a
basin-wide nutrient delivery model. The requirements for detailed and specific chemical
and physical monitoring and process input data to assure that the model adequately
represents the river and the estuary are being addressed by a number of research and
monitoring efforts.

It is anticipated that the results of the Patuxent research, monitoring, and modeling
strategy will be directly transferable to the Chesapeake Bay and it's other tributaries.

OEP recognizes that the nature of an estuary is such that any response to a
management action will take time to manifest itself. For the Patuxent program to be
successful, it will be necessary to assure that the effort is characterized by a high degree of
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stability and continuity. Furthermore, to maintain the continued support of State
govemment, the public, and especially the scientific community, it will be essential that any
proposed strategy be perceived as technically credible and defensible. This aspect of the
program may present OEP with its' greatest challenge.
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DEVELOPMENT OF A COUPLED HYDRODYNAMIC/WATER
QUALITY MODEL FOR ASSESSING EUTROPHICATION
AND ANOXIA WITHIN CHESAPEAKE BAY
James J. Fitzpatrick, Alan F. Blumberg,
Donald J. O'Connor and Thomas J. Mulligan
HydroQual, Inc.
1 Lethdridge Plaza
Mahwah, NJ 07430
Introduction

In recent years, the environmental health and well-being of Chesapeake
Bay and its tributaries have been stressed by the activities of the
region’s growing population. In a non-stressed estuary there is a
balance between nutrients, particularly nitrogen and phosphorus,
phytoplankton and dissolved oxygen, which provides for a diverse aquatic
population. Due to nutrient enrichment, however, an estuary, such as
Chesapeake Bay, can be subject to phytoplankton blooms and the depletion
of digsolved oxygen. This in turn can severely impact the living
resources of the estuary., Historical records indicate that nutrient
enrichment has occurred within Chesapeake Bay. The upper waters of the
bay and most of the western shore tributaries such as the Patuxent,
Potomac, and the James Rivers, have shown increased levels of nutrients
and phytoplankton biomass (as indicated by chlorophyll-a) and reduced
light transparency over the past 20 to 25 years.

The increases in nutrient levels within the bay are due In part to the
rapid changes in population growth (i.e., point sources of nutrients
from wunicipal and industrial wostewater trcatment facilities), and in
part due to changes in land use practices (i.c., conversion of large
tracts of virgin forest to agricultural crops), in the regions adjacent
to the bay. Management strstegies to address the issue of nutrient
enrichment must take into t the 1 patterns of nutrient
loadings to the bay, the degree to which each contributing source may be
controlled, the rclative coot to fmplement thi{s control, and the result-
ing {improvement {n water guality. An {aportant tool neccessary for
oanagers to make informed decisions concerning these questions {s a
calibrated/verified water quality model of the bay. With such a tool,
relative improvements in water quality may be asgessed for a glven
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nutrient control strategy. This paper presents work in progress towards
developing such a sodeling tool for Chesapeake Bay.

Modeling Framework

The model being developed for Chesapecake Bay {s a steady-state, coupled
hydrodynanic/water quality model. Hydrodynamics plays an important role
in Chesapeake Bay as it affects the residence time and the vertical
distribution of water quality constituents within the bay. The net
longitudinal circulation within the bay in conjunction with the vertical
settling of particulate nutrients and detrital paterfal can act as a
trap for these nutrient forms. Hydrodynamic processes are also
responsible for the vertical stratification within the water column,
which has an important role in the vertical structure of dissolved
oxygen and the vertical migration of dissolved nutrients from the
sedinent. Figure 1 illustrates the varying degree to which salinicy
intrusion and vertical stratification occurs within the bay. Figure |
presents vertical sections of salinity along the axis of Chcsapeake Bay
for the gurmers of 1984 and 1985, years of significantly differing
freshwater {nflows. These data represent two month averages for July
and August. The summer of 1984 with high freshwater inflows was marked
by high stratificatfon, while the summer of 1985 with lower freshwater
inflows was marked by lesser stratification, but a greoter degree of
saltwater intrusion.

It is necessary then, that a water quality model have as inputs accurate
cstimates of the longitudinal, lateral, and vertical velocities and
dispersion occurring within the bay. Therefore, a hydrodynamic model is
an tial p t of the overall wmodeling framework. The
hydredynamic model employed 1s one developed by Blumberg and Mellor
(1983 and 1985). The grid (Figure 2) provides for a coarse threc-
dizensional resolution of the bay and includes its principal nutrient
bearing tributaries. The conservation equations for wmomentum, salinity
and teoperature are solved sizultancously in conjunction with kinetic
energy and energy dissiplation equations. The calculation also includes
a turbulence closure scheme to provide estimates of the vertical mixing.
Variable bottom topography is accounted for by the use of a sigoa-
coordinate system. The hydrodynamic model 1o being verified in a time-
variable mode using observed wind, tidal stage, current, and salinity
data available for the month of September 1983, a period during which
the National Ocean Survey (NOS) had a large field monitoring program in
place. An extensive model/data cooparison indicates that observed
currents and salin{ty arc reproduced to within 20 to 30 percent.

Having verified the hydrodynamic model for Septeaber 1983, the model is
employed in a gteady-state mode to calculate net circulation for the bay
for the summers of 1965, 1984 and 1985, the periods selected for
calibrating/verifying the water quality model. The net circulation is
computed for these periods using two month averages for winds, tributary
inflows, salinity, and tidal amplitude at the mouth of Chesapeake Bay,
An example of the circulation as determined by the model for the suumer
of 1984 s presented on Pigurc 3. Shown here are summer mean surface
and bottom currents, indicating the characteristic density driven
circulation with not seaward flow in the surface waters and net landward
flow in the bottom layer.
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The water quality wmodel enploys the same grid system as does the
hydrodynamic model, therefore, providing easy interfacing between the
two models. Conservation of nass equations for phytoplankton blomass,
particulate and dissolved organic phosphorus, dissolved {inorganic
phosphorus, particulate and dissolved organic nitrogen, ammonia
nitrogen, nitrite plus nitrate nitrogen, carbonaceous BOD, and dissolved
oxygen are golved. The kinetic framework employed is similar to that
used 1in the Potomac Eutrophication Model developed for the U.S.
Environtiental Protection Agency (EPA) (Thomann and Fitzpatrick, 1982)
and builds upon the research efforts conducted in other estuaries within
the Chesapeake Bay region (HydroQual, Inc., 198] and 1986). The
wodeling framework also includes salinity as a conservative tracer in
order to verify that the transport is properly deterained by the
hydrodynanic model. The water quolity model 4is presently being
calibrated using datasets from the summer of 1984 and 1985, periods
marked by significantly different hydrographs and degree of vertical
stratification within the bay. These two years have extenslve water
quality data available as a result of a monitoring program, that is part
of the EPA's Chesapeake Bay Program {n conjunction with the States of
Maryland and Virginia. The sucmer of 1965 is also included In the
calibration/verification effort, since it provides some historical
perspective to changes within the bay, The wastewater loadings from
this period are considerably less due to smaller population.

Nutrient inputs accounted for by the water quality model include
atzospheric loads baged on local rainfall; above fall-line inputs from
the Susquchanna, Patuxent, Potomac, James, York, Rappahannock, Chester
and Choptank Rivers; point source loads from publicly owned treatment
plants (POTWs) and industrial facilities; non-point 8ource runoff
loadings provided from the Northern Virginia Planning District
Cozmission (NVPDC) watershed model; the Atlantic Ocean due to tidal
exchange; and finally loadings from the Chesapeake Bay sedizents due to
sedizent oxygen demand, azmonia and inorganic phosphorus nutrient
releases.

Preliminary Results

Some prelininary results from the modeling effort are presented on
Figures 4 through 9. Shown on these figures are comparisons of model
conputations versus observed field data for various water quality
couponents. The data and model comparisons are for the center tramsect
(Figure 1), the transcct marked by anoxia in the deeper waters of the
bay. Results are shown for five vertical layers, with layer one being
the surface layer, and layer five being the bottom layer. The
Susquchanna upstrean boundary 1s at km = 300 and the Atlantic Ocean, the
downstrean boundary 1 at kn = 0. Model results are illustrated as a
solid line, while field data are shown as a mean plus and minus one
standard deviatfon.

Figure 4 presents a conmparison of the summer averaged salinity versus
model output for the gsummer of 1984. As fs evident from this figure the
principal transport components have been captured correctly as the
comparison between model and observed data is quite favorable, except
for the bottom layer above km 150. The difficulty in this region may be
in part due to the fact that this period was marked by significant
changes in freshwater {nflow from the Susquehanna River and thus, the
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salinity may not be truly representative of steady-state conditions.
The extent of salt intrusion and the vertical structure of the data are
well reproduced.

The longitudinal and vertical structure of dissolved oxygen is {illus-
trated on Figure S. Again, the model performs adequately in capturing
the region of observed anoxia occurring between km 150 and 225 in the
bottom layer, while showing the surface waters to be at or near
saturation. The apparent reasons for this vertical structure in
dissolved oxygen reflects reacration with the atmosphere and oxygen
production by algae in the surface waters and algal respiration and
sediment oxygen demand {n the bottom layers. Figure 6 presents the
algal biomass, as represented by chlorophyll-a, as conputed by the
nodel. A3 can be seen the calculated profile over-estisates algal
biomass slightly in the surface layer for 1984. This discrepancy fis
currently under review. It should be noted however that the observed
chlorophyll levels in the bay (2 to 10 ug/l) are significantly lower
than thogse observed and cowputed in the tributarties (1.e., the Potomac
River shows sucmer averaged maxicma of 75 to 100 ug/l). The tributaries,
however, do not show as severe anoxia as is observed in the bay, perhaps
indicating the significance of the vertical stratification on anoxia.

Of course, 1if nutrient control strategles are to be implemented the
model must also be able to compute the proper distribution of nutrients
within the bay. Figures 7 and 8 illustrate the ability to compute the
distribution of total nitrogenm and total phosphorus. As can be seen the
longitudinal and vertical sgtructure of these nutrients are well
reproduced, including the slight increase in total phosphorus in the
bottom layer. This increase is due to sediment release of inorganic
phosphorus due to the anoxic conditions at the water-sediment interface.

The model can also provide guidance to water quality managers in
selecting the proper nutrient control strategies to follow by providing
indicator variables such as the ratio of dissolved inorganic nitrogen
(DIN) to dissolved inorganic phosphorus (DIP). 1In regions of the
estuary where the DIN/DIP ratio 1is high (greater than 10) then
phosphorus removal strategies will probably have greater impact on
controlling algal growth than will nitrogen removal programs; in regions
where DIN/DIP 18 low, nitrogen removal will have more impact than
phosphorus removal. Figure 9 presenta a comparison of the wmodel fit of
DIN/DIP versus observed fleld data. The comparison is favorable in the
lower portion of the bay, where a nitrogen control program would
apparently be favored, but has some difficulties in the upper portion of
the bay. This discrepancy is under revicw.

Conclusions

The construction of a fully coupled, steady-state hydrodynamic/water
quality model of Chesapcoke Bay and 1its wmajor nutrieat bearing
tributaries is ncaring completion. Prellainary results, presented here,
indicate that model computations are in general agreement with the
obgserved data and account Ffor the coupled interaction between
hydredynamics, chemical and biological reactions and nutrient {inputs.
Additional calibration/verification {s required, however.



This work is part of an ongoing management strategy for the restoration
and protection of Chesapeake Bay. Ultimately, this modeling effort will
lead to the development of a time-variable, three-dimensional model of
the bay to be used for wasteload allocation and nutrient control
nanagenent decisions.
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CIRCULATION MODELING AS AN AID TO MANAGEMENT
OF THE BLUE CRAB FISHERY IN CHESAPEAKE BAY

David F. Johnson, Kurt W. Hess, and Peter J. Pytlowany
Assessment and [nformation Services Center
National Oceanic and Amaspheric Administration
Washington, D.C. 20238

One of the wajor determinants
of year class size and subsequent
cormercial catch for apecies with
planktonic larvee is the degree to
which disperasal by water currents
diminishes or enhances larval
aurvival. Thus an understanding
of larval drift is essential for
an underatanding of the causes of
fluctuations in commercial fish-
eries.

We present here our initial
attenpt to model larval drift of
the blue crab under the action of
tides and winds. In Chesaapenke
Bay, the blue crab, Callinectea

sapidus Rathbun, is the most
important cormmercial species,

according to data on file with the
National Fishery Statistics Pro-
graz of NOAA. Of thoae food
species teken from Chesapeake Bay
waters (excluding menheden, an
industrial species), the blue crab
accounted for 67 percent of the
total weight of the commercial
catch and 49 percent of the total
value for 1984. Our ultimate goal
is to develop a wmanagement tool
capable of forecasting the abun-

dance of the blue crab and other
selected species that are import-
ant to the Chesapeake Bay econoay.

Larval Dynamics_of the Blue Crab
Gravid adult females from all
regions of the Bay migrate to the
lower Bay and congregate in the
vicinity of the Bay oouth before
spring (Churchill, 1919). Peak
hatching occurs during July and
August, and highest concentrations
of newly hatched larvae occur at
night in the neuston (uppermcat 15
ca of the water column) on an ebb
tide, which apparently causes most
of the larvae to drift out of the
Bay (Provenzano et al., 1983).
The duration of this developzental
period is variable, averaging 40
days under cptimum conditions, and
is comprised of eight succeasive
planktonic stagea: the firat seven
are called zoea and the eighth, a
segalopa (Costlow, 1867). The
pajority of the blue crab larvae
are distributed over the imner
shelf where they remain sbundant
in surface waters (McConaugha et
al., 1983, and unpublished data;
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Johnson, 1985). Neither the
sechanisa that causes exported
larvae to return to the Bay, nor
the mechanism whereby surface
drifting larvee may be retained in
the Bay has been documented.

Thus, as a necessary step in the
developzent of a forecast of blue
crab abundance, we must determine
those critical factors of larval
diaspersal which contribute to
successful recruitment to the
adult population. Several hypoth-
eses have been suggested:

1. Some larvae, although hatched
under conditions unfavorsble for
retention, are retained in Chesa-
peake Bay and form the nucleus of
the year clasa,

2. The seagonal wind driven circu-
lation adjacent to Chesapeake Bay
is favorable for return of the
late stage larvae to the vicinity
of the Bay mouth and larvee re-
enter the Bay with (a) wind indu-
ced surges into the estuary, (b)
the net inflow of waters on the
northern edge of the Bay wmouth, or
(c) bottea waters having a net
inflow to the Bay, carrying late
stage larvae or juvenile crabs
repositioned near the bottom.

3. More than one of the above
cechanisns may apply, and their
relative importance say vary frea
year to year.

0b jectivea

Our first objective is to
cambine a three dizenaional
circulation nodel with a Lagran-
glan drift model that incorporates
the behavioral attributes of blue
creba. Our second cbjective is
to sioulate surface drifting
larvae with 1980 data, allowing us
to evaluate hypotheses 1, 2a, and
2b for one geason. Hypotheais 2¢
will be evaluated in the future.
A third objective is to compare
the results of the model simula-
tions to field distributions
observed by McConaugha et al.
(1983, and unpublished data)
during the same period.

Circulation Model

Surface water currents for
the larval drift simulation are
supplied by a numerical circula-
tion model (Hess, 1986). The
zodel sizulates three-dimensional
flow due to tides, winds, river
diascharge, and denaity gradients
in Cheaapeake Bay and the local
continental shelf. At each grid
cell in the mesh (Fig. 1), the
model computes a water level, and
at 10 levels in the vertical it
calculates horizontal velocities,
vertical velocity, salinity and
temperature. The model was de-
signed to simulate the circulation
in a bay-shelf syatem with tirce
scales in the range of a few
ainutes to several months, and
space scales of several kilameters
to a few hundred kilozeters.

Water currents in the circu-
lation codel are computed by
deconposing velocity into external
(vertically-averaged) and internal
(total velocity minus external)
modes to conserve computer time.
The external mode flowrate and
water levels are computed impli-
citly along grid rows each time~
step, and the internal mode hori-
zontal velocities, salinities and
temperatures are computed impli-
citly over the vertical. These
implicit techniques help avoid
numerical instability. The ver-
tical velocity is computed expli-
citly from the continuity equa-
tion. A dipensionless vertical
coordinate is used to follow the
bathymetry. The model equations
incorporate variasble-width chan-
nels, so the gridmesh represents
rivers on a scale smaller than the
grid size (11.2 kilometers). This
size was chosen to provide at
least minimum accuracy in the Bay
and its oouth, but to limit the
nmber of cells representing the
continental shelf.

The oodel’s turbulent flux
parazeterization is based on
pixing length theory. Vertical -
zass and cozentun diffuaivities



Figure 1. Geography of the study area showing the medel gridmesh
(11.2 x 11.2 km), oceanic boundaries, and river inputs.
Note river grid cells simulate flow conditicns and only

approxinate the geography.

are generated at each level as the
product of a scale length, the
local vertical shear in the hori-
zontal velocity, and a density-
dependent reduction. The hori-
zontal diffusivity is dependent
upon lateral shear in the exter—
nal-mode velocities.

Offshore water level boundary
conditions for the model grid ere
denerated from the National Ocean
Service's (NOS’s) series of high
and low water predictions for
Haopton Roads, VA, for the period
26 June - 31 October, 1980. Tabu-
lated values are normalized to the
series mean, multiplied by an
empirically determined function,
and offset in time to approximate
deep water tides. Lateral boun-
dary water levels are aset by
applying @ radiation condition
based on Riesann invariants.
Offshore salinities and tespera-

tures are set with climatological
data when available. Winds at the
water surface are specified froa
the boundary layer winds forecast
twice daily by the National
Weather Service’s Limited-area,
Fine-nmesh Model. Model winda are
corrected by a regression equation
to approximate 10-meter winds at
Norfolk, VA. Daily river flowrate
values for the period of sioula-
tion are set with Geological
Survey records. Water temperature
and salinity data proved to be
difficult to obtain for this time
period, so the model was run with
constant density.

The model's frictional coef-
ficients were firat calibrated by
driving the system with a mean
tide, and then comparing modeled
mean tidal ranges, tize lags, and
current speeds with the KOS's ob-
servations. Verification studies
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Figure 2. Circulation model currents (dashed lines) and inter-

polated National Ocean Service current predictions (solid
lines), at entrance to Cheaspeake Bay for 1-6 July 1980.

are ongoing; to date, modeled
tidal currents in the Bay mouth,
in the sbgence of winda, are close
to NOS predictions (Fig. 2).

Larval Deift Model

We developed a Lagrangian
drift zodel to be used in conjunc—
tion with the above three-dizensi-
onal circulation model. This
larval drift model is izplemented
as a collection of subroutines
called by the circulation model.

The initial positions of the
drifters wmay be anywhere within
the circulation wmodel’s grid
system (Pig. 1). At the end of
each timestep of the circulation
model (one time atep = 6 minutes),
the drift zodel calculates new
positions for each drifter by
numerically integrating over time
the velocities calculated by the
circulation wodel. The drift

model interpolates the u and v
coxponents of velocity within and
between grid cells and cozputes
the drift displacesent; hence
drifters within a single grid cell
may have different trajectoriea.
The velocity regime at the new
positiocn is compared to that at
the old poaition end if a dif-
ference exists, an iterative
procedure recalculates the dis-
placezent at regular {ntervals
along the path. This feature
accomzodates curved trajectories.
Also, drifters are prevented from
approeching closer than 10 meters
of a land-water boundary. Drifter
positions may boe resolved to
within one centimeter. A complete
deacription of this modeling ap—
proach, along with initial tests,
appears in Johnson et al., 1986.



Figure 3. Surface drift was
tracked by 25 drifters placed
in each of four grid cella of
the lower Cheoapeake Bay.
Shown enlarged froam Fig. 1.

Simulations of 1380 C tions

Because the mean and variance
of the locations of gravid females
in the Bay mouth is presently
unknown, in this sisulation 100
representative drifters were dis-
tributed evenly (25 per cell) over
four cells of the circulation
model grid near the Bay mouth
(Fig. 3). The drifters were
confined to the surface layer to
conforn to cabserved vertical
distributions of blue crab larvae.
After a spinup of five days, the
siculation began for 1 July 1980.
The drifters were tracked for 40
daya, and on 9 Aug 1980 of the
simulation, the positions of the
drifters relative to Chesapeake
Bay were determined. An addi-
tional drifter (for a total of
101) with an initial position
northeast of the Bay mouth was
also tracked. A total of six
hatching dates (the first and
fifteenth of each oonth from July
through Septesber 1980) followed
by larval drift periods of 40 dayn
were ecach simulated with sets of
101 drifters.

Resulta

The percentages of drifters
retained or returned to Chesapeake
Bay after & 40-day simuletion of
drift are listed for each starting
cell (Table 1). The percentages
of rvetained and returnmed larvae
varied greatly among these start-
ing cells. The NBR grid cell had
the highest, while the SB cell had
the lowest percentages. In ad-
dition, the percentages varied
with hatching date.

Table 1. The percentage of drift-
ers from each starting grid
cell within Chesapeake Bay at
the end of each of six 40-day

sinulations.
Starting Grid Cell
_Date NE MW SN SR
1 Jul 84 36 0 12
15 Jul 56 72 0 0
1l Aalg 100 68 8 q
15 Aug 86 100 44 8
1 Sep 56 52 a 0
15 Sep 80 100 40 0

The drift tracks of three
drifters, representative of the
101 sizulated, are plotted for the
period of peak sbundance of larvae
(Fig. 4). Drifter positions are
plotted at five day intervals to
ghow locations at the approximate
beginning of each succeasive
larval stage. Thus, the location
of a given atage of the sizulated
larvee may be coopared to distri-
butions obaserved in the field.

In this simulation, drifters
which left the Bay and returned,
did not travel far from the Bay
mouth (i.e., less than 5-10 km).
Conversely, drifters which tra—-
veled farther than 5-10 k= did not
return to the Bay, and at the end
of a 40-day drift simulation were
approximately 50-65 Ilm offshore.
The track of an additional drifter
with a starting position northeast
of the Bay mouth was also plotted.
This drifter was not returned to
the Bay in any of the six 40-day
sinulations of thia atudy.
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Discuasion

The results of these sioula-
tions indicate that rathker szall
differences in the point of hatch-
ing lead to large differences in
the paths of driftera and their
retention in or return to Chesa-
peake Bay. The majority of drift-
ers from sioulated hatches in the
northern grid cells of the Bay
pouth were retained in the lower
Bay. If the present wmodel la
realistic, and if blue crabs hatch
in the northern bay wmouth regicn,
then some larvae are retained in
Chesapeake Bay. Froa field saomp-
les, blue crab 1larvae have been
found to be uncommon in the lower
Bay coopared to offshore areas
{(Sandifer 1975; Provenzano et al.,
19683; Johnson, 1985), suggesting
that the ratio of retained larvae
to larvae dispersed offshore is
spall. This also has been cbser-
ved in Delaware Bay (Epifanio et
al., 1884). Whether or not the
nunber of retained larvae is ade~
quate to sustain some minimun
level of the blue crab population
could be tested with simulations
of B series of year classes and
the results compared to subsequent
commercial catch. Date on the
actual distribution of the gravid
female crabs would greatly enhance
our estinate of the dispersion of
these larvae.

Orifters originating in the
southern Bay mouth region tended
to drift out of the bay and off-
shore in our simulations. The
drifters that disperaed offshore,
and an additional drifter started
adjecent to the northeast Bay
mouth, were not returned to Chesa-
peake Bay, or to the vicinity of
the Bay mouth. These drift paths
are consistent with larval diatri-
butions observed in 1980, although
our aimulations .indicated larvee
drifted outside the range of the
field surveya. Large onumbers of
surface drifting lervae or juve-
niles that could be inferred as
having returned from offshore also
were not observed during field
surveys (McConaugha et al., 1983;

Johnson, 1985). The present
simulations with 1980 data lead uas
to conclude that the cajority of
larvaes hatched in the acuthern
portion of the Bay mouth were not
returned to the Bay by surface
currents, either through (a) wind
induced surges, or (b) the net
inflowing surface waters on the
northern edge of the Bay mouth.
If this scenario is repeated in
sisulations of other years, then
the hypathesis of a passive return
of gurface drifting larvae as a
typical mode of recruitment may be
discounted.

In future sioulations we will
test the hypotheais that megalopae
or juvenile crabs, after sinking
to bottom waters, are resturned to
Cheaapeake Bay with the net inflow
along the bottem. A field survey
during 1980 found 13.6 percent of
all blue creb megalopae along the
bottom where cooler azbient tem-
peratures were measured (Johnson,
1985). Develop t is prolonged,
but survival is somewhat decreased
by aimilar temperatures in the
laboratory (Costlow, 1967); hence,
negalopae that survived the cooler
temperatures would have additional
time availeble (on a scale of days
to weeks) for a return drift. 1f
the juvenile crab atages are the
reinvasive form, then a tizme acale
on the order of months would be
availeble for a return drift. If
this pechaniso is found to be
plausible in our simulationsa, then
interannual variations in both
nuzbers of retained larvae and
nuxbers of larvae returned by bot-
tom curreats could be cozpared.

Summary

We have developed a model
which simulates the paths of
drifting blue crab larvae in the
region of Chesapeake Bay. In the
present asimulations, larvae that
hatched in the northern Bay mouth
region were retained in the Bay,
although field surveys indicate
the number of larvae in that
region to be small in compariaon
to offahore. Sizulated surfaca
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drifters that dispersed offshore
were 50-65 I offshore at the end
of 40 days, and were not returned
to Chesapeake Bay. In considera-
tion of these saimulations, and
field deta indicating 13.6 percent
of wmegalopae in bottom waters
(Johnson, 1985) with the likeli-
hood that development times are
prolonged for those individuala,
we will next teat the hypothesia
that blue crab larvae that are
dispersed offahore may be returned
to the Bay by inflowing bottom
waters. If recruitment from off-
shore occurs, our present simula-
tions indicate it wmay be supple-

mented by larvae retained in
Chenapeake Bay. If 90, the
relative ioportance of larval

retention and return from offshore
may vary from year to year.

Anozalous current patterns in
the Chesapeake Bay mouth region
have the potential to influence
blue crab ebundance one to two
years later; thus, knowledge of
larval drift and refinements of
these sinulations may asssist can-
agers to: 1. forecast future har—
veats, 2. develop or refine man-
agezent strategies, 3. asgess
potential impacts of aevere
weather and climatological chan-
ges, and 4. identify optinun
locations for wmonitoring sites.
This modeling approach is applic-
able to additional Chesapeake Bay
species, and also nay be adapted
to other geographic regions, such
as North Carolina’s sounds.
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MODEL STUDY OF EUTROPHICATION
IN VIRGINIA'S POTOMAC EMBAYMENTS*

Carl F. Cerco, Albert Y. Kuo, and Paut V. Hyer
Virginia Institute of Marine Science
College of William and Mary
Gloucester Point, VA 23062

Intxeduction

The Potomac Ecbayments are a scries of seven tidal freshwater
exzbayments located on the Virginia shore of the Potcmac River in the
vicinity of Washington, D.C. The ewbaywents are Fourmile Run, Hunting
Creek, Little Hunting Creck, Cunston Cove, Belmont-Occoquan Bays,
Neabsco Creek, and Aquia Creck. The ccbayments are on the order of 5 km
long, 1 km wide, and 1 to 2 m deep. Bach receives waste discharges from
one or moro wunicipal waste trcatment plants. The embayments are
subject to conditions associated with advanced cutrophication including
wide diurnal dissolved oxygen fluctuvations, depleted disaolved oxygen,
nuisance algal bloouws, and elevated pH. In response to poor water
quality in the ecbayments, the Commonwealth of Virginia emacted a series
of "Potooac Ezbayment Standards" which specified wter quality goals to
be met in cach exbayment. The standards are:

Minicum Instantaneocus Dissolved Oxygen 4.0 ppn
Minioum Daily Average Dissolved Oxygen 5.0 ppm
pH range 6.0 to 85

The standards were to be attained by the enforcement of effluent
limitations. Concentrations in the waste discharges were limited to:

Five-Day Biochemical Oxygen Demand 3.0 ppa
Unoxidized Hitrogen 1.0 ppa
Total Phoophorus 0.2 ppa

Despite the best of intentions, no quantitative evidence was available
that enforcement of the limitations would bring about compliance with
the standards. In order to supply the missing information, the "Potomac

*NOTE: Contribution #1380, Virginia Institute of Marine Science.
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Egbayments Study" was commissioneds. The objectives of the study were to
collect comprchensive observations of conditions in each embayment and
to apply predictive mathematical models which could be used in the
foroulation of water quality plans for each exbayment. Results of the
study are detailed in references 1 to 7 and are summarized in the
reeainder of this paper.
The Eield Pxograam

Heasures of bathymetry, tide range, and current velocity were
collected at several locations in each embayment. Each embayment was
oub ject to one or more intensive water quality surveys. The surveys
lasted 26 hours and were designed to provide information on the diurmal
and tidal variations in water quality. At one or two-hour intervals,
measures of nitrogen, phosphorus, chlorophyll, dissolved oxygen, and BOD
were collected. Sinmultaneous with the water quality osurvey, a dye
dispersion study was conducted in order to obtain data on the flughing
characteristics of each cubayment. For one season in each cmbayment,
slackwater water quality surveys were conducted at two-week intervals
from June to October. The slackwater surveys were intended to provide
informaotion on the effect of teoperature, streamflow and similar
variables on water quality. Sediment-vater fluxes of oxygen and
nutrients were measured and these meacures proved crucial to the success
of the study. Finally, several backup slackwater surveys werc conducted
in years subsequent to the initial series of surveys in order to
ascertain that the conditions previously cbserved were consistent from
year to year.

Ihe Model Program

Hydrodynamics and water quality were modelled separately in the
majority of the embayments. A "real-time" hydrodynasic model which
provided predictions of volume, flow, and dispersion was applied to each
ecbaypent. The model was calibrated and verified using the cboervations
of tide range, current velocity, and dye dispersion. The hydrodynanmic
nodel supplied data to a "real-tize™ water quality model which provided
predictions of the concentrations of eight conatituents: aomonium,
nitrate, organic nitrogen, phosphate, total phosphorus, chlorophyll,
carbonacecus biochemical oxygen demand, and dissolved oxygen. The water
quality nodel was calibrated based on cbservations collected during the
intensive survey and verified using data from the slackwater surveys.
Beviey and 4pplication Process

All aspects of the Potemac Exbayments Study were reviewed by ataff
of tho U.S. Environmental Protection Agemcy, by staff of the Virginia
State Water Control Board (VSWCB), by a consultant to the VSWCB, and by
congsultants to the municipalitico discharging to the ecbaymento. One
purpose of the review process was to obtain agreement by all parties on
a oingle model. Otherwise, individuals might have developed competing
models and disputed the applicability of each one. A second purpose was
to insure compatibility of the embayment models ond a larger Potomac
Estuary Model (PEM). One intended use of the embayment models was to
supply PEM with predictions of pollutant export from the ecbayments.
PEM vas to be used to supply boundary conditions for the embayment

models. Finally, the review process detected errors and deficiencies in
the initial drafts of the model studies.



Pinal application of the models and wastcload allocation were mot
perforued by the Virginia Institute of Marine Science (VIMS). BRather, a
consultant was retained by the VSWCB to perform these functions.
Application by a consultant allowed VIMS, an educational and reasearch
institute, to remain meutral in any controversy which might arise during
wasteload allocation. The consultant also provided a final check on the
integrity of the modela. The review and application process dalayed the
coupletion of the study years beyond the expected date, however. For
exsople, the field program in Hunting Creek was conducted primarily
during 1979. The draft report was delivered in 1981. Review and
revision delayed printing of the final report until 1983, The model is
being applied by the consultant in 1986 and the application process will
likely continue until 1987.

Resulta

Oboervations indicated that not all ecbayments were subject to the
same water quality prebleas. Model semsitivity analysco imdicated that
poor water quality would not always respond directly to control of
wagteloading. Awmong the factors which affected water quality were the
following.

Sedi s 1

In the absence of point sources, bottom sediments supplied
sufficient nutrients to support algal blooms in some embayments. In
Gunston Cove, for example, sediments alone supplied sufficient
phosphorus to maintain a concentration approaching 0.1 mg/L in the
overlying water. Concentrations of this magnitude are 10 to 100 timoes
the concentration commonly accepted as necded to support algal growth.
The implication of this analysis is that algal blooms will persist in
Gunaton Cove unless the sediment reservoir of phosphorus is depleted.

Sedicent oxygen demand

During 1979, discharge of oxidiszgble materiasls froom point sources
in Hunting Creek couscd a dissolved oxygen deficit of 1 mz/L at the
location of the sag point. If wasteloading had been eliminated,
violations of Potomac Embayment Stamdarde would otill have cccurred. In
contrast, sediment oxygen demand caused a deficit of 3 mg/L dissolved
oxygen at the sag point. If sediment oxygen demand could have been
elininated, standards would have been met despite the wastewater
discharges.

D ) 1 1ir

The volume of water entering the esbayments from the Potomac during
flood tide is frequently large relative to the embayment volume. As a
result, water quality in some echayments is dominated by conditions in
the adjecent Potomae River. For example, model sensitivity amalysis
indicates control of nutrients discharged into Belzont-Occoquan Bays
will do little to control the algal population unleos the algal
population of the Potomac River is reduced as well.

Exeshyagexr flov

Relatively large volumes of water may also enter the embayments
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fron freeflowing, upland streams and froo the treatment plants. These
voluoes may exert a significant influerce on water quality. Por
exaople, during 1979, the algal population of Gunston Cove grew
exponeatially in Juno then plummeted. A second period of exponential
grovth occurred, followed by fluctuations and a final rapid declime in
population in August. Comparison of tha trends in algal population with
streanflow indicates that growth periods occurred during low flow, when
the reosidence time of the system was large. Precipitous declines in the
algal population occurred during storm events which flushed algae from
the system. During 1979, the algal population of the system was
controlled by streamflow rather than by nutrieats, light, or other
factors.

Conclusions

Obgervations of water quality have been collected in seven Virginia
Potooac Ezbaywments subject to advanced eutrophication. The observations
have been used to calibrate and verify predictive mathematical models of
the cmbayments. The models have been used to examine the factors which
affect water quality in the ezbayzonte. Analyses indicate that not all
vater quality problems are directly related to wastowater discharges nor
will they directly respond to control of the discharges. Among the
fectors which affect water quality are:

Sadicent-water nutrient fluxes
Sediment oxygen demand
Conditions in the Potomac River
Freshwater flow

Continuous review of the field and wodel programs is a necenoity
for o successful program. The review and application processes are
lengthy, hovever, and rapid results arc not likely to be attoined.
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STATISTICAL MODELS FOR ENVIRONMENTAL
MONITORING AND ASSESSMENT

Arthur J. Butt
The Applied Marine Research Laboratory
Old Domtinion University
Nofolk, VA 23508

Data from a series of physical and chemical monitoring programs in
Chesapeake Bay and adjacent coastal waters were statistically
analyzed. The results were used to develop useful management tools
for properly assessing and managing water quality concerns of the
Bay based on sound scientific justification,

A. priori grouping or hypothesis testing was developed and the
appropriate model(s) designed to yield the best interpretive
results. Regression (multiple/multivariate) analysis was employed
to evaluate spatio-temporal patterns. MANOVA  tests helped
characterize similaritfes and differences of parameter patterns
between monitoring sites. Statistical models employing
discriminate analysis and 95% confidence ellipses were used to
visually summarize the data.

Introduction

Chesapeake Bay contains one of the world's largest natural harbors
and houses the largest military port in the world. In addition, the
estuarine systems of the Bay continues to supply a substantial
portion of the nations seafood. Unfortunately, a marked decline in
the water quality and resources of Chesapeake Bay over the past few
decades has stimulated a great deal of interest and concern.

The rapid urbanizatfon and utilization of this estuary and its
associated coastal zone has created numercus potential sources of
pollutants, both point and non-point. Management decisions that
influence both local and regional interests must be prudent, and
employ creative strategies based wupon sound scientific
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justification. This in turn puts a strong burden on the scientific
community to develop proper tools for environmental trend
assessment.,

Various statistical techniques are available to study environmental
trends for purposes of planning and management. Fundamenta) to the
understanding of any related study f{s defining the statistical
strategy(iesg for that particular program. Comparisons are often
made between pre- and post-conditions or control vs. perturbated
systems; however, the sensitivity and “appropriateness® of the
models need to be carefully considered., This becomes increasingly
more difficult when considering large data bases. A. priori
grouping or hypothesis testing is wusually warranted and an
appropriate model(s) designed to reduce data sets into a single
discriminant function summarizing fundamental patterns is often
sought. These groupings can then be tested with whatever degree(s)
of confidence is deemed appropriate.

The wmonitoring of physicochemical and nutrient parameters fs
considered vital to assessing the progress of Best Management
Practices being studied and implemented throughout Chesapeake Bay
and its tributaries. Dissolved oxygen s often viewed as an
indicator of water quality conditions. Depressed oxygen conditions
reported off Virginia Beach, Virginia are considered to be
associated with multi-utilization areas of the resort city. More
important are the monitoring programs that go toward developing a
statistical data base. The challenge s to develop the data for
easy management interpretation. This should include a presentation
of those parameter(s) considered statistically and/or ecologically
significant. The present study was designed to present a few
statistical techniques helpful in evaluating various data sets,
The results from two such studies are presented to provide managers
and rggulators with informatfon necessary to make sound policy
decisions.

Statistical Analysis

Physical and water quality data were evaluated statistically to
determine any significant spatio-temporal patterns. The study
areas and sampling regimes are described elsewhere and will not be
discussed (Alden et al., 1986; Butt and Alden, 1986). The physico-
chemical parameters of interest in this particular review are given
in Table 1, An outline of the statistical approaches reviewed in
this study are shown in Table 2.

Multiple regression analysis was employed to evaluate patterns
related to sampling period, to station effects, to depth effects or
to the interaction between these factors (Butt and Alden, 1986).
When studying parameters that may fluctuate due to seasonal cycles,
it is necessary to know how much (if any) of the variance of each
parameter is related to such temporal effects. Therefore, to fit

the overall temporal tremds, multivariate regression analysis was
employed before spatial patterns were sought (Alden et al., 1986).
A higher order power series of the time effect, for example where
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Field (00, p#, salinity, tecparature)
Pigments (ChYorophyl1 a,b.c: FPhacophytin)
Carbon (voc, coc, poc)

Phosphate-P {TPO\-P, 0P0,-P, 0PO,-P)
Nitrogan (KN, DR, NO,-N, HO,-N, WH,-H)
Stlcates

Total Suspended Solids (1SS}

Table 1. Physicochemical parameters monitored for water
quality conditions in lower Chesapeake Bay.

Regression (KultiplesMultivariate):

- Test spatio-tezporal hypotheses
- Rezove pattarns (j.e. produce residuals)

MANOYA (On Resfcuals):
- Test spatioetemporal hypotheses

Oiscriainant Analysis {Ca Residuals):

- Define those parameters cost responsible for differences
- Yisual presentatfon (95% confidence eliipses

Table 2. Statistical models used to analyze monitoring data.

time or date was taken to the powers of 1, 2, 3, and 4. In order
to evaluate the relative effects of sampling depth (i.e. surface
vs. bottom samples) and site effects, multivariate analysis of
variance (MAKOVA) were employed using the residuals from the
regression models. These spatial water quality patterns tested by
MANOYA were then summarized visually employing discriminant
function (DF) plots. Discriminant analysis defined which
parameters were responsible for the observed differences between
sites, then 95% confidence ellipses were produced on axes
representing the discriminant functions.

Results

The multiple regressfon models for salinity, temperature and
dissolved oxygen monitored for 13 stations off Virginia Beach,
Yirginia in 1984 are discussed (see Butt and Alden, 1986 for the
published data). The major factor influencing dissolved oxygen
{00} concentrations was the vertical stratification between surface
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and bottom rather than the ocean spoil disposal site off Virginia
Beach (Dam Neck Disposal Site) and the diffuser outfalls asscciated
with the sewage treatment plant (Figure 1). Surprisingly, neither
temperature nor salinity were significantly related to the D0
readings during this study perfod. Evidence points to the
Chesapeake Bay plume as the major non-point source of oxygen demand
offshore despite the potential cumulative environmental effects of
the multi-utilization area adjacent to Virginia Beach, Virginfa.

Enveesesse oy AT ANTIC OCEAN 1
'

Arrgatg
D Croon
STATES )

Figure 1. Study area offshore of Virginia Beach, Virginia, U.S.A.

The following results are based on the first 16 months of the U.S.
Environzental Protection Agency (USEPA) Chesapeake Bay Water
Quality Honitoring Program in the lower Bay {Alden et al., 1986).
The station locations are shown in Figure 2. Temporal effects fit

L4 ®
Figure 2. Lower Chesapeake Bay water quality monitoring stations.



by the wmultivariate regression analysfs were very highly
significant; however, the depth-site interaction was not, 5o
station and depth effects were evaluated separately. Most of the
parameters monitored showed seasonal cycles. For example,
temperature, pH and total unfiltered phosphates (TPU) values were
highest in the summer while DO and dissolved and total organic
carbon (BOC/TOC) readings showed the reverse trend. Similar cycles
were reported in summer and early fall for silicates, total
suspended solids (T$5), plant pigments and phaeophytin.

The HMANOVA model indicated significant differences in water quality
conditions with depth. Once temporal effects were “removed,® the
significant site-related trends were summarized using the 95%
probability ellipses for each site plotted on the two discriminant
functions (Figure 3). Stations 1 and 8 both clearly display the
high nutrient values, organic carbon and chlorophylls assocfated
with riverine input. Site 8 bottom waters represent a different
"mix” of nutrients than Site 1, with D0 and salinity readings

ure 3a.
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Figure 3. Confidence ellipses («=0.05) for canonical dfscriminant

score functions describing site-related differences:
a) surface; b) bottonm,

somewhat Jower (Figure 3b). Sites 3, 4, and 5 distinguish the
"marine® influenced group with lowest nutrients, organic carbon and
chlorophylls, and higher salinities. Site 3 surface water quality
appears to have stronger James River influence; whereas, the bottom
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waters from Sites 3, 4, and 5 show a greater similarity. A "mixin
zone" appears to be displayed by the grouping of Sites 2, 6, and
for both the surface and bottom plots,

Discussion

The statistical models presented above yield anticipated results
that can be explained in terms of the hydrography and hydrodynamics
of the lower Bay and the adjacent coastal region. The surface
waters from the Bay mainstem, York and James Rivers (Sites 8 and 1)
mix with seawater in the deep channels of the lower Bay (Chesapeake
Channel - Site 6; Thimble Shoal Channel - Site 2). The lower 00
values reported from the bottenm waters of Site 8, show this to be
the southern extension to the depressed oxygen/anoxic zone reported
to be present along the western shore of Chesapeake Bay (Seliger et
al., 1985), A Jocal gradient appears to exist along Thimble Shoal
from Sites 1 to 3. Due to the estuarine-seawater mixing, the water
quality values at these three sites are significantly different
from each other. The three Bay mouth stations are similar for both
surface and bottom characteristics, although Site 3 is more highly
influenced by the freshwater from the James as described above.

The Bay waters continues to flow offshore, just beyond the
aesthetic beaches of Virginia Beach. Associated with this large
volume of outflow is suspended matter rich in organics and sewage-
associated particulates (Brown and Wade, 1981; Byrnes and Certel,
19813 Gingerich and Oertel, 198l.) These materials from the Bay
plume appear to represent a significant source of bicchemical
oxygen demand reported off the resort city (Butt and Alden, 1986).

A marked decline in the water quality and resources of Chesapeake
Bay has stimulated a great deal of interest and effort in
developing directives to better manage the Bay and its tributaries.
As described above, the proper interpretation and management of the
estuarine and coastal zone necessitates a aultidisciplinary
approach. The overall objective 1is to develop tools to better
understand the complex and integrated dynamics of our coasta)
processes. One of the fundamental tools is the wuse of statistics
for data analysis, interpretation and presentation. Green (1979)
considers a number of statistical methods for evaluating
environmenta) data with a good methodology presented by Sokal and
Rohlf (1969). Fortunately, it is not so important that managers
and/or regulators know the methods for the statistical approaches
but rather become familiar with the variety of techniques available
and their usefulness in evaluating various environmental trends.
The continued monitoring and statistical evaluations of water
quality is considered vital to assessing the progress of the Best
Management Practices for the Bay and its tributaries.
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IMPACT EVALUATION OF ENGINEERING
PROJECTS IN COASTAL/ESTUARINE WATERS

Sandra L. Bird
Environmentat Lab
U.S. Army Waterways Experiment Station
P.O. Box 631
Vicksburg, MS 39180

A, Swain

P.O. Box 631
Vicksburg, MS 39180

The U.S. Ammy Corps of Engineers (USACE) is engaged in a variety
of engineering activities in coastal areas including the design of
structures, modifications of channels and passes, and regulation of flow
frcem inland waterways. Preproject evaluation of potential impacts of
the USACE activities on both the hydrodynamics and water quality of the
waterbody must be made. Changes in water quality is often due to
changes in circulation patterns and detailed knowledge of the system
hydrodynamics is required to succesfully quantify these changes. Use of
computer modeling techniques has become increasingly widespread within
the USACE for evaluation of these project impacts.

WIFM-SAL (WES Implicit Flooding Model with transport), developed
by the USACE at the Waterways Experiment Station (WES), is a powerfui
tool for preproject evaluation. WIFM-SAL solves the two-dimensional
vertically averaged form of the shallow water long wave equaticns using
a three time level ADI finite difference scheme. Computations are
performed on a variable-spaced grid network which allows increased
resolution for computations in critical areas of the waterbody. A
detalled descripticn of the solution technique may be found in Butler
(in preparaticn), WIFM-SAL offers the option of solving the
two-dimensicnal transport equaticn using a three time level explicit
scheme or a forward time scheme with flux corrected advective transport
{Schmalz, 1985). Transport computations may be performed simultanecusly
with the hydrodynamic calculations or hydrodynamics may be written to a
file and the transport model used as a standalone code on the same or a
subset of the hydrodynamic grid. The utility of this model can be
illustrated by its application in the evaluation of the potential
transport changes due to the proposed expansion of an existing Confined
Disposal Facility (CDF) located in the southern end of Green Bay.
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