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RECAP: A TOOL FOR EVALUATING CALIFORNIA’S COASTAL
MANAGEMENT PROGRAM

Tania Pollak & Allyson Hitt, California Coastal Commission

Coastal Management in California

The California Coastal Act of 1976 establishes the primary framework for
management of coastal resources in the state.  The overall objectives of the
Coastal Act are to:

a)  Protect, maintain, and where feasible, enhance and restore the
overall quality of the coastal zone environment and its natural and
artificial resources.
b)  Assure orderly, balanced utilization and conservation of coastal
zone resources taking into account the social and economic needs of the
people of the state (Section 30001.5 of the California Public Resource
Code, Division 20.  Sections 30500-30600, January, 2000).

The Coastal Act identifies a wide variety of resources which much be protected
while development proceeds in the coastal zone.  These resources include public
access and recreational opportunities, sensitive marine and terrestrial habitat,
fisheries, water quality, archeological resources, visual resources, and coastal-
dependent industry.

Implementation of the Coastal Act policies rests with the statewide California
Coastal Commission (Commission) and with the local cities and counties in the
coastal zone.  Under the Coastal Act, each local jurisdiction in the coastal zone
must develop a Local Coastal Plan (LCP).  An LCP consists of both land use
policies and zoning ordinances which must meet the objectives of the Coastal
Act.  When the Commission certifies an LCP as consistent with the Coastal Act,
the local jurisdiction assumes primary responsibility for management of coastal
resources, and regulates development in the coastal zone, in part, by reviewing
development proposals against the LCP policies and issuing coastal
development permits.  The Commission retains regulatory review of
development in state tidelands and areas subject to the public trust, hears appeals
of certain categories of locally issued permits, and acts on proposed amendments
to an LCP itself.  Of the 74 cities and counties in the coastal zone, 46 currently
have fully certified LCPs and are issuing coastal development permits.

The Coastal Act also mandates that the Commission periodically review
certified LCPs to ensure on-going consistency with the Coastal Act policies and
objectives.  Section 30519.5 of the Coastal Act states, in part, that “[t]he
commission shall, from time to time, but at least once every five years after
certification, review every certified local coastal program to determine whether
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such program is being effectively implemented in conformity with the policies
of this division” (California Public Resource Code, Division 20.  Sections
30500-30600, January 2000).  If the Commission determines that
implementation of an LCP is not complying with the objectives of the Coastal
Act, the Commission may develop and submit recommendations to the local
government on how to better meet those objectives.

Role of Periodic Review in Coastal Management

An LCP is certified based, in part, on the current knowledge of resources and
development trends in that area.  Often this information changes over time, and
new issues and concerns may emerge.  For example, today, non-point source
pollution has emerged as a major challenge in protecting resources.  Although
certified LCPs may have general policies addressing runoff and sedimentation,
non-point source pollution was not directly addressed when the majority of
LCPs were certified in the early and mid 1980s.  Our understanding of how
natural resources function also continually improves.  For example, our
understanding of how wetlands function and how they are affected by various
activities is much more advanced than ten or twenty years ago.  New
information on threatened and endangered species, their habitats, and the
stresses to their survival also is continually improved and refined by the
scientific community.  Incorporating this new information into the coastal
regulatory process is crucial if coastal resources are to be protected.

In addition, LCPs can be amended many times after certification.  For example,
the Commission certified the LCP for Santa Cruz County in 1983; since then,
the County has submitted 67 amendments for Commission review.  Jurisdictions
with relatively recent LCPs may also seek numerous amendments; the City of
Capitola, certified in 1990, has submitted 21 amendments to the Commission.
While each proposed amendment is carefully reviewed for consistency with the
Coastal Act and LCP policies, the full effect on coastal resources from multiple
amendments to one LCP can be difficult to determine during the review for a
specific proposal.  Similarly, the effect of development over a five or ten year
period can result in cumulative impacts to resources that are not evident in the
review of individual projects.  While an individual project may comply with all
the requirements of the Coastal Act or LCP, the cumulative impacts created by
many different projects over time may significantly affect a resource.  For
example, the development of several houses adjacent to a habitat area may not
significantly affect it; however, the level of development permitted over ten
years may have a significant effect on the habitat.  Both the Coastal Act and
LCPs require that these cumulative impacts be considered in managing coastal
resources.

These factors all lead to the need for a periodic evaluation of the policies and
implementation of certified LCPs.  Since some jurisdictions in the coastal zone
do not yet have certified LCPs, the Commission’s regulatory practices should
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also be evaluated.  A periodic review provides an opportunity to step back from
the day-to-day review of individual permits, and assess the effectiveness of the
plans and procedures that govern planning in a region.  Through a periodic
review, plans can be updated to incorporate new information, address changed
circumstances, and revise policies and practices as necessary.

The Commission’s Regional Cumulative Assessment Project

Prior to the mid 1990s, the Commission had no defined program to undertake
LCP reviews.  In fact, only two of the 46 certified LCPs were formally
evaluated.  ReCAP, the Commission’s Regional Cumulative Assessment
Program, was developed in the mid 1990s to establish a more defined program
for LCP review.  The ReCAP approach emphasizes evaluating the effectiveness
of coastal management and the cumulative effects from development on a
regional approach, rather than an individual LCP per se.  Based on this model, a
periodic review may encompass one certified LCP, multiple certified LCPs, or a
combination of one or more certified LCPs and non-certified areas where the
Commission retains primary regulatory authority.  The Commission first used
the ReCAP approach in the Santa Cruz/Monterey Bay region of Central
California; this region includes multiple LCPs and areas still under the
Commission’s jurisdiction.  The Commission’s second ReCAP focused in the
Santa Monica Mountains/Malibu region of Southern California; most of this
region currently has no certified LCP, and remains in the Commission’s
jurisdiction.  Currently, ReCAP is undertaking an evaluation of the certified
LCP for San Luis Obispo County in Central California.  Although this review
focuses on the County’s LCP, policies of individual cities’ LCPs within the
County may be analyzed in conjunction with the County’s policies to ensure
adequate management of key resources.  Since development or regulatory
actions taken in one jurisdiction may also lead to resource impacts in an adjacent
jurisdiction, using a regional approach for program evaluation can help ensure
that policies across jurisdictions do not conflict with each other.

Wherever possible, the boundaries identified for a ReCAP review are based on
resource areas.  For example, when delineating an area for analysis of shoreline
erosion, ReCAP will include the entire littoral cell(s) of the region, even if it
crosses a political jurisdiction boundary.  When assessing the effect of
development on natural habitat, the entire area of the habitat is included in the
assessment area when possible.  For example, in the Monterey Bay area, ReCAP
included the entire Elkhorn Slough, even though a portion of the watershed fell
outside the coastal zone boundary.  Although most of the Santa Monica
Mountains lie in Los Angeles County, to maintain a resource based approach in
the Santa Monica Mountains ReCAP, the portion of the mountains situated in
Ventura County was also included in this analysis.

Ultimately, the purpose of a ReCAP review is to improve how we manage
coastal resources.  After establishing the region to be reviewed, ReCAP begins
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the process of regional issue identification.  This process includes not only
identifying priority issues, but also noting general problem areas within issues.
For example, an issue area might be public access, but a problem within that
issue could be lack of parking.  Public input is a primary component of isolating
priority issues.  From there, ReCAP begins looking at the status of resources “on
the ground” as well as noting permitting trends.  This involves collecting
baseline information, identifying key questions necessary for clarification of the
nature of the problems, filling data gaps, and evaluating possible causes of
impacts.  The next step is reviewing LCP and Coastal Act policies as they relate
to the selected resource issues.  This helps to further define the causes of the
problems within and outside of the coastal management policies.  Based on the
ReCAP findings and analysis, staff develops recommendation to address the
problems identified.  Recommendations can include changes to specific policies
in an LCP, changes in a local government’s or the Commission’s procedures,
improved interagency coordination, better information management, or non-
regulatory incentives.  From here, short-term strategies and long-term action
plans are developed, and then finally, ongoing monitoring is necessary to track
indicators and ultimately measure the success of program changes.

Key findings are the middle step between gathering data and information and
ultimately making recommendations to Commission staff and local planners.
Much of the data from the ReCAP analyses led to findings that were within the
levels expected or predicted, but other findings were quite striking.  Following
are examples of key findings from both of the ReCAP reports and suggested
recommendations.

Findings from the Malibu/Santa Monica Mountains ReCAP report provide a
clear example of the concerns of cumulative impacts.  The cumulative impacts
from development in the Santa Monica Mountains coastal zone were identified
as a major concern in the late 1970’s due in part to the large number of lots that
could potentially be developed and the on-going desire to subdivide lands to
create additional lots.  In addition, the region faces significant constraints to
development, due to geologic hazards, sensitive resources, and limited
infrastructure.  As one tool to address cumulative impacts, the Commission
began a transfer-of-development (TDC) program in 1978.  Under the TDC
program, an applicant is allowed to subdivide a parcel (if all other Coastal Act
policies are met), if the development potential on existing lots was extinguished,
or retired.  This lot retirement was required to occur in specific, designated areas
(called donor sites) in the Santa Monica Mountains, and mitigated the
cumulative impacts from creating additional lots.  Between 1978 and 1996,
approximately 1,051 lots (approximately 1,673 acres) were retired in the Santa
Monica Mountains through the TDC program.  Approximately 700 new lots
were created through approved subdivisions during this same time period.  As a
result of ReCAP’s analysis, the Commission is modifying its donor sites.
ReCAP’s analysis concluded that the development potential in some donor sites
had been reduced enough to warrant focusing future lot retirements in the other
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donor sites.  In addition, ReCAP’s analysis determined that two wildlife
corridors should be designated as donor sites to better protect the intent of the
corridors.  It is only as a result of evaluating the program as a whole that these
needed changes could be identified and developed.

In the Santa Cruz/Monterey ReCAP, which covered portions of Santa Cruz and
Monterey counties, initial findings showed that of 78 projects containing a
permit condition requiring an Offer to Dedicate Public Access (OTD),
approximately 30% did not have one recorded.  And of those recorded, some
were done only after an enforcement action to ensure compliance with permit
conditions.  OTDs are the Coastal Commission’s primary tool to mitigate
impacts to public access from development.  Thus, the impacts from the projects
without recorded OTDs had not been mitigated, resulting in a cumulative loss of
beach access.  The recommendations following this report included improving
tracking of projects with easement requirements.  In the time since those
recommendations were published, Commission staff is consciously tracking
retirement dates through the public access database.  Similar findings were
adopted in the Malibu/Santa Monica Mountains ReCAP report.  Staff examined
Inland Trail OTDs from 1978-1996 and found that 49% had not been recorded.
One of the recommendations stemming from these findings included pursuing
development of a Memorandum of Understanding to designate a principal
management agency to directly accept future inland trail easement dedications,
thereby eliminating the need for an OTD.  Since that recommendation was
published, discussions with appropriate agencies have started.

In another example from the Santa Cruz/Monterey ReCAP, it was found that
while only an eighth of the ReCAP shoreline area was armored at the time of the
study, over a third, or 27 miles of it had the land use and physical characteristics
which could require armoring in the future.  Armoring is significant because not
only does it cover beach area, it also limits sand replenishment, thus decreasing
beach area even further.  It was discovered that a number of the shoreline
protective devices had been built under emergency permit conditions.  A case in
point is the Live Oak area of Santa Cruz County, where over 40% of armoring
projects from 1983-1993 were approved through the emergency permit process.
Current policies require that a subsequent, regular coastal development permit
be obtained; however, many of the 24 emergency permits issued in the ReCAP
area in this timeframe have no follow-up permit.  Thus, full regulatory review
did not occur and impacts from these projects have not been fully assessed or
mitigated.  One of the recommendations stemming from these findings was that
a regional shoreline management plan be developed, and again, similarly to the
previous example, it was recommended that a tracking system be created to
ensure better follow-up review of emergency permits.

With regard to shoreline armoring in Malibu/Santa Monica Mountains,
ReCAP’s analysis found similar results: as long as development is approved in
areas with high shoreline erosion and wave hazards, it will likely be armored.
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ReCAP found that roughly 45% of the Malibu/Santa Monica Mountains study
area shoreline was armored.  The projections of future buildout of shoreline lots
indicate that up to five miles of additional shoreline, or 15%, could be armored
with hard structures.  The remaining unarmored area would consist mostly of
public parks or unthreatened bluff areas.  One of the recommendations based on
this information was that the City of Malibu, in its LCP planning, should
prohibit development that would require armoring for those shoreline areas
which do not constitute “infill.”  Additionally it was recommended that they
prohibit new subdivisions, including lot splits, which create new lots within high
wave hazard areas.

Implementation of ReCAP’s recommendations continues even after the formal
ReCAP evaluation is completed.  Since its completion in 1995, the ReCAP
findings and recommendations continue to be used as a basis for coastal
management in the Santa Cruz/Monterey Bay region.  The Commission staff has
revised a number of special conditions used on permits to include concerns
raised by ReCAP.  Staff is also coordinating with the local governments in the
region to address other concerns raised by ReCAP, especially the need for
regional planning to address shoreline erosion.

Another important aspect of the continual evolution of ReCAP is changing
technology and capabilities.  For instance, for its initial ReCAP, the Commission
did not have GIS resources, while the Santa Monica Mountains ReCAP relied
extensively upon GIS analysis.  Currently, with the San Luis Obispo periodic
review, GIS is also playing a crucial role.  Another key advance is that the
Commission now has an electronic permit tracking system, which was created
from recommendations from the first ReCAP project.  That database was a
critical component of the Santa Monica Mountains ReCAP and will continue to
be for the San Luis Obispo review.  As the ReCAP process evolves to take
advantage of technological advances and increases in knowledge and
understanding of coastal resources, ReCAP findings and recommendations will
continue to aid coastal planners in protecting our coast.

The views expressed in this paper are those of the authors and do not necessarily
reflect the views of the Commission.

Tania Pollak
Statewide Land Use Planning Unit
California Coastal Commission
45 Fremont St. Suite 2000
San Francisco, CA  94115
Phone:  (415) 904-5270
Fax:  (415) 904-5400
Email:  tpollak@coastal.ca.gov
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AQUACULTURE STRATEGIC PLANNING IMPLICATIONS
FOR COASTAL MANAGERS

Susan Snow-Cotter, Massachusetts Coastal Zone Management

Introduction

Massachusetts Coastal Zone Management (MCZM) produced an Aquaculture
Strategic Plan (the Plan) for the state’s fledgling aquaculture industry in the fall
of 1995.  This Plan was produced in the wake of groundfishery collapses in the
Northeast, rising interest in alternative sources of protein worldwide, and the
immediate need to retain the fishing and fish processing traditions and jobs that
had long been an important sector of the local economy.  Coincident with the
increased interest in aquaculture in Massachusetts was the realization that the
regulatory framework, strong traditions of “home rule” (municipal control) and
public concern over aquaculture presented daunting obstacles to the
development of this nascent industry.  MCZM, with no direct jurisdiction,
responsibility or expertise with aquaculture was tapped by the Governors Office
to coordinate the development of this Plan, due officially to its mandate of
balancing coastal resource protection with economic use, and unofficially due to
the need for an unbiased agency that did not have a major stake in some of the
larger pending issues.

While MCZM took the lead in developing this Plan (utilizing 309 funds), it has
by design been implemented largely by an interagency group led by a newly
hired Aquaculture Coordinator housed at the Department of Food and
Agriculture (DFA).  In the fall of 1999, MCZM and the DFA sponsored a one-
day Workshop, which focussed on measuring the implementation of the Plan’s
68 specific recommendations.  The results of the Workshop indicate that 80% of
the recommendations are either partially or fully implemented.

This paper will provide a snapshot of the Massachusetts aquaculture industry,
discuss the role of MCZM in plan development and implementation, highlight
some unique coastal management issues relating to intertidal and offshore
aquaculture in Massachusetts, and conclude with a brief discussion of three
innovative projects that have resulted from the strategic planning process.

Industry Characterization

Managed cultivation of shellfish and crustaceans in Massachusetts originated
with the native Americans and was adopted by the early settlers on Cape Cod.  It
was not until the 1970’s and 1980’s, however, that efficient and viable hatchery
and grow-out techniques were proven effective on a larger, commercial scale.
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The aquaculture industry in Massachusetts  has been roughly split between
inland and marine aquaculture in terms of economic value for the past five years
or more. The inland industry is comprised primarily of a handful of highly
technical recirculating facilities located mainly in the western part of the state.
These facilities produce hybrid striped bass, tilapia, trout, and other finfish.  The
marine aquaculture industry in Massachusetts mainly produces quahogs (hard
clams) and oysters, with small quantities of scallops, soft shell (steamer) clams,
and mussels.  The marine aquaculture industry is concentrated on Cape Cod and
the islands with some producers on the South and Southeastern coasts.  In recent
years, a few experimental offshore aquaculture facilities have come on line
including a sea scallop facility (the first aquaculture facility nationwide in
federal waters) and a mussel rafting project, both of which are located off Cape
Cod.  Numerous other experimental and commercial offshore projects have been
proposed and some even permitted, but to date, there is no commercial offshore
aquaculture in Massachusetts.

Aquaculture in Massachusetts is estimated to be about an $8.6 million dollar
industry (Bush and Anderson).  It must be noted that assessing the economic
value of the aquaculture in this state has been a major difficulty.  Aquaculture
revenues from the marine sector are reported to cities and towns with state wide
totals tallied by the Division of Marine Fisheries (DMF).   Industry experts agree
that revenues, particularly from marine culturists, is significantly underreported,
probably for tax reasons.  It has been estimated that if actual revenues were
reported, the industry value would increase at least three-fold.

Massachusetts Peculiarities

While Massachusetts does has a long history in aquaculture, there are several
obstacles blocking its widespread acceptance and success.  As in most
developed countries, aquaculture faces significant environmental concerns
including water quality degradation  (from fecal matter, feeding and antibiotic
treatments associated with finfish culture), impact on existing habitat,  impact on
genetic integrity, and the potential spread of disease and/or exotic species.  In
addition,  due to the heavily developed coastal areas in our state, there are
aesthetic concerns and seemingly insurmountable use conflicts including those
with the wild fishery. The regulations facing an aquaculturist can also be
daunting and historically were not well coordinated between agencies.

In addition to these constraints, Massachusetts has extremely strong traditions of
“home rule” (local control) which in effect, gives municipalities the upper hand
in approving most marine aquaculture facilities in state waters.  While home rule
has many advantages, it has served to curtail approval of aquaculture in many
towns due to inexperience and unfamiliarity with this emerging industry. The
lack of funding for municipal shellfish propagation in recent years has also
contributed to municipal opposition to aquaculture.  Towns that do not have
sufficient shellfish available in the wild fishery to either commercial or
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recreational diggers are not inclined to essentially privatize intertidal or subtidal
areas for the exclusive use of one aquaculturist.  Another issue that has slowed
the growth of shellfish culture is intertidal land ownership.  In Massachusetts,
the upland landowner generally owns down to the low water mark with the
intertidal zone only legally accessible by the public for the purposes of  “fishing,
fowling and navigation.”   A court case in 1984 ruled that aquaculture was not a
natural derivative of fishing, but was more akin to agriculture and as such was
not a protected public right on private land.  This ruling has adversely affected
many shellfish aquaculturists who previously had municipal licenses on
intertidal lands that they did not own.

Strategic Planning Process

To address some of these issues, in 1984 then-Governor Weld requested that
MCZM initiate a strategic planning process to investigate the potential for
aquaculture in Massachusetts and determine why the Commonwealth lagged so
far behind some of our neighbors in this industry.   MCZM responded by
organizing three working groups: the Regulatory Reform Working Group, the
Environmental Impacts Working Group, and Economic Development Working
Group.  These broad based working groups met regularly for six months and
initiated the strategic planning process, which included site visits to aquaculture
facilities, discussions with industry and potential aquaculturists, international
literature reviews, four regional public meetings, and over 40 working groups
meetings.  To provide oversight and direction to the Working Groups, an
Aquaculture Steering Committee comprised of representatives from private
industry, environmental groups, academia, government, the Legislature, and the
restaurant trade was formed.  The Steering Committee met monthly with the
Chairs of the Working Groups.

In the fall of 1995, MCZM released the Massachusetts Aquaculture White Paper
and Strategic Plan.   The Plan has a five-year time frame and includes 68
specific recommendations for the State to implement to overcome existing
constraints and take advantage of opportunities in the aquaculture industry.  Of
the 68 recommendations, the following were identified as priorities for action:
initiate regulatory streamlining; establish an interagency Aquaculture
Coordination Team (ACT) to oversee implementation of Strategic Plan and to
guide State aquaculture activities;  establish an Aquaculture Coordinator
position at the DFA to serve as the single point of entry for all existing and
prospective aquaculturists; establish a broad based Aquaculture Advisory Group
to advise ACT on issues of concern; direct all aquaculture related bond
expenditures toward priorities identified in the Strategic Plan; and work with
municipal officials, the DMF, and shellfish aquaculturists to improve and
standardize the administration of shellfish licenses to improve the prospects for
obtaining financing for aquaculture ventures.
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Plan Implementation

Since Plan release in late 1985, the DFA has been leading  Plan implementation
with assistance from the DMF and MCZM.  An Aquaculture Coordinator has
been hired who oversees an Aquaculture Grants program, coordinates the ACT
and the Aquaculture Advisory Group,  assists applicants with the regulatory
process, promotes the industry at trade shows and conferences and oversees the
work of three regional aquaculture centers.

In October of 1999, four years into Plan implementation,  MCZM and the DFA
sponsored an Aquaculture Strategic Planning Workshop with the goals of
tracking progress of Plan implementation, creating a forum to discuss
aquaculture development and realigning Plan recommendations, if necessary.
After hearing presentations on the status of the industry, participants broke up
into three groups that mirrored the original Strategic Plan Working Groups.
Each Working Group evaluated the status of each of the Plan’s 68
recommendations.  This analysis of the implementation status indicated that
80% of the Plan’s 68 recommendations have either been entirely (21%) or
partially (59%) implemented and 20% of the recommendations have not seen
any action.  The groups also prioritized the recommendations still needing
implementation work in an effort to assist state agencies in directing staff time
toward these efforts.  Finally, each Working Group made a series of new and
different recommendations to add to the Plan.  It is envisioned that a Plan update
will be initiated in the coming months to sketch out direction for the next five
years.

Interesting Outcomes

While we can not say that the aquaculture industry in Massachusetts has grown
in leaps and bounds as a result of the Aquaculture Strategic Plan, it is fair to say
that the Plan has been enormously effective in reducing much of the conflict that
was inherent in the industry in the early 1980’s.  The regulatory process has also
been streamlined and made more accessible.  Coordination between municipal,
state and federal agencies has been strengthened.  Funding for aquaculture
technical assistance, promotion and outreach has steadily increased.

Three specific outcomes from the Plan and the resulting coordination between
stakeholders are of particular interest to coastal managers.  MCZM (again
utilizing 309 funding) has initiated the development of the Massachusetts Ocean
Resources Information System (MORIS).  MORIS will be a GIS based
relational database that will be populated with data and information of interest to
coastal managers and researchers.  MORIS is currently being designed and its
first application will be as an aquaculture site screening tool for prospective
aquaculturists.  Aquaculturists in Massachusetts have identified to need to have
a central information base which would facilitate the siting process by providing
easy access to the known data and information relating to Massachusetts waters,
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uses, and jurisdictions.  MCZM is working with the industry to identify which
siting criteria is of most concern to different types of marine aquaculturists.
With that information, the contractor will search for existing data that meets
each criteria and populate the database.  Next year MORIS will be populated
exclusively with water quality data.  Although aquaculture siting is the first
application for MORIS, it is envisioned that this database will be used for a
range of coastal management issues.  MCZM also plans to make MORIS web
accessible.

The second project of interest, initiated by the state-funded Southeastern
Massachusetts Aquaculture Center (SEAMAC), is the development of marine
aquaculture Best Management Practices.  For the past six months, SEAMAC has
been facilitating the development of a  code of industry practices with topics
ranging to truck access of intertidal shellfish culture to predator control to
dealing with local officials.  This process has benefited from heavy participation
from the industry as well as environmental groups.  It is envisioned that the
voluntary adoption by aquaculturists of these BMP’s will go a long way in
easing local concerns about some industry practices.

The final outcome of interest from the Plan is the increase in aquaculture
education in secondary schools throughout Massachusetts.  The Plan highlighted
the need for aquaculture education for future aquaculturists, the public and also
as an interdisciplinary tool for learning about science and math.  The increase in
aquaculture education has truly been remarkable.  A network of aquaculture
educators has been formed and received a multi-million dollar technology grant
from the National Science Foundation.   Over twenty schools in Massachusetts
have small recirculating aquaculture projects in their classrooms and a few
others have access to small shellfish hatcheries and growout facilities.  The
rising interest in aquaculture education is a positive sign for things to come and
certainly will go a long way in increasing public understanding of this industry.

Susan Snow-Cotter
Massachusetts Coastal Zone Management
100 Cambridge St.
Boston, MA 02043  US
Phone: (617) 626-1202
            (617) 626-1240
Email: Susan. Snow-Cotter@state.ma.us
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MEASURING RESULTS FOR NOAA'S HABITAT ACTIVITIES

Peyton Robertson & Dan Farrow,
NOAA, National Ocean Service, Special Projects Office

Performance measurement (measuring actual environmental results as opposed to
programmatic accomplishments) is an increasingly hot topic in coastal resource
management circles.  Why?  Partly as a result of the Government Performance and
Results Act (GPRA), enacted in 1993.  GPRA has been a significant driving force in
the way Federal agencies conduct business, forcing a re-evaluation of program
activities to better define “outcomes” as opposed to “outputs.”  The General
Accounting Office characterizes the requirements of GPRA as follows:

(1) GPRA forces federal agencies to focus on their missions and goals, how to
achieve them,  and how to improve their structural organizations and business
processes;

(2) agencies must define their missions and desired outcomes, use strategic
planning, involve stakeholders, assess their environments, and align their
activities, core processes, and resources to support mission-related outcomes;

(3) agencies need to measure their performance to ensure that they are meeting
their goals and making informed decisions;

(4) performance measures need to be based on program-related characteristics and
performance data must be sufficiently complete, accurate, and consistent;

(5) agencies must use performance data to improve organizational processes,
identify performance gaps, and set improvement goals; and

(6) GPRA success depends on strong leadership practices that devolve
decisionmaking authority with accountability, create incentives, build
expertise, and integrate management reforms.

Besides GPRA, there has also been increasing pressure from the public to improve
government accountability, demanding that agencies demonstrate actual changes
occurring as a result of environmental management programs.

Following the passage of GPRA, NOAA developed a strategic plan comprised of
seven interrelated strategic goals for environmental assessment, prediction and
stewardship.  The goal to “Sustain Healthy Coasts” includes the following vision:

“By 2005, the Nation’s coasts will have more productive and diverse habitats for
fish and wildlife and cleaner coastal waters for recreation and the production of
seafood. Coastal communities will have thriving, sustainable economies based on
well-planned development and healthy coastal ecosystems that depend on them.”

NOAA’s existing performance measures for the SHC strategic plan goal primarily
measure outputs (i.e., number of objects or activities produced) rather than
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outcomes (the desired result). These measures demonstrate the productivity of
programs, but they do not provide a meaningful indication of NOAA’s progress
toward achieving its stated goals and objectives.  Many existing measures are
phrased in terms of:

• programs approved
• reports produced
• tools developed
• activities conducted

There is an effort underway to improve the way NOAA measures progress for
habitat activities under Sustain Healthy Coasts (SHC), focusing on measurable
outcomes for the objective to “Protect, conserve and restore coastal habitats and
their biodiversity.” A team has been working on refinements to the existing
performance measures and recently conducted two workshops to engage a broader
representation of NOAA in the process.  The workshops resulted in several
valuable results:

1. A set of outcome statements based on “habitat services,” enabling NOAA to
answer the question “what are the ultimate results we are seeking from our
habitat activities?”  These outcomes reflect the fact that NOAA is concerned
with habitat for fisheries, biodiversity, the ability of coastal habitats to buffer
against coastal storms, and the importance of healthy coastal habitats for
public use and enjoyment.

2. A conceptual model for linking program activities to outcome statements.  This
“results framework” provides an understanding of how activities and outputs
lead to final outcomes, including intermediate outcomes.

3. A process for refining the existing performance measures, tailoring them
towards achieving the outcome statements.

In addition, the workshops have raised internal awareness and appreciation for
performance measurement, resulting in a broadened recognition of their value in the
agency.  Besides improving performance measures for habitat, this activity is
serving as a model for other strategic planning teams.  NOAA is also involving
constituents in the process, seeking feedback on the extent to which performance
measures communicate effectively with coastal stakeholders.  There has often been
a disconnect between the use of performance measures to demonstrate
accountability and the use of performance measures to manage for results.  The
refinement of NOAA’s habitat performance measures offers the opportunity to
“build it and they will come” – representing not only improvements in reporting, but
driving internal change over time.
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ENVIRONMENTAL ASSESSMENT OF COASTAL
ENVIRONMENTS IN

THE CENTRAL COAST REGION OF WESTERN AUSTRALIA

Julianna Priskin
Department of Geography, The University of Western Australia

Introduction

Correlations between the level of observed degradation on the coast and
attitudes to environmental impact held by coastal recreation groups are the
subject of this research.  The aim of the research was to determine whether
there is an association between a decreasing awareness of environmental
issues and increasing level of environmental degradation.  The objectives of
the research were to:
1. adopt a methodology to assess the physical conditions of the coast;
2. describe the types and intensity of degradation caused by user groups of

the coast;
3. describe user attitudes to degradation on the coast; and
4. determine associations between visitor attitudes to degradation and

levels observed in the physical environment.

Rationale

Nature tourism is a natural resource based activity with a capacity to initiate
changes to the physical and human environment.  Tourism develops because
of its capacity to generate economic growth.  However, it is not a clean
industry from a conservation perspective.  Coastal environments are more
likely to be exploited for tourism and recreation because of the opportunities
they provide with the combination of the “sun, sand and the sea”.  As sandy
beaches are fragile and a dynamic interface between land and the sea, they
are more susceptible to degradation caused by use than many other
environments.  The negative impacts of tourism on the coast have been well
documented by Fabbri 1990, Wong 1993, the German Federal Agency for
Nature Conservation, 1997 and Orams 1999.  Examples of adverse impact
in the coastal zone as a result of recreation activities include littering,
erosion of dunes, trampling of vegetation, marine pollution, loss of
biodiversity and over development.  In sensitive environments such as the
coast, even a small amount of use can lead to degradation, especially if user
activities are not regulated.  The impacts are capable of causing significant
changes in the physical environment over time and this may destroy the
value of natural places and lead to a decline in tourism as well as other land
uses.

The Central Coast Region of Western Australia is the subject of this
research. It is a 300 km section of the Western Australian coast with a low
regional population (ca 10,000).  The region has abundant resources for
coastal nature-based tourism and recreation which user groups have
exploited.  A formal tourism industry is in the process of development in the
region.  Visitor facilities are generally poor in the region and much of the
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coast is inaccessible except at small towns.  This limits coastal recreation
activities away from the towns to those accessed by four-wheel drive
vehicles.  Due to the isolation of the area, user groups have taken advantage
of the clean, open natural environments and over the past two decades have
caused significant changes to the physical environment.  The levels of
change is variable in intensity.  The State Government of Western Australia
is in the process of opening this region to tourism by constructing a road
along the coast, which would reduce connection time to the area from three
to one hour from a population of 1.3 million in Perth.  This change will
inevitably increase use of the area.  It will place pressure on coastal land for
development and ultimately contribute to further degradation of the quality
of the environment.

It is imperative that planning and management procedures are implemented
to counteract negative impacts caused by intense use of the coast.  This
requires knowledge and understanding of the physical environment, as well
as an understanding of the behaviour of user groups. It should include
baseline knowledge about environmental conditions.  Assessment of
environmental susceptivity to change, especially degradation potentially
ensures better decision making and the long-term sustainability of the use of
the coast.  Hence, a method is required that identifies fragile areas, and
impacts arising from use of the coast.  Common procedures for impact
assessment include techniques such as checklists, matrices and detailed
environmental surveys. There are numerous environmental assessment
procedures available. However few are designed for the coast specifically.
Some techniques such as those developed by Briassoulis, 1992, and
Cendrero and Fischer, 1997 are comprehensive but they require time, funds
and expert knowledge to complete.  While this is highly desirable, a
technique is needed that is easy to administer and which also allows
integration with planning and management processes.

Study Area

The Central Coast Region of Western Australia is approximately 200 km
north of Perth (Figure 1).  Its coastline has a Mediterranean climate with hot
dry summers and mild wet winters.  The climate is benign, and together
with the local coastal geomorphology, provides an ideal setting for a range
of coastal recreation and tourism activities.  Very low wave conditions
prevail at the shore for most of the year. The coast has extensive sandy
beaches intermittent with limestone outcrops, cliffs, headlands.  The beaches
are narrow, generally less than 25 metres wide and annual wave height may
be as low as 0.25 metres (Hegge, 1994).  Dunes on the coast vary in form
from plains of relict foredunes on cuspate forelands to mobile sand sheets
migrating inland across deflation plains and blowouts (Sanderson et al,
1999)  The coast is vegetated by a wide variety of heaths and woodlands and
species diversity may be high as 100 species per 100 m2.  As a consequence
the coast has high conservation significance and there are several nature
reserves and national parks.
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Methods

Four sets of techniques were used in this research, including environmental
assessment, impact assessment and the administration of user surveys.
Environmental assessment, including impact identification and user surveys
were completed during several field trips to the study area.  Finally all
results were analysed and correlated.  These methods are discussed in detail
below.

Assessment of the physical environment

The environmental assessment technique employed the use of a table with a
series of descriptors about the coast, which served as a checklist.  This was
developed to provide a framework for describing the physical condition of
the coastline (Table 1).  This framework allowed identification of stable and
unstable areas along the coast and the results helped determine areas which
were more susceptible to impacts caused by recreation users.  Prior to
administering the method in field, aerial photography the study area was
analysed to identify the broad features of the marine and terrestrial
environment.  The whole coast was visited during fieldwork and for each
tourism area, a copy of Table 1 was completed.  Results showing areas
susceptible to degradation were mapped for overlay analysis purposes
(Figure 1).

Assessment of user impacts on the physical environment

Environmental impacts of visitors on the coast were assessed from a matrix
based on indicators which was adapted from techniques used by the
Department of Conservation and Land Management  (CALM, 1997).  These
included the:
1. presence of litter,
2. degree of invasion by weeds (non native W. A. plants);
3. degree of disturbance caused by diseases (eg; dieback);
4. degree of fire disturbance (e.g. caused by ad-hoc campers);
5. erosion of general landscape;
6. exposed ground (e.g. caused by the trampling of vegetation);
7. degree of dune system disturbance;
8. presence of unnecessary tracks (e.g. caused by 4WD vehicles); and
9. presence of ad hoc structures such as squatter shacks in the natural

environment.
Each indicator was assigned a value between 0 and 10 depending on the
seriousness of the problem.  The higher the score the greater the perceived
level of degradation.  Assessments of the environmental impacts were
completed at sites where tourism and recreation activities are known to
occur.  The evaluations were based on visual appearance of the environment
and it relied on the researcher’s ability to judge conditions.  Results were
mapped for overlay analysis in a GIS.  This allowed analysis between
degraded areas and areas susceptible to such changes.
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Assessment of user perceptions

Visitor surveys were conducted during the summer of 1999 and a total of
363 individuals completed the self-administered survey.  A total of 25
questions were asked, including those that indicated user perceptions about
coastal recreation activities and environmental degradation.  Stratified
random sampling was used to avoid bias in the population.  Results were
analysed using chi-square tests and summary statistics in Microsoft Excel.

Results

Results of the environmental conditions and level of degradation are
summarised in Figure 1. Susceptivity to environmental change varies along
the coast.  Although much of the coast is naturally fragile due to active
geomorphic processes working on a regional scale.  For example, this area is
a major sediment sink for sediment moving northwest.  Hence, it was
difficult to isolate changes in the environment that were caused by natural
processes or by recreational groups.  Field observation and assessment of
aerial photographs assisted with the separations.  For example, tracks,
camping areas, eroded areas near shacks were a result of human induced
change in the environment.

Considering the low regional population and the relatively low exploitation
of the area by tourism, there has been considerable environmental
degradation.  Over 57% of the tourism and recreation resources had
moderate to high levels of environmental degradation.  No places were
classed as highly degraded, but none were considered to be pristine.  These
results indicate that current nature-based tourism activities in this region are
not sustainable over the long term.  Badly degraded areas suffer mainly as a
direct impact of uncontrolled four-wheel driving activities and ad-hoc
structure developments.  These have secondary effects which lead to the
proliferation of introduced species and fires.  In turn, these have contribute
to the reduction of biodiversity, the quality of the environment and therefore
tourism resources.

Results from the visitor surveys are summarised in Table 2.  They indicate
visitors are aware of the negative impacts of their actions.  Activities such as
swimming, surfing, bush walking and sightseeing are generally considered
unharmful activities by the majority of respondents.  Activities such as
diving, fishing, boating, camping and horse riding are considered
moderately harmful.  Four-wheel driving, sand-boarding are considered very
harmful activities to coastal environments.  Visitors were also asked general
questions that indicated perceptions about the environment and these also
showed mixed results.  For example, 72% of respondents agreed that coastal
environments need special care if used by tourists and 80% held the view
that natural environments are valuable resources.  In contrast to this, visitors
had variable perceptions about whether tourism is harmful to the
environment (X2  43.5>9.9 α=0.05, df = 4).   For example 30% of the
respondents agreed that tourism was harmful to the environment, 35%
disagreed and 32% were unsure (Table 3).
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The environmental assessment results were correlated with user perceptions.
There does not appear to be a clear association between understanding of
harmful actions and observed environmental impacts.  Visitors were aware
of the impacts of activities.  However they were not able to comprehend the
total impact they caused.  Hence results to the question about tourism being
a harmful activity to the environment are mixed.  Environmental impact
assessment showed that 57% of the tourism resources were moderately to
highly degraded.  It is possible if visitors had a real understanding of the
impact of their activities, they would behave in a way that would not cause
negative impacts.  For example they would not be camping illegally,
lighting fires randomly and taking four-wheel drive vehicles off designated
tracks.

Discussion and Conclusions

In terms of the indicators selected, the methodology used to complete this
research was developed specifically for the study area.  As it was aimed as a
broad framework for assessment it was successful in identifying the
landscape’s natural characteristics.  The indicators could be easily changed
to suit other coastal environments and this framework could be used in
many places.  Additionally, results obtained from the assessment could be
and have been directly integrated into the planning process, the latter
through Landvision (1999).

Similarly the environmental impact assessment framework was simple and
easy to administer and it would be changed to suit any environment.  The
weighting technique was subjective as no measurements were made of the
individual indicators.  Measurements are not always necessary, especially
when broad scale assessments are completed as they can require significant
amount of funding and time.  As many detailed assessments are made by
experts, results are not always being able to integrate into the planning
process, however measurements are necessary when local scale
developments are considered.  This environmental assessment framework
together with the impact assessment formed an important process with the
identification of areas needing implementation of management plans.  The
classification used in this study can be directly useful to planners and
managers as it can allow the prioritisation of places that are in urgent need
of management initiatives.

The results showed some association between environmental impact of
tourists and the observed level of degradation.  The study showed that
visitors have increasing awareness of the impact of certain activities on the
natural environment although they may not act in a way that would reduce
adverse impact.  This implies that there is room for education of visitors to
influence their behaviour.  The aim of tourism planning in any environment
should be to reduce the negative impacts and to help maximise the overall
benefits (Orams, 1999).  In the coastal zone this can be achieved through
integrated coastal planning and management, the provision of visitor
infrastructure suitable to local conditions and visitor education.  It is in the
interest of the tourism industry to minimise environmental degradation.
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Should the resources the industry is dependent on decline, then a decline in
tourism will follow.
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Table 1.  Framework for Coastal Environmental Assessment
Physiographic Setting
1. Large embayment
2. Small embayment
3. Cuspate foreland north/south flanking
4. Tombolo
5. Rocky headland and shores

Offshore Reef
1. Island present
2. Broad platform reef with

island
3. Broken reef
4. Occasional reef outcrop
5. Open water (break in reef)

Lagoon
1. Patch reef and seagrass meadow
2. Full seagrass cover
3. Reef pavement
4. Patch reef and sand
5. Sand

Nearshore
1. Sandy bottom, shallow seabed
2. Sandy bottom, deep seabed
3. Sandy seabed, nearshore zone

up to 50 m wide
4. Sandy seabed nearshore zone

up to 25m wide
5. Reef – pavement reef on

seabed/reef outcropping
nearshore
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Table 1.  Framework for Coastal Environmental Assessment (cont.)
Beach Type s
(1) Wave dominated flat beach
§ Wave height >2m
§ Wide flat beach
§ Surf zone >50m
§ Clean beach face
§ Multiple line of breakers
§ Bars and troughs
§ Rip currents present

Dune Types
(1) Low foredune plain
§ Dune height <3m AHD
§ Well vegetated
§ Stable

(2) Barred beach
§ Average wave height 1-2m
§ Surf zone over 25m wide
§ Multiple set of breakers
§ Bars tied to coast alternatively with rip

channels along the beach
§ Undulating (rhythmic) shoreline with

embayments shoreward of rips
§ Higher variable depths inshore
§ Clean beachface

(2) High foredune plain
§ Dune height >3m AHD
§ Well vegetated
§ Stable

(3) Wave dominated steep beach
§ Moderate waves – wave height 0.5-1.5m
§ Clean beach face
§ Single shore break with strong run up
§ Steep to deep water may be present
§ Surf zone 20-50m wide
§ No bars or troughs
§ Small rip currents
§ Clean beach face

(3) High foredune ridge with
minor blowouts
§ Dune height >5m AHD
§ Blowouts (10m wide & 25m

long)
§ <25-50% bare surface

(4) Narrow flat beach
§ Small waves, heights less than 0.75m
§ Flat low angled beach face
§ Fine sand
§ Surf zone <20m wide
§ Low bars and shallow troughs may be present
§ Seaweed in lines
§ Debris deposited along the beach

(4) High foredune ridge with large
active parabolic dunes
§ Dune height >5m AHD
§ Blowouts (>10m wide & 25m

long)
§ 50% bare surface
§ very unstable

(5) Narrow steep beach
§ Surf zone <10m
§ Coarse sand, shelly beach
§ Steep beach face <7°
§ Seasweed in lines
§ No bars & troughs
§ Ripples apparent in sea bed
§ Debris deposited in lines along beach
(6) Rocky
§ Beach rock
§ Rock platform outcropping at beach

(5) Mobile sand sheet
§ little or no vegetation cover
§ highly unstable

Beach stability
1. Very stable- unchanged in historical period
2. Moderately stable- shoreline fluctuation <0.5

m /year
3. Stable- shoreline fluctuation ± 0.5-1.0m /year
4. Moderately unstable – shoreline fluctuation ±

1.0-2.0 m /year
5. Very unstable – shoreline fluctuation ± >2

m/year

Dune stability
1. Very stable
2. Moderately stable
3. Stable
4. Moderately unstable
5. Very unstable
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Table 2. Perception of harm caused by coastal recreation activities
(results are % of responses)
Activity 1 2 3 4 5 6 n. r.

swimming 70.5 8.5 2.8 0.8 0 0.8 16.5
fishing 31.4 16.3 15.7 11.6 6.1 0.8 18.2
diving 36.6 16.3 15.7 10.5 2.5 0 18.5
surfing 55.1 13.8 5.2 3.6 0.8 0 21.5
boating/sailing 46 15.7 14.9 11.8 5.2 1.4 5
sandboarding 26.2 9.9 12.9 21.2 12.4 11 6.3
4WD driving 11.8 5.5 14 23.7 18.7 22 4.1
bushwalking 46.3 22.6 15.4 7.4 2.2 0.6 5.5
sightseeing 65.01 16.5 6.9 2.8 1.4 1.7 5.8
horseriding 17.6 14.6 18.7 18.5 7.2 8.3 15.2
camping 21.2 11 19.8 25.6 11 5.5 5.8

N=363            1  not harmful
2  minimum level of harm
3  minimum to moderate level of harm
4  moderate to high level of harm
5  high level of harm
6  very high level of harm

n.r.  no response
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Table 3: Visitors opinions towards tourism and the environment
Coasts need special care & protection if used by tourists
Opinion Total %

Strongly Agree 207 57.0

Agree 54 14.9
Neutral 51 14.0
Disagree 9 2.5
Strongly Disagree 23 6.3
No response 19 5.2
Total 363 100.0

Tourism is harmful to the environment
Opinion Total %
Strongly Agree 50 13.8
Agree 57 15.7
Neutral 118 32.5
Disagree 57 15.7
Strongly Disagree 67 18.5
No response 14 3.9
Total 363 100.0

Natural environments are a valuable resource
Opinion Total %
Strongly Agree 247 68.0
Agree 45 12.4
Neutral 35 9.6
Disagree 4 1.1
Strongly Disagree 19 5.2
No response 13 3.6
Total 363 100.0
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OVERVIEW OF TEMPORAL AND SPATIAL SCALING IN COASTAL
SCIENCE: INSIGHTS INTO NATURAL AND ANTHROPOGENIC

PROCESSES.

Terry A. Nelsen, National Oceanic and Atmospheric Administration

An established body of scientific evidence indicates that environmental studies
of local areas require a regional perspective in order to best evaluate the natural
systems we wish to understand.  Such studies are not bounded by geography or
the origin (i.e. natural vs anthropogenic) of the processes and changes we wish
to define, nor the discipline (i.e. biological, chemical, physical et cetera) of
interest.

One of the largest-scale examples of regional significance for North America is
the Mississippi River which drains approximately 41% of the continental United
States and thus integrates the influences of nearly half of the United States into a
point source as it enters the Gulf of Mexico.  Evidence of this integration
potential first emerged in a study of pollutant Pb measured in the Mississippi
Delta near-shore continental-shelf sediments (Trefry et al., 1985).  In brief, the
results indicated a strong positive co-variation between the U.S. consumption of
gasoline-based Pb and pollutant Pb in the Delta’s sediment (Figure 1) thus
providing an initial indication of regional linkage to local observations.

Figure 1. Correlation between consumption of Pb for U.S. gasoline products and
pollutant Pb in the sediment record near the mouth of the Mississippi River.

Nearly a decade later, in a subsequent study aimed at understanding the
enhancement of nutrients in the northern Gulf of Mexico (Estuaries, V. 17, No.
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4, Dec., 1994) the Mississippi River again played a pivotal role in understanding
the  exchange of anthropogenic materials (nutrients) from the continent to the
coastal ocean.  In a complex interaction between river-transported,
continentally-derived nutrients, coastal eutrophication, excess primary
productivity, and water-column conditions, seasonal hypoxia became a
significant feature of the northern Gulf of Mexico coastal ocean.  As with
anthropogenic Pb a decade before, the sediments recorded nearly a century of
transition in the community composition and diversity of the benthic biological
record (foraminifera and ostracods).  This was subsequently linked to the
fertilizer usage within the Mississippi River basin (Figure 2; Nelsen et al., 1994;
Blackwelder et al., 1996).  Such trends are not specific to the United States but
rather are examples of a more global linkage between continents and the coastal
ocean (Nelsen, 1996).

Figure 2. Transition in (A) the community structure of the benthic foraminifera,
(B) the reduction in their specie diversity toward present, (C) and the usage of
commercial fertilizer in the United States.
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Within the session we will provide four examples of how larger-scale influences
can impact local studies.  Although each will be for a specific region, the
concepts and methods are adaptable so as to not be site specific but rather be of
a generic applicability.  These will include two examples drawn from biological
studies (Hood et al.; Browder), chemical studies (Trefry, metal contamination)
and physical processes including rising sea level (Wanless).
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IDENTIFYING MULTIPLE STRESSORS IN THE COASTAL OCEAN:
THE ROLE OF MICROFAUNA IN DISCRIMINATING BETWEEN

NATURAL AND ANTHROPOGENIC INFLUENCES

Terri Hood1, Carlos Alvarez-Zarikian1, Patricia L. Blackwelder1,2, Terry A.
Nelsen3, Peter K. Swart1, and C. Featherstone3

1Rosenstiel School of Marine and Atmospheric Science, University of Miami
2NOVA Southeastern University

3NOAA/Atlantic Oceanographic and Meteorologic Laboratories

Selected groups of microfauna (benthic foraminifera and ostracods) living in and
on sediments are utilized to assess spatial and temporal changes in conditions in
the coastal environment.  Their small size allows characterization of entire
communities over century-long time scales from core samples.  Times of
environmental stress are indicated by decreases in abundance and diversity, as
well as by dominance of “survivor” species.  Causal relationships are
determined  using a number of lines of evidence.   These  include temporal
correlation with human activities and natural events,  as well as comparison with
sedimentological  and chemical information from the same core samples.  Other
aspects of the microfaunal communities that help to define the nature of the
environmental stressors include species tolerances/preferences (determined from
surface sediment data), information recorded in shell chemistry, and individual
shell morphology.  The duration and intensity of events which produce
environmental stress, such as low oxygen (hypoxia) and salinity fluctuation, can
be ascertained using these methods.

In the northern Gulf of Mexico, this approach is used to determine the temporal
evolution of hypoxic conditions caused by fertilizer runoff from the Mississippi
River (Nelsen et al, 1994; Blackwelder et al, 1996; Alvarez-Zarikian et al., this
volume).  Recent observations on the Louisiana continental shelf report
increasing incidence and severity of seasonal bottom-water hypoxia (<2 mg/l
O2) (Rabalais et al, 1991).  Rising levels of nutrient concentrations in the
Mississippi River, with corresponding increased seaward fluxes (Bratkovich and
Dinnel, 1992) are implicated.  Unfortunately, neither data set is of  sufficient
duration to chronicle the evolution of hypoxic conditions.   The goal of this
study is twofold:  first, the identification and discrimination of hypoxia from
other co-occurring stressors using present-day surface sediment microfaunal
communities and indicator species.  This data set is then used to interpret
temporal variation of microfaunal communities in a sediment core recovered
from an area of chronic hypoxia, representing the turn of the century  to present
(1991) (Figure 2).  In the surface sample data set, community diversity and
richness/evenness analyses indicate three regimes:  high stress (plume-sediment
dominated), intermediate stress (hypoxia dominated), and low stress (low
sediment accumulation/high oxygen).  Species and assemblages characteristic of
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each regime are identified.  In the sediment core, hypoxia-tolerant assemblages
increase markedly upcore, while hypoxia-intolerant species decrease or
disappeared completely from the site (Figure 3). Trends and inflection points in
the diversity and dominance indices are observed to temporally correspond to
those of recorded fertilizer application in the United States (Figure 3).  The
combined data set suggests that seasonal hypoxia began in the area around 1940,
increasing in frequency/intensity until about 1960.  It  has subsequently
remained a dominant coastal ocean feature in the northern Gulf of Mexico until
the present.

In Florida Bay, the combination of shallow water and monsoon-type rainfall
creates much greater environmental variability than in the northern Gulf of
Mexico.  Natural stressors include hurricanes and droughts.  An anthropogenic
stressor under study  is variation in delivery of fresh water into the bay due to
water management practices in South Florida over the last 60 years.  In the last
decade, seagrass dieoffs, algal blooms, and hypersaline events in Florida Bay
have led to the hypothesis that overall salinity is increasing, with South Florida
water management implicated as a causal factor (McIvor et al, 1994).  A
combined surface sediment and core investigation was carried out to address this
hypothesis.  Hurricanes are recorded in the cores to a greater or lesser degree,
depending upon the severity and path of the hurricane as well as the exposure at
the core site.  They are typically indicated within the cores by disruptions in the
210Pb and carbon profiles (Nelsen  et al, 1994) (Figure 4).  Hurricane-induced
sediment movement creates a microfaunal assemblage atypical for the site.  For
example, in Oyster Bay, the 1960 sediment interval indicates movement of
continental shelf species into Oyster Bay (Figures 1 and 4).  This is consistent
with the direction of last winds for Hurricane Donna at that location.
Discrimination between drought and South Florida water management effects is
more complex.  The overall effect of diverting water flow eastwards into the
Atlantic Ocean and lowering water levels to prevent flooding is decreased fresh
water flow into the southern bays.  Periods of decreased rainfall have a similar
effect; both can result in increased salinity in bay areas of restricted exchange
with adjacent marine waters.  Comparison of microfaunal community
characteristics with documented historical rainfall in the area shows a strong
coupling between the two at the mid-Florida Bay site, suggesting that salinity in
this area is largely dependent on rainfall. This is in contrast to what is observed
at the Oyster Bay site, which directly receives the majority of Everglades water
flow via Shark River Slough. Here rainfall-microfaunal coupling is not as
obvious; in particular, the microfauna in the post-1970 period exhibit
community changes temporally decoupled from and of greater magnitude than
rainfall changes.  Instead, temporal correlation is observed with changes in
South Florida water management policies (Figure 5).  Oxygen isotopic analysis
of foraminifer tests and ostracod valves indicate pronounced
drought/evaporative conditions at the site during the “Rainfall Plan” of water
management, even though rainfall was no less than during the previous
“Monthly Allocation Plan” period.  Overall microfaunal community trends
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suggest that the “Monthly Allocation Plan” mitigated drought effects at the
Oyster Bay site , while the “Rainfall Plan” exacerbated them.

The current focus of our research group is the identification of ways that the
microfauna can be used as indicators of short-term variability in environmental
conditions within a historical context.  For example, has the salinity at a site
become more variable over time?  The morphology and shell chemistry of
ostracod valves potentially record site variability.  Valves are typically formed
in hours, and thus provide “snapshots” of ambient environmental conditions.
We have determined that the ostracod Cyprideis salebrosa systematically
changes the shape of its sieve-pores in response to salinity, and that valve
populations can be used to estimate mean salinity and, more importantly,
salinity variability (Figure 6).  Understanding and predicting salinity variability
in coastal settings is of increasing importance in the context of  anthropogenic
activities and associated effects on global climate change.
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Figure 1:  Location map for Florida Bay/Lower Everglades NOAA
Retrospective study (OB = Oyster Bay core, JK = Jimmy Key core).

Figure 2:  NOAA/NECOP (Nutrient-Enhanced Coastal Ocean Productivity)
study area, northern Gulf of Mexico (Legend:  number of years per 9 that site
experienced hypoxia).
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A: Use of Fertilizer in the U.S.
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Figure 3:  NECOP core 10, in an area of chronic hypoxia.  A)  Fertilizer application in the
United States during the 20th century.  B)  Core 10 Shannon-Weiner (SWDI) and
Simpson (SDI) diversity indices for benthic foraminifera.  C)  Relative percentages of
hyaline, porcellaneous, and agglutinated benthic foraminifera.
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Figure 4:  Hurricane-related signals in the upper portion of the Oyster Bay core (Florida Bay study).
A)  210Pb profile (open circles are intervals associated with hurricanes/tropical storms).  B)  Organic
carbon content.  C)  Percent continental shelf benthic foraminifer species.
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Figure 5:  Oyster Bay core.  A)  Abundance and diversity (SWDI) of benthic
foraminifera.  B)  δ18O and δ 13C of benthic foraminifer tests (Ammonia parkinsoniana
typica).  C)  SFWMD water management policies.
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Figure 6A)  Cyprideis salebrosa sieve-pore shape and salinity (South Florida).

Figure 6B)  Valve sieve-pore distributions from a constant low salinity site (dark
circles, Avocado Creek, 0-5 ppt) and a variable salinity site (light circles,
Whitewater Bay, 5-30 ppt).
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THE WATERSHED APPROACH TO MAINTAINING FISHABLE
STOCKS

Joan A. Browder, Southeast Fisheries Science Center , National Marine
Fisheries Service/NOAA

Introduction

Loss or degradation of estuarine habitat may be equal to, or more important
than, fishing pressure in the loss of fishery production.  However the problem
and threat is poorly recognized outside of the salmon fishery.  In the Gulf of
Mexico roughly 95% of fishery production is estuarine dependent, involving
fishery species that spend all or a part of their life cycle in estuaries.  Estuaries
provide essential nursery habitat for many coastal species, including those that
spawn—and are harvested—outside the estuary.

Freshwater inflow is a key factor in establishing the condition of estuarine
nursery grounds.  Freshwater inflows bring nutrients, biologically active
dissolved organic compounds, and organic detritus to the estuary.  They also
provide a dilution factor that sets estuaries apart from the ocean in terms of
salinity.  Salinity is a very important physiological factor that influences
distributions of both plants and animals (e.g., see Kinne, 1971). While estuarine
species are tolerant of a wider range of salinity than are tolerated by oceanic
species, few species are tolerant of the full range of salinity found in estuaries.
Rather, there are assemblages of species associated with each salinity zone.
Salinity is only estuarine variable that is important to species distribution and
abundance.  Shoreline configuration, depth, bottom type, and bottom cover also
can be important, particularly to demersal species.

Estuarine production may be a function of the area of overlap of favorable
salinity with favorable shoreline or bottom habitat (Browder and Moore, 1981;
Browder, 1991). The quantity and timing of freshwater inflow determines
whether the spread of salinities across an estuary is broad or narrow and the
rapidity of salinity change over time. Furthermore, the amount of freshwater
inflow determines where the salinity range that is favorable to any given species
is positioned in relation to other aspects of habitat required by that species (e.g.,
shoreline configuration, bottom type).  The habitat quality of an estuary must be
dependent upon the spatial matching of the favorable salinity range with
shoreline or bottom features that also are favorable.

When the freshwater flow regime of an estuary is changed by water
management and a shift in isohalines occurs, the area of overlap between
favorable salinity and favorable habitat may be reduced or even eliminated.  For
example, an increase in flows may shift the 5-18 ppt salinity range offshore,
away from shoreline features needed by a species association.  On the other
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hand, a reduction in freshwater flow may bring the 30-36 ppt salinity range into
tidal creeks, which are inappropriate for the species requiring tidal creek habitat.

Change in freshwater inflow probably is the most underrated cause of loss or
degradation of estuarine habitat.  Inflow changes take place in the watershed,
sometimes remote from where the impact is felt.  Canal construction, wetland
drainage, dam construction, urbanization, other land development, and forest
clearing are probably the most common causes of change in freshwater inflow.
The quantity and timing of freshwater inflow to estuaries has been altered
throughout the Gulf of Mexico.

The problem of freshwater flow alteration is of particular concern in South
Florida, where drainage and flood control projects include the massive Central
and Southern Florida Project (C&SF Project), constructed by the U.S. Army
Corps of Engineers and operated by the South Florida Water Management
District.  The environmental degradation associated with the C&SF Project, now
more than 50 years old, is widely recognized.  Currently the Corps and the
District are leading a multi-governmental and multi-agency effort to reconfigure
the system to make it more ecologically friendly.  Reestablishment of a more
natural freshwater flow to Florida Bay is one planning objective.

Large parts of Florida Bay can become hypersaline and can stay that way for
several years.  These parts of the bay are very sensitive to loss of freshwater
inputs.  Hypersaline conditions render this part of the bay poor habitat for many
species.  Only a few species are found under extreme hypersaline conditions.
The central part of Florida Bay is the most prone to hypersalinity, but
hypersaline conditions can spread from there to the western and eastern part of
the bay and even extend into the southwestern part of the bay.  The species that
are displaced from hypersaline areas cannot necessarily find suitable habitat
somewhere else because bottom characteristics differ from one part of the bay to
another.

Ecological indicators are being used in the effort to redesign the C&SF water
management system.  Pink shrimp, Farfantepenaeus duorarum, is being used as
an indicator of the ecological health of Florida Bay.   Pink shrimp is an example
of a fishery species that is harvested offshore and yet dependent upon estuaries.
Major nursery grounds for pink shrimp are found in Florida Bay and the
mangrove estuaries of Florida’s southwest coast. The fishery experienced a
serious decline beginning in the 1980s and continuing into the 1990s (Sheridan,
1996; Ehrhardt and Legault, 1999).

Associations of pink shrimp have been found with both habitat and freshwater
inflow.   Sheridan (1992) found that pink shrimp densities are greater in seagrass
beds than in mangrove or bare-bottom areas.  Robblee (1991) confirmed this
relationship and also found that pink shrimp densities in Florida Bay are greater
near islands or on banks than in basins.  Browder (1985) found a statistically
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significant relationship between pink shrimp landings and an index of freshwater
inflow to the coast from the Everglades.  Subsequently, Sheridan (1996)
successfully predicted annual pink shrimp landings from the Tortugas using
various freshwater flow indices.  Pink shrimp was selected as a biological
indicator species based on this work.

Pink shrimp is an appropriate performance indicator for several reasons.  Pink
shrimp is one of the highest valued fisheries in Florida in terms of ex-vessel
value, and most of the landings come from the Tortugas grounds.  Pink shrimp
are important in the ecosystem, as well as in the economy, because they are a
major prey for gray snapper and other gamefish species.  In addition, they are a
prey of Great White Herons, Little Blue Herons, and other wading birds that
feed on the shallow banks in Florida Bay. Pink shrimp is considered an annual
crop because individuals seldom live more than one year.  A long database
exists for observation and analysis of this species.  Catch and effort data for this
fishery have been collected by the National Marine Fisheries Service (originally
the Bureau of Commercial Fisheries) since 1960, just a few years after the
fishery started.

New research to support the use of pink shrimp as a biological indicator has
been in progress for several years.  Empirical relationships between pink shrimp
catch rates and freshwater input variables have been developed for immediate
use in the restoration effort.   Both the empirical performance measure models
and research results will be briefly described.

Performance Measure Models

Two empirical models for pink shrimp performance measures have been
prepared so far: (1) to assess results of restoration efforts, and (2) to select
among design alternatives.

Interpretation of Monitoring Data

As the new configuration for the C&SF Project is implemented, the scientific
community will be monitoring its effects, much like periodic checkups in which
the doctor listens to the heart and takes the pulse of his patient.  Performance
measures are the “vital signs” by which scientists periodically determine the
well being of the ecosystem.  Tortugas catch rate, or catch per unit of effort, was
the variable selected as the appropriate performance measure for pink shrimp.
Catch rate is viewed as a rough approximation of abundance in fishery species.

In South Florida, one problem with assessing the effect of water management by
means of monitoring performance measures is that most performance measures
can be influenced by rainfall, which varies from one year to the next, as well as
by water management.  Therefore, in determining effects, it is important to have
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a means of taking rainfall variation and its effects into account.  The approach
used for pink shrimp is an example of one way in which this can be done.

  An empirical model was prepared based on a statistical relationship between
pink shrimp catch rates and rainfall determined from the long-term record.   The
model was used to predict annual average catch rates for a year beyond the data
used in developing the model. Confidence limits around the prediction were
used to determine whether the difference between the observed value and the
predicted value was significant.  Then the difference between the model
prediction and observed average annual catch rates was calculated.  The
following ratio is the annual index of performance:

(Predicted – Observed)/ Observed

A number greater than 1 was the target.

A general linear modeling approach was used to develop models relating catch
rates to rainfall for two size classes, recruits (small, < 68-count shrimp) and the
remainder of the catch (large shrimp).  Annual average catch rate was calculated
for biological years from July through June.  Data for the 31-yr period 1964-65
through 1994-95 were used in the analyses.  The independent variables were
monthly total rainfall at Royal Palm Hammock in Everglades National Park for
each of the months of the preceding calendar year (e.g., 1964-65 annual catch
rate was examined in relation to monthly rainfall for each of the months January
through December, 1964).  The rainfall data for each year overlaps with the
biological year with which it is matched in the analysis, but lags the start of the
biological year by as much as 6 months.  The independent variables were
standardized around the mean for this analysis so that the regression coefficients
would be comparable.  Then the months with the lowest regression coefficients
were excluded from the analysis and a new model was prepared.  A dummy
variable that distinguished the years 1981-1995 from the earlier years was used
for the small shrimp equation and a dummy variable that distinguished the years
1982-1995 was used for the large shrimp equation.  The dummy variables may
approximate a change in fishing habits associated with a change in the market
around the beginning of the 1980s.  On the other hand, it may represent some
unknown environmental variable affecting shrimp abundance or catchability.

The resulting models explained 89% (small) and 76% (large) of the variation in
catch rate.  The effect of rainfall on catch rate was positive for some months and
negative for others, suggesting that timing of rainfall is important.  Predictions
were made for the biological year 1995-1996 and compared to observed average
catch rates for that year.  The observed catch rate was within the 95%
confidence range boundaries for the large shrimp but, for small shrimp, was
outside these boundaries in a positive direction.  This suggested improvement in
catch rate (~ abundance) greater than that expected on the basis of rainfall alone.
Although none of the planned structural changes in the C&SF system had been
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made by 1995-1996, operational changes may have occurred that improved the
performance of the system relative to pink shrimp.  On the other hand, changes
not due to rainfall could be due to variation in some unknown environmental
variable not accounted for by our dummy variable.

Evaluation of Alternative Configurations of the C&SF System

A second empirical model was prepared to evaluate the simulation output of
hydrologic models used to compare alternative proposed configurations of the
system. The new model related Tortugas pink shrimp catch rates of small shrimp
to releases of fresh water into Everglades National Park at its northern boundary,
which is immediately downstream from the leveed Everglades Water
Conservation Areas.

General linear modeling techniques were used to develop the alternative-testing
model.  The model used in alternative testing explained 92% of the variation in
average annual catch rate.  Total monthly water releases for several months
explained over 57% of variation in catch rate.  The rest of the explained variance
was due to other variables.  These included large shrimp catch rates the previous
year, average monthly Key West air temperature (as a proxy for water
temperature) for several months.  The relationship between catch rate and water
flow was positive for some months and negative for others, suggesting that
timing as well as volume is important.

Pink Shrimp Research

Pink shrimp research in Florida Bay is organized around a computer model that
simulates recruitment from the Bay as the outcome of growth and survival, as
influenced by temperature and salinity.   The research has had two major
components:  model simulations and laboratory experiments on growth and
survival.

Simulation Model

The working hypothesis of the simulation modeling effort is as follows.  Salinity
patterns differ substantially from one part of the bay to another and from year to
year within any one area.  Therefore, the number of recruits produced per unit
area of bay bottom can vary to the extent that growth and survival are influenced
by salinity and temperature.  We predicted that substantial site-to-site and year-
to-year variation in recruitment from Florida Bay could occur.  Temperature as
well as salinity was included in the model because temperature has a known
effect on both growth and survival and also because there might be synergistic
effects of salinity and temperature on growth and survival.  We had only limited
data concerning the effects of salinity and temperature on growth and survival
when we developed the model and ran our simulations.  We have later acquired
more comprehensive data, but have not yet incorporated it into the model.  Our
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initial simulations were limited to a temperature effect on growth and effects of
both temperature and salinity on survival.  We projected beyond the range of our
data.

Simulation results confirmed our prediction that potential recruitment could
differ substantially from site to site and year to year.  In our first set of
simulations, we predicted potential recruitment for three years from 12 different
parts of the bay.  We ran the model using the local temperature and salinity data
specific to each region.  Recruitment per unit area of bay bottom differed over a
million-fold from one bay region to another.  The difference among bay region
was even more pronounced when their total areas were taken into account.
Consideration of differences in area of favorable bottom habitat among the parts
of the bay further increased the disparity.  We concluded that recruitment was
likely to be important from only three parts of the bay—two in particular
seemed appropriate for further study: the western bay and the central bay.   Most
interestingly, the year to year variation in potential recruitment from the central
bay was enormous, ranging from less than 10 million weight units harvested in
1994 to almost 70 million weight units harvested in 1995.  (It is inappropriate to
express the harvest in terms of pounds or kilograms because it is hypothetical
and not scaled to actual harvests.)

In a later simulation effort, we simulated potential recruitment from the western
and central parts of the bay over a 9-year period (working with a summer cohort
only).  The sharp year to year differences in recruitment from the central region
was repeated in the longer simulated time series, as was the more stable
recruitment from the western region.

Growth and Survival Experiments

Since running our simulations, Zoula Zein-Eldin in the Galveston Laboratory of
the National Marine Fisheries Service has conducted experiments on growth and
survival over a range of temperatures and salinities involving more than 1200
young shrimp, each maintained in its own beaker with oxygen and food
supplied.  The experiments covered the entire range of salinity and temperature
found in Florida Bay and nearby embayments.  These later experiments
confirmed our earlier observation that 30 ppt was the optimum salinity for pink
shrimp survival.  We also learned that 30 ppt was the optimum salinity for pink
shrimp growth.  The sensitivity of both growth and survival to salinity was
temperature-dependent.  Total length also affected survival and growth.  New
simulations will be run with the relationships developed from these data.

Search for Confirmation

The earlier work of Browder (1985) and Sheridan (1996), together with our
biological indicator analyses suggest that freshwater inflow to Florida Bay
influences recruitment to the Tortugas fishing grounds.  Our simulation model,
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in combination with our laboratory experiments, suggests that salinity in Florida
Bay affects recruitment to the Tortugas fishery.  It seems that the probable way
in which fresh water inflow affects pink shrimp recruitment is through its effect
on the salinity regime in Florida Bay.  To gain more evidence that this might be
the case, we examined pink shrimp recruitment in relation to observed salinity in
the western and central bay.  The time series was very short compared to that we
had for relating recruitment to rainfall and water releases to Everglades National
Park, however we did find a weak, but significant, relationship between monthly
recruitment and time-lagged monthly average salinity in both cases.

Watershed Approach

Other fishery species also are affected by conditions in Florida Bay and other
South Florida estuaries.  By becoming involved in the South Florida restoration
effort, fishery scientists are taking a watershed approach to improving fishery
habitat.  The South Florida example will hopefully promote sustainable fisheries
and will provide inspiration for further involvement in watershed management
by fishery scientists and managers.

References

Browder, J. A. 1985. Relatinship between pink shirmp production on the
Tortugas grounds and waer flow patterns in the Florida Everglades. Bulletin of
Marine Science 37:839-856.

Browder, J.A. 1991. Watershed management and the importance of
freshwater flow to estuaries. Pages 7-22 in S.F. Treat and P.A. Clark (eds.),
Proceedings, Tampa Bay area scientific information symposium 2. 27 February-
1 March 1991; Tampa, Florida, 528 pp.

Browder, J. A. and D. Moore. 1981. A new approach to determining the
quantitative relationship between fishery production and the flow of fresh water
to estuaries. Pages 403-430 in R. Cross and D. Williams (eds.). Proceedings,
national symposium on freshwater inflow to estuaries, vol. 1. FWS/OBS-81/04.
US Fish and Wildlife Service, Washington, DC.

Ehrhardt, N. M. and C. M. Legault. 1999. Pink shrimp, Farfantepenaeus
duorarum, recruitment variability as an indicator of Florida Bay dynamics.
Estuaries 22:471-483.

Kinne, O. 1971. Invertebrates. Pages 821-995 in H. Barnes (ed.), Marine
Ecology, Vol. 1, Part 2. Wiley-Interscience, New York.

Robblee, M. B. , S. D. Jewell, and T. W. Schmidt. 1991. Temporal and
spatial variation in the pink shrimp, Penaeus duorarum, in Florida Bay and
adjacent waters of Everglades National Park.  Annual report of South Florida
Research Center, Everglades National Park, 40001 Sate Road 9336, Homestead,
Florida 33030.

Sheridan, P. F. 1992. Comparaive habitat utilization by estuarine macrofauna
within the mangrove ecosysem of Rookery Bay, Florida. Bullein of Marine
Science 50:21-39.



712

Sheridan, P. F. 1996. Forecasting the fishery for pink shrimp, Penaeus
duorarum, on the Tortugas grounds, Florida. Fishery Bulletin 94:743-755.

Joan A. Browder
National Marine Fisheries Service/NOAA
Southeast Fisheries Science Center
75 Virginia Beach Drive
Miami, Florida 33149
Phone: (305) 361-4270
Fax: (305) 361-4478
Email: Joan.Browder@noaa.gov



Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

713

THE INFLUENCE OF BASIN-SCALE PROCESSES ON SEDIMENT
METAL CONTAMINATION

John H. Trefry, Division of Marine & Environmental Systems
Florida Institute of Technology

Introduction

Contaminated sediments are a continuing hazard to the health of our coastal
environment.  The severity of such contamination is, in part, a function of the
magnitude of anthropogenic inputs relative to the basin-wide delivery and
dispersion of sediment.  When available, quantitative information for both
sediment and contaminant inputs to a coastal area (i.e., a source term) can help
us to predict the degree of contamination.  This predictive capability is improved
and validated with knowledge about the uptake and transport of contaminants by
suspended sediment and subsequent deposition patterns (i.e., a sink term).
Regional-scale information about natural and anthropogenic processes in a
drainage basin and the corresponding depositional environment can help with
choices of future management or monitoring strategies.  Sometimes, in the
absence of detailed, up-to-date information on anthropogenic sources and sinks,
retrospective analysis or careful use of limited data can provide the desired
broad perspective on sediment contamination.

This paper discusses use of basin-scale conceptualization to help evaluate,
predict and manage sediment contamination from trace metals.  No specific
model for the evaluation process is given here; rather, a variety of concepts,
sample calculations and personal experiences are shared.  Such thinking is
certainly not new; however, the process can be continually improved by the
lessons that we learn from new data and examples.  A certain degree of
flexibility is inherent in this approach, as no two systems are the same.  A
primary theme of this paper is to use source and sink concepts to help formulate
answers to a variety of scientific and management questions.

Three different case studies are presented here to promote discussion.  Each
example highlights a somewhat different perspective in the overall
conceptualization process.  In the first case study of lower Cook Inlet and
Shelikof Strait, Alaska, reasonably current information for sediments and trace
metals are available for the source and sink terms; thus, a strong predictive
capability is possible.  In the second case study of the Mississippi River and
delta, a rich information base exists for sediment transport.  However, detailed
data for anthropogenic inputs to the river are more difficult to compile due to the
size, diversity and varied activities of the drainage basin.  Thus, the source-sink
concepts are developed in this case using metal values for river suspended
sediment, coupled with retrospective analysis of deltaic sediments.  Finally, the
third case study of Manatee Pocket, Florida, considers the more common
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situation of a small drainage basin with little data for either the source or sink
terms.  Here, retrospective analysis provides one useful approach to piecing
together a regional picture.

Predicting and Validating Sediment Metal Concentrations in Lower Cook
Inlet and Shelikof Strait, Alaska

Lower Cook Inlet and Shelikof Strait, Alaska, lie down current of the
municipality of Anchorage and offshore oil platforms that have been in
operation in upper Cook Inlet since the early 1960s.  Our 1997-99 study was
funded by Minerals Management Service (MMS), U.S. Department of Interior,
to identify the magnitude and historical record of metal and organic
contaminants in area sediments.  Such information is needed to make sound
management decisions with regard to future oil and gas development.  Data
from our literature reviews, field surveys, laboratory analyses and subsequent
interpretation (Boehm et al., 2000) are used to formulate the basin-scale
perspective.

Approximately 70 x 106 metric tons of sediment per year are transported to
lower Cook Inlet and Shelikof Strait and deposited over an area of about 22,000
km2.  The primary sediment source is the Susitna, Knik and Matanuska river
system with a drainage basin of ~59,000 km2.  Additional sediment is derived
from the Copper River (total drainage basin = 63,000 km2 with an estimated
contribution of 10-20% from the sediment load of the Copper River to Shelikof
Strait).  Natural inputs of trace metals were calculated using the chemical
composition of suspended sediment and flow data for the four main rivers,
upstream of potential anthropogenic inputs (Table 1).  This information was
obtained from several sources including the U.S. Geological Survey (USGS),
the National Oceanic and Atmospheric Administration (NOAA) and the U.S.
Environmental Protection Agency.  Annual discharges of contaminants were
calculated from compilations in environmental impact statements and data
associated with permits for discharging effluents.  Data for anthropogenic inputs
in this study area were more readily compiled because of the smaller number of
significant sources for metal contaminants relative to a drainage basin like that
of the Mississippi River.  The resulting summary (Table 1) provides a first-order
comparison of natural versus anthropogenic inputs of metals to the study area.

The source information in Table 1 can be used to predict which metals have the
greatest potential to yield a detectable anthropogenic component in the
sediments of Shelikof Strait.  For example, to observe a 1% increase in Pb levels
in area sediments (i.e., to increase natural Pb levels in sediment from 13 to ~13.1
µg/g), 17 metric tons of anthropogenic Pb must be introduced annually.
Estimated inputs of anthropogenic Pb to that area from municipal and industrial
sources are about 2 tons per year.  Therefore, the likelihood of finding sediments
contaminated with Pb in lower Cook Inlet and Shelikof Strait is low, assuming
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that the sediment/contaminant load is well mixed and somewhat evenly
dispersed, as discussed below.

Table 1.  Inputs of sediment metals to lower Cook Inlet and Shelikof Strait
(details in Boehm et al., 2000).

Metal Natural Inputs

(metric tons/y)

Anthropogenic
Inputs

(metric tons/y)

Anthropogenic Inputs
Required for a 1% Increase in
Sediment Conc.
(metric tons/y)

As

Ba

Cd

Cr

Cu

Hg

Pb

Zn

1000

30,000

150

6000

2600

10

1700

6600

0.5

1700

0.5

2

6

0.04

2

6

10

300

1.5

60

26

0.10

17

66

Present-day inputs of anthropogenically-derived metals also account for <1% of
natural inputs for other metals with the exception of Ba (Table 1).  Based on
these results alone, we would predict that sediment in Shelikof Strait is unlikely
to be contaminated with As, Cd, Cr, Cu, Hg or Zn.  In the most extreme case,
Ba, the data suggest a 6% increase in natural levels of Ba.  However, with
natural Ba levels of 860 ± 50 µg/g, such an increase would be difficult to
identify.

The field and laboratory results from our study can help validate the data in
Table 1.  Our results show that sediment deposited in lower Cook Inlet and
Shelikof Strait are well mixed during transport from upper Cook Inlet and
accumulate at rates ranging from 0.1 to 1.3 cm/y.  No record of Pb enrichment
above natural levels was found in area sediments over the past 100 years with
sediment Pb concentrations from 14 cores averaging 13 ± 1 µg/g.  Results for
other metals in ~100 surface samples and ~150 sub-surface samples show
similar trends of relatively uniform concentrations (±10-20%) and metal/Al or
metal/Fe ratios.  No localized hot spots for metals were observed in the study
area.  Thus, in  lower Cook Inlet and Shelikof Strait, the perspective provided by
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the source data is consistent with field results, showing no detectable levels of
anthropogenic metals in area sediments.

A variety of scientific and management questions may be answered within the
context of the conceptualization discussed above.  For example, a key question
during the recent MMS study was, “Have sediments from lower Cook Inlet and
Shelikof Strait been contaminated with metals by area activities during the past
40 years?”  In addition to being able to answer “no,” the reason for this answer
can be ascribed to the very high natural sediment load relative to low inputs of
anthropogenic metals.  A possible follow-up question is, “What future
monitoring strategies should be established?”  First, continued monitoring of
anthropogenic loading to the system (i.e., a source term) via discharge records
seems valuable because we now have a sense of what metal levels the system
can assimilate.  Second, long-term monitoring of sediment in lower Cook Inlet
and Shelikof Strait for metals can be significantly reduced in scope with respect
to metals, sites and periodicity.  Overall, contaminant inputs now can be tracked
with a better understanding of downstream implications.  One possible misuse of
this new information is to say that the large sediment loads of this Alaskan
system can assimilate more contaminant metals.  However, such decisions about
regulating or increasing anthropogenic inputs must be based on a variety of
other factors (e.g., the dissolved metal fraction, seasonal aspects, etc.), in
addition to including a reasonable margin for error.  As more complex questions
arise, the source-sink concepts provide a valuable framework from which to
build future answers.

Tracking Basin-Scale Inputs of Contaminant Metals to the Mississippi
River and Adjacent Gulf of Mexico

A basin-scale perspective for the Mississippi River system and adjacent areas in
the Gulf of Mexico is more complex than that described above for Cook Inlet
and Shelikof Strait.  However, the U.S. Army Corps of Engineers and the USGS
carefully monitor water and sediment flow in the Mississippi River system,
thereby providing a good database for transport.  Estimates for inputs of
contaminant metals are more elusive due to the very large number of point and
non-point sources throughout the system.  Thus, a somewhat different, but still
useful, approach to obtaining a basin-scale picture can be developed.  In this
case, the flow data, when coupled with available chemical concentrations for
river water and suspended sediment, can be used to calculate and track basin-
wide inputs of contaminants from all sources combined, as described below.
The Mississippi River system drains about 43% of the contiguous United States
(drainage basin = 3.2 x 106 km2) and carries an average of 140 x 106 metric tons
of suspended sediment per year. Thus, sediment transport via the Mississippi
system is only double that described for the Alaskan system; however,
dispersion of Mississippi River sediment is over an area >200,000 km2, ~10
times greater than the depositional area in Alaska.  The Gulf of Mexico also has
>2000 oil platforms as potential point sources of metal contamination.
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In terms of an example, the case for Pb is simplified because >95% of the Pb
load of the Mississippi River system is carried by suspended sediment and Pb is
not subject to significant diagenetic remobilization in bottom sediment.
Previous data from National Science Foundation (NSF) and NOAA sponsored
research (Trefry et al., 1985) showed that anthropogenic Pb concentrations in
Gulf of Mexico sediments could be determined from total Pb concentrations by
subtracting the value for natural levels based on the Pb/Al ratios from pre-1850s
sediment [{Anthropogenic Pb in sediment = Total Pb – (Pb/Al)1850 x Total Al}
where natural Pb/Al = 2.5(±0.2) x 10-4 and typical pre-1850s Pb levels were ~20
µg/g].  The expression for determining concentrations of anthropogenic Pb also
can be applied to river suspended sediment.  Then, anthropogenic Pb levels for
river particles can be used to calculate river burdens of anthropogenic Pb using
available data for sediment transport.

In lieu of basin-scale data for anthropogenic inputs from various sources, we can
try to identify trends and make interpretations for selected metals based on the
data in Table 2.  For example, the 40% reduction in the anthropogenic Pb load
of the Mississippi River noted during the early 1980s (Trefry et al., 1985) has
continued such that estimates for the early 1990s show ~70% decline since the
mid-1970s.  This decline still follows a trend matching the decreased use of Pb
as a gasoline additive.  A similar decline in transport of anthropogenic Cd also
can be demonstrated with the available data (Table 2).

Table 2.  Inputs of Pb and Cd to the Gulf of Mexico from the Mississippi River.
Values for U.S. consumption of Pb in gasoline additives and total Cd are from
the U.S. Bureau of Mines (1972-93).

Years Anthropogenic
Pb Transported

by Miss. R.

(metric tons/y)

Gasoline Pb
Consumption

in U.S.

(metric tons/y)

Anthropogenic
Cd Transported

by Miss. R.

(metric tons/y)

U.S. Total
Consumption

of Cd

(metric tons/y)

1974-
75

1982-
83

1990-
92

3600

2100

1100

210,000

104,000

<20,000

180

90

40

4700

3700

3300

Collectively, this information provides strong validation of U.S. regulations and
practices that improve sediment quality with respect to these two metals.  The
results in Table 2 also reinforce the value of taking the pulse of large systems at
regular intervals.  A similar approach to tracking anthropogenic Pb inputs to the
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North Atlantic Ocean has been followed by Boyle et al. (1994).  Their results
show a four-fold decrease in Pb levels in surface waters of the North Atlantic
Ocean during the 1980s.  Confirmation of best-management practices on a
regional scale is one valuable product of the overall process being discussed
here.  However, a variety of other questions can be addressed using the
information that comprises the source-sink database.

The Small Contaminated Basin of Manatee Pocket, Florida

A detailed data set for sediment and contaminant sources or sinks often is not
available for small coastal basins.  Nevertheless, a regional-scale
conceptualization sometimes can be reconstructed through retrospective analysis
of the sedimentary record.  For example, detailed source and sink data are not
available for Manatee Pocket, located on the southeastern coast of Florida.
Manatee Pocket spans only ~0.23 km2 and is fed by several small creeks with a
sill at the distal end of the system where it empties into the lower St. Lucie River
and the Indian River Lagoon.  This small embayment is a very efficient trap for
incoming sediment.  As part of a study funded by the South Florida Water
Management District (Trefry et al., 1992), the depth of fine-grained sediment
was determined for about 60 sites using a simple probe technique.  Then,
sediment cores were collected from 12 locations for chemical analysis and age-
dating.

The total amount of organic-rich, fine-grained sediment in Manatee Pocket was
calculated to be 0.18 x 106 metric tons from detailed maps and sediment depth
information.  This deposition occurred during the past 100+ years with an
average deposition rate of about 1500 metric tons per year since 1950, based on
data for excess 210Pb and 137Cs.  Sediment metal contamination was found only
in the top layers of sediment deposited since about 1950 (Figure 1).
Concentrations of anthropogenic Pb in these recent sediments averaged about 30
µg/g, yielding a total annual input of ~0.045 metric tons (45 kg) of
anthropogenic Pb.  This annual load of anthropogenic Pb is 40 and 24,000 times
less than calculated for Shelikof Strait or the Mississippi delta, respectively.
However, based on concentrations of anthropogenic Pb in the sediment, the
severity of contamination in Manatee Pocket, at 30 µg/g, is considerably greater
than levels for anthropogenic Pb of <1 and ~7 µg/g, for the Alaskan and
Mississippi River systems, respectively.  On the positive side, some indication
of lower Pb levels was found in sediments deposited in Manatee Pocket during
the past 20 years, similar to observations made for the Mississippi delta.
Concentrations of Hg (Figure 1), Cd, Cu and Zn in sediments from Manatee
Pocket follow a similar trend to that described for Pb (Trefry et al., 1992).
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Figure 1.  Vertical profiles for levels of Pb, Hg and 137Cs in sediments from
Manatee Pocket, Florida.

Retrospective analysis shows that Manatee Pocket has a long history of heavy
loading of organic-rich sediment; however, the incoming sediments have been
burdened with metal contamination only since the 1950s.  Some recent signs of
lower metal loading are present.  Should Manatee Pocket be dredged?  What can
be done to prevent continued inputs of contaminated sediments?  How should
future monitoring be carried out?  The answers to these questions benefit greatly
from source-sink information.  Only the top 30-50 cm of sediment need to be
dredged to remove metal contamination.  Dredging to a deeper depth removes
the hydrogen sulfide-rich sediments; with the final decision on depth most likely
to be based on cost.  Design of upstream dams and retention ponds can be more
practically formulated with knowledge of the magnitude of annual sediment
inputs derived from the retrospective analysis.  Monitoring studies may best
focus on surface sediments at selected sites because sediment inputs are quite
periodic and very much related to storm events.  Suspended sediment could be
monitored during storm events.  The key point, however, is that we now know
the record of sediment and contaminant metal inputs and removals and can use
this information to guide future decisions.

Overview

The source-sink concept has been a fundamental part of marine geochemistry
and other fields of Earth science for several decades.  Knowledge about sources
is essential to controlling future inputs of contaminants.  Knowledge about sinks
for contaminants is essential to predicting potential adverse effects to target
organisms.  A variety of solutions for obtaining and applying source-sink
information are available.  Source data can be mined from discharge permits and
databases for rivers.  Source data also can be collected through regular
monitoring of rivers and outfalls.  At present, results from field collections and
laboratory analysis are required to develop a useful sink term.  In all cases, the
final product, as related to the theme of this paper, is a record of the degree of
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sediment metal contamination on a regional scale over time.  Sometimes, the
source data can show that sediments are unlikely to be contaminated.
Sometimes, the sink data can be used to reconstruct source information.  The
case studies described here support the value of having source-sink data as a
starting point in providing or predicting answers to a variety of questions related
to both scientific and management issues on a regional scale.  They also show
that a variety of different approaches and different data sets can be used to
compare natural with anthropogenic loading.
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STORM EVENTS AS INITIATORS OF COASTAL EVOLUTION IN
TIMES OF RISING SEA LEVEL

Harold R. Wanless, Geological Sciences, University of Miami
Lenore P. Tedesco and Bob E. Hall, Department of Geology, Indiana University

Purdue Univeristy

Major storm events are recognized not only to be damaging in their own right,
but also to set into motion significant steps of transgressive coastal evolution.
This is true for sand barrier islands, shallow marine sand and mud banks, coral
reefs, and coastal wetlands. Especially dramatic and illustrative is the historical
evolution of coastal mangrove communities. The dramatic increase in the rate
relative sea level rise that began about 1930 has resulted in about 25 cm of sea
level rise for south Florida to date. This has destabilized the coastal mangrove
communities and resulted in significant transgression: coastal storm erosion (to
100 m) and landward expansion (to 1 km) of the red, black and white mangrove
ecotones. The most serious historical loss to coastal mangroves communities,
however, is the extensive degradation and loss within forest complexes. In each
case, this interior degradation is initiated by a major (category 4 or 5) hurricane,
which severely damages the taller mangrove forests. In areas with a dominantly
mangrove peat substrate, post-storm decay products commonly kill off surviving
mangroves and severely inhibit the eventual recovery of the mangrove
community in the area. Rapid subsidence of the decaying root-peat beneath the
destroyed mangrove forest then lowers the substrate through the intertidal zone
at 2-4 cm/year. Unless the damaged site is very well flushed by tidal waters, the
interior intertidal mangrove community will not recover but evolve into subtidal
ponds and bays. Interior mangrove forests behind Highland Beach, Big Sable
Creek, Gopher Creek, and Oyster Bay are in increasing stages of marine
transgression from this storm initiated loss.

Harold R. Wanless
Geological Sciences, University of Miami
P.O. Box 249176
Coral Gables, FL 33124
fax: 305-284-4258
telephone: 305-284-4253
email: hwanless@miami.edu
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Dredging and Natural Resource Protection:
Comments from the National Dredging Co-Chairs

The dredging of ports, harbors, and rivers is essential for maintaining navigation
safety and the economic well being of the United States.  Dredging and disposal
of dredged material are conducted in or near some of the Nation’s most
environmentally sensitive areas such as coastal wetlands, estuaries and near
shore ocean waters.  Maintenance and improvement of navigation projects
generate an estimated 300-400 million cubic yards of dredged material annually.
The placement of this dredged material has often become a contentious problem
involving conflicts among stakeholders and long project delays.

Dredging and dredged material disposal projects are subject to myriad state and
federal laws, affect the commercially important and highly competitive shipping
industry, and have potentially significant environmental impacts.  Given these
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factors, it is not surprising that certain dredging and disposal projects have been
embroiled in controversy and prevented from moving forward, a condition
described as “mudlock.”  Solutions to “mudlock” are requiring innovative
approaches at the federal, regional, state, and local levels, and a key to resolving
conflicts over dredged material placement often lies in using dredged material in
ways that benefit the environment.

Historically, many regulatory programs that govern dredging have attempted to
balance economic growth and national security with the economic and
environmental value of coastal resources.  This is generally done on a case-by-
case basis.  It has become clear that these objectives are not mutually exclusive.
Early planning for environmental protection can ensure that economic
development can go forward in an effective and timely manner.  The challenge
is to develop local, regional, and national mechanisms to facilitate the necessary
planning, coordination, and conflict resolution to get the dredging projects done
– projects which include both the dredging itself as well as the integrated
restoration/beneficial use projects.

Given the complexity of dredging and dredged material disposal issues and the
large number of stakeholders, the National Dredging Team (NDT), made up of
the federal agencies involved in the dredging process, has recognized that the
development of dredged material management plans and the planning and
implementation of projects to beneficially use dredged material must take place
within a process that involves all involved interests.  In June 1998, the NDT
issued guidance to assist in the development of dredged material management
plans through the formation of Local Planning Groups.  These Local Planning
Groups generally function within the context of the Corps dredged material
management planning process with a goal of developing implementable plans
for placement of dredged material that incorporates environmental
considerations and meets both navigation and environmental restoration and
enhancement objectives.  Environmentally beneficial use of dredged material is
often the key to meeting these objectives.

Good planning is essential to the beneficial use of dredged material, but
financial resources are needed to move from planning to successful beneficial
use projects.  Funding for beneficial use comes from the financing authorities of
the Corps in partnership with ports, state resource agencies or other non-federal
partners; grants from other federal agencies; state funding; or innovative private
and public financing partnerships.  The Corps has the authority and funding to
use dredged material in environmentally beneficial ways from both new work
and maintenance dredging activities.  If beneficial use is the least costly
environmentally acceptable disposal option (federal Standard or base plan),
federal navigation project funds can be used to accomplish the beneficial use
project.  If the environmental use is not in the base plan, the Corps has the
authority, primarily under Section 204 of the Water Resources Development Act
of 1992, as amended, to cost share on a 75 percent federal and 25 percent non-
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federal basis in the incremental costs of using dredged material to protect,
restore and create aquatic habitat.  Other federal funding for beneficial use of
dredged material is available under the authorities of the Coastal Wetlands
Planning, Protection and Restoration Act.

The key to using dredged material in environmentally beneficial ways is
leadership.  The leadership and vision for these efforts come from different
sources.  This session is going to examine case studies that demonstrate multiple
perspectives on dredging issues and solutions and examples of cooperative
advanced planning in action.
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DEVELOPING A STATEWIDE DREDGING POLICY FRAMEWORK
FOR DELAWARE

Jennifer Reid, Delaware Coastal Programs

The Delaware Coastal Programs (DCP) are in the process of developing a
Statewide Dredging Policy Framework in order to address concerns related to
dredging practices and to improve the project review process.  Over the past ten
years, the state (along with Pennsylvania and New Jersey) has been reviewing
the Philadelphia District Army Corps of Engineers’ proposal to deepen the
Delaware River Main Channel by five feet.  Due to the magnitude of this
project, many inadequacies in the review process have been identified over this
time frame.  In addition, there are significant cumulative impacts from smaller,
ongoing projects in the tributaries to the Delaware River and in the Inland Bays
region.  This paper will describe the motivation behind the Delaware Dredging
Policy Framework project as well as the process being undertaken and its early
outcomes.

Appropriate dredging in waters of the state of Delaware can be necessary for
maritime traffic into ports, movement of recreational traffic in rivers and bays,
beach replenishment, coastal hazard mitigation, maintaining water intakes, or
removal of contaminated sediment.  If accomplished pursuant to established
review criteria, dredging can be an important component in a healthy coastal
economy and environment.  If dredging were to cease, there could be
repercussions for local employment or for the regional and/or national economy.

Dredging operations in Delaware waters are conducted by a number of groups
including the U.S. Army Corps of Engineers, the Delaware Department of
Natural Resources and Environmental Control (DNREC), and various private
dredging operations.  The majority of the federal projects focus on maintenance
of the heavily used commercial waterways and some beach replenishment
projects along the Atlantic Coast.  State-owned dredges concentrate on smaller
navigation channel projects and nourishment of Delaware Bay beaches.

The diversity of dredging activities in state waters creates a wide range of issues
and concerns that need to be addressed.  Currently, regulatory agency review of
dredging projects lacks a consistent framework for addressing environmental
and socioeconomic concerns.  This approach results in an inefficient and
sometimes ineffective means of processing applications.  Specific examples
include:
- expenditure of public dollars for duplicative or unnecessary monitoring;
- inability to protect against undesirable impacts of dredging projects;
- lost opportunities to coordinate state and federal projects for environmental

benefits;
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- poor understanding of alternatives for beneficial use of dredged material;
and

- lack of coherent and readily available information about past dredging
activities, monitoring information, and current projects.

The DCP has assumed leadership of this project because it is responsible for the
networked Federal Consistency certification program.  Since it has regular
contact with both federal and state permitting agencies, DCP is already
embedded in the infrastructure necessary to carry out the project.  The primary
goal for all Federal Consistency reviews is to ensure that project activities
minimize environmental degradation while maximizing public benefit.  The
document that results from this project will support this goal with a decision-
making policy to ensure that all regulatory authorities (federal, state, and local)
are utilized in a manner which clearly addresses the state’s concerns.

In addition to the policy document, a Geographic Information System (GIS)
based desktop information management system is also being developed to
expedite comprehensive review of projects.  The system will facilitate
integration of spatial information to determine cumulative impacts and potential
opportunities for cost savings or environmental benefits from coordinated
efforts.

The Project

The goal of Delaware’s project is to develop and implement a Statewide
Dredging Policy Framework.  This framework will do the following:

- Provide clear guidance and early coordination between regulatory agencies
and applicants;

- Evaluate project justification based on economic and environmental
impacts;

- Identify data requirements and maximize the use of existing information;
- Identify preferred dredging methods and disposal options, including

beneficial uses;
- Provide a consistent approach to testing and monitoring activities; and
- Provide education and public outreach regarding dredging activities in state

waters.

The ultimate outcome of this project will be a DCP Statewide Dredging Policy
Framework to be adopted as part of the Delaware’s Coastal Management
Program through a Routine Program Change pursuant to 15 CFR 923.84.

The resulting document will have a number of useful applications.  It will be
used by DNREC, Division of Water Resources, Wetlands and Subaqueous
Lands branch, to ensure standardized review of 401 Water Quality Certifications
and State Subaqueous Lands Permits.  The DCP will use it as the standard to
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review dredging projects for Federal Consistency certification.  The material in
the new framework will also be made available to every permit applicant in
order to ensure that they are aware of all state policies and regulations related to
potential dredging projects.  By presenting this material in a straightforward and
consolidated format, it is hoped that compliance will increase and that applicants
will be encouraged to consult permitting agencies in the early phases of project
design.  These improvements should lead to a greater level of protection for
ecosystems where dredging may ultimately be limited, redesigned, or
eliminated.

The Process

Because issues related to dredging involve a number of differing interests and
various levels of regulatory oversight, the DCP has been developing this
document through a collaborative decision making process.  A Working Group
has been convened with members providing background expertise on the various
components of the dredging process and advising DCP on the content of the
policy document. Stakeholders include the U.S. Army Corps of Engineers, Port
of Wilmington, U.S. Fish & Wildlife Service, the five Divisions within DNREC,
National Marine Fisheries Service, coastal landowners, environmental interest
groups, and others.  The role of the Working Group is to identify issues related
to dredging in the state, to explore alternative solutions, and to advise the DCP
regarding the content and themes in the dredging policy document.

The consensus-based process was recommended to Delaware in 1997 by
NOAA, Office of Coastal Resources Management, to guide a similar group in
developing a Special Area Management Plan for the Pea Patch Island Heronry
region.  In that project some issues were contentious and stakeholder groups had
strong and varying opinions on the subject.  However, Pea Patch Island was
somewhat different in that the “end product” was more open-ended, and the goal
was to develop a list of strategies that could be carried out to support the
longevity of the heronry.  In the dredging project, the “end product” is much less
open-ended, since there are several key components that must be present in a
complete documentation of the dredging permitting and review process.  Thus,
the basic consensus-based process needed to be modified to fit the unique
situation of the project at hand.  The six phases used during development of the
Policy Framework are listed below, and the project is currently in Phase V.

Phase I.  Issue Identification.  After the initial planning stages, DCP Support
Staff convened a Working Group with about 25 members representing the
stakeholder groups involved with dredging in Delaware waters.  An open forum
allowed Group members to present any issue of concern related to dredging
processes, project approval, review and monitoring, or other practices.  This
allowed for an atmosphere of openness and careful consideration of ideas.
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Phase II.  Preliminary Issue Characterization.  The Support Staff aided the
Group in developing a detailed description of the issues and information needs.
Existing information was gathered through extensive literature searches, and
information needs were identified.  The extensive list of issues developed in
Phase I was narrowed to those that the group felt were under the purview of the
project at hand, related to the project goals, and could be addressed in a
reasonable time frame.  Selected issues included economics, maintenance
dredging, alternatives analysis, best management practices, habitat impacts, pre-
and post- dredging testing criteria, and long term dredging and disposal
planning, just to name a few.  Larger or more peripheral issues were either
eliminated by consensus or were listed under the “Recommendations for Further
Improvements to the Dredging Process” section.

Phase III. Strategy Development.  State and national experts gathered for a one-
day strategy workshop. Their goal was to identify alternative approaches to
address each of the issues identified by the Working Group.  Workshop
attendance was about sixty people, and three focus groups were formed in order
to address similar issues in small group format.  Strategy worksheets were
written by participants, and some of these contained information useful for the
process while others tended to be less helpful.  The principal outcomes of the
workshop were two-fold: it allowed for a larger group of stakeholders to be
familiar with the issues and to have input, and it identified additional people
who had resources or information that could assist as document development
progressed.

Phase IV. Strategy Refinement.  The Working Group reconvened to evaluate
strategies developed at the Workshop and to select those considered most
feasible.  DCP staff begins to refine strategies into policy statements.  At this
point, DCP Support Staff developed an outline of the end-product Statewide
Dredging Policy Framework document.  This provided focus for participants as
they divided into smaller focus groups to begin drafting document text.  As the
document began to take shape, some individuals resurrected earlier issues that
had been eliminated, as they saw their special interests being omitted from the
text.  As before, these issues were brought in front of the whole group, and in
most cases, other members reminded the individual that the consensus process
had omitted the topic in question.

Phase V.  Policy Development.  The policy statements developed in Phase IV
are currently being organized into body text of Framework document.  Much of
the text consists of existing regulations that apply to the dredging process and
that have not heretofore been presented in a cohesive manner.  This section has
been the most challenging, due to the dynamics involved with 25 individuals
drafting policy text.  One good solution was to break into even smaller, topic-
specific meetings of 3-4 people to develop policy statements or to consolidate
existing information.  In the end, DCP staff drafted the bulk of the document
text, but Working Group members accepted the opportunity to review sections
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as they were developed.

Phase VI. Testing and Refinement.  The resulting policy framework will be
tested by using it in the review of several Federal Consistency permit
applications for dredging projects.  The refined policy document will be adopted
as part of DCP regulations.

Preliminary Outcomes

At some stages of this work, it has seemed that “process” have overwhelmed to
ability to deliver the “product.”  Meetings, letters, and repeated review of small
sections of text all contribute to a feeling that enlisting 25 people to write a
policy document was a tenuous choice.  However, about six years prior, an
internal effort had been attempted to develop a similar type of policy
compendium.  Several participants in the earlier effort felt that its lack of
success was due to the narrow range of background experience that was
represented on the project team.  Additionally, New Jersey published their
Management and Regulation of Dredging Activities and Dredged Material in
October 1997.  This document was developed by a Task Force of twenty-four
individuals from various programs within New Jersey Department of
Environmental Protection.  In speaking with several observers New Jersey’s
process, Delaware staff were advised to ensure that outside agencies
(particularly the EPA and Army Corps of Engineers) participate throughout the
process rather than simply as external reviewers at the end.  Additionally, due to
significant interest in dredging from environmental groups in the state, several
representatives from major non-governmental organizations were invited to
participate in the Working Group.

Another challenge with the subject of dredging in Delaware is the fact that the
state owns two dredges with which the DNREC, Division of Soil & Water
Conservation (DSWC) undertakes public navigation and beach nourishment
projects.  This policy dates to a 1970 legislation wherein the General Assembly
charged the DSWC with maintaining navigation channels in five creeks in the
Inland Bays region of southern Delaware.  The state dredging program has
received annual appropriations to continue the mission of maintaining the state’s
beaches and waterways.  However, there is strong opposition to the state-funded
dredging program and a well-cultivated belief that state projects receive less
scrutiny than privately contracted projects.  In truth, DSWC projects receive at
least the same level of review as any other project, in order to protect the
integrity of the Department; but the burden of proof is on the Department to
counter this accusation.

Many individuals opposing the state dredge program saw the Working Group
process as a forum to air their concerns.  However, in truth, neither the DCP nor
the DSWC have the authority to alter the appropriations to the state program, as
all appropriations decisions are in the hands of the General Assembly.  The
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Support Staff spent a significant amount of time addressing concerns regarding
this perceived “conflict of interest.”  The solution in this situation has been
agreement to include a recommendation in the Appendix section addressing the
issue of state-owned dredges.

Thus far, this consensus-based process has proven to be a solid choice, since
dredging issues are often controversial and stakeholders hold strong opinions
and interests.  The open nature of the Issue Identification phase helped to foster
an atmosphere of open communication of concerns at the outset of the project.
As the Issue Characterization phase continued and the peripheral issues had to
be eliminated, some conflict was predicted.  However, since this was done by
the entire group, the process took on a tone of democracy, and individuals
whose issues were “tabled” understood the reasoning behind the decisions.

By Phase IV, the group agreed to work from a document outline designed
around the three main chapters of Administrative (policy), Operations
(engineering), and Environmental Evaluation (scientific) information and
regulations.  At the outset of the process, many participants felt that additional
regulations would need to be developed to strengthen what they perceived to be
a lax regulatory environment.  However, as existing regulations and policies that
applied to dredging projects were compiled, many were surprised that most
topics of concern were already covered.

Dredging can become a contentious issue in Delaware, where unclear permitting
guidelines frustrate applicants; landowners are angered by nearby spoil disposal;
and environmentalists are concerned about habitat impacts and water quality
issues.  The DCP feels that the collaborative decision-making process has
involved the key stakeholders and has facilitated discussion and issue
identification.  This more open policy development process should yield a
document that is respected by the regulated community and can be easily
integrated into the activities of the DNREC permitting departments.

Jennifer Reid
NOAA CSC Fellow
Delaware Coastal Programs
DNREC
89 Kings Highway
Dover, DE 19901
Phone: (302) 739-3451
Fax: (302) 739-2048
Email: jereid@state.de.us



Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

731

PENNSYLVANIA’S USE OF INTERSTATE CONSISTENCY TO
CONDITION A FEDERAL DREDGING ACTIVITY IN

CONNEAUT HARBOR, OHIO

Shamus Malone, Pennsylvania Coastal Zone Management Program

In the late 1970's and early 1980's the Pennsylvania Coastal Zone Management
Program (PA CZMP) became aware of the increasingly negative affect of the
Conneaut Harbor structure on the shoreline and bluff stability along western
portions of PA’s Lake Erie shoreline.  A network of control point monuments
were setup along the entire Lake Erie shoreline to monitor and determine the
rate of bluff recession.  This system of control point monuments is still used
today and is very successful in determining the rates of bluff recession.  Early
analysis of the control point data showed a very high recession rate along the
shoreline and bluffs in the western Erie County adjacent to the Ohio-
Pennsylvania border.

Since the early 1970’s numerous cottage sites in this area were lost to bluff
recession.  PA CZMP staff were aware of this phenomenon and also suspected
certain causes of the erosion.  The primary suspect or cause was the harbor
structure at Conneaut, Ohio; more specifically, the last construction phase in
1968 of the eastern near shore arm extension of the Conneaut Harbor structure
approximately 1.5 miles west of the Ohio/PA boarder.  This last phase of
construction by the Army Corps of Engineers (ACOE) all but closed the harbor
to the passthrough movement of littoral sediments.  This harbor extends one
mile into Lake Erie and acts as a formidable block of all beach nourishing
littoral sediments moving from the west to the east.  Combined with rising lake
levels the harbor structure had and continues to have a devastating affect on
shoreline stability.  With no sediment moving through or around the harbor
structure, the sediment starved wave action destroyed what beaches were left
after higher lake levels undercut the high coastal bluffs causing bluff collapse
and rapid bluff recession.

It is estimated that the first three miles of bluff shoreline east of Conneaut is
supplying all the sediment (approximately 10,000 cu yd./annually) for the long
shore transport of the littoral system.  Numerous ACOE studies were conducted
since 1968 in an attempt to address this negative erosional affect of the harbor
structure.  A Section 111 Study was conducted in 1983 and concluded that the
harbor structure was the major cause of the erosion of the down drift beaches
and bluffs.  The findings also indicated that the only economically feasible
alternative to address the erosion problem was land acquisition. However, since
there are no guidelines on nonstructural solutions, such as land acquisition, in
Section 111 studies, the study was terminated.  This meant that even though the
ACOE knew the harbor structure caused erosion damage it was not authorized to
remedy the problem.
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The funnel shaped harbor has an estimated 500,000 cubic yards of sand, gravel
and other coarse-grained sediments trapped along the western shoreline outside
the western shorearm of the harbor structure.  An additional 350,000 cubic yards
of sand are trapped inside the harbor due to wash-over and passage through a
small circulation break in the western shorearm.  These sediments trapped inside
the harbor form a 55-acre sand shoal that is growing by 6,000 cubic yards
annually.

The PA CZMP staff was always looking for ways to address this issue in order
to stop the continual loss a valuable coastal property in the western shoreline
area of the Lake Erie Coastal Zone.  During the development of the Ohio CZM
program, PA CZMP staff initiated dialogue with Ohio CZM staff about this
issue and on possible solutions.  PA CZMP seized an opportunity early in 1999
when the ACOE advertised their intention to conduct maintenance dredging of
both the commercial and municipal channels.  The proposed plan called for open
lake disposal of 60,000 cubic yards of fine-grained silts and clays from the
commercial channel and 40,000 cubic yards of coarse-grained sediments from
the municipal channel.  Since the PA CZMP requires federal activities to be
consistent with the policies of the state CZM program, PA CZMP notified the
ACOE that a consistency statement would be required before the project could
proceed.  At this time it was hoped that the Ohio CZM program would also
pursue denial of consistency based on the historic and anticipated damages
caused to the Ohio shoreline by not returning the dredged material back to the
shoreline east of the harbor structure.  Unfortunately Ohio chose to issue a
consistency certification based solely on the ACOE obtaining all necessary state
(401-water quality certification) and federal permits and not on their program
policies.

The ACOE reviewed the policies of the PA CZMP and issued a consistency
statement stating that their project was consistent with the policies of the PA’s
CZMP.  After reviewing the details of the project proposal, PA CZMP
concluded that the open lake disposal of the coarse-grained sediments from the
municipal channel was inconsistent with the dredging and coastal hazards
policies of PA’s approved CZMP.  The PA CZMP based their consistency
stance on the fact that the Conneaut harbor structure had historically caused
shoreline and bluff damage in PA since the late 1960’s.  This damage is due to
the interception and trapping of beach nourishing littoral sediments moving east
along the shoreline form Ohio.  Past ACOE maintenance dredging activities in
Conneaut harbor resulted in the open lake disposal of coarse-grained sediments
that rightfully belonged in the littoral system moving east along the shoreline
and onto PA beaches.  Without the littoral sediments the beaches drastically
narrowed or disappeared and lake wave energies contracted the unconsolidated
glacial sediments that make up the high coastal bluffs.  The bluffs were
undermined and collapsed into the lake resulting in bluff recession and extensive
property loss.
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Contact was made with the Buffalo District ACOE to inform them of our
decision to see if plan modifications could occur in lieu of a formal consistency
denial by PA.  The ACOE first response was that this was an activity in a
neighboring state and therefore outside PA’s consistency jurisdiction.  Further
complicating the issue was the ACOE programmatic restriction to choose the
least cost alternative.  Open lake disposal was definitely cheaper than placing
the sediments along the shoreline east of the harbor.  After negotiations, which
also involved the Washington DC legal and administrative staffs of NOAA and
the ACOE, the Buffalo District acknowledged PA’s interstate consistency rights
and chose to modify their project to include the conditions of the PA CZMP.  By
broadening the scope of the contract, the ACOE interviewed additional
contractors and was able to secure a bid to complete the project and place the
40,000 cubic yards of coarse-grained sediments from the municipal channel
along the shoreline east of the harbor at the same cost as open lake disposal.
The Corps' project redesign reflects the appropriate use of dredged material, and
helps resolve PA's concerns for shoreline and bluff stability.  PA CZMP
therefore issued a consistency concurrence finding the dredging activity
consistent with the policies of the PA CZMP under the condition that the
dredged coarse-grained sediments be placed along the shoreline.

During the public review period of this consistency decision, as required by
section 306(d)(14) of the Federal Coastal Zone Management Act, PA CZMP
received congressional, legislative, county and municipal support.  This support
was for PA CZMP’s efforts to lessen the shoreline erosion caused by beach
starvation effects of Conneaut harbor.  This support may be needed now as PA
CZMP pursues the additional 300,000+ cubic yards of trapped sediments
remaining inside the harbor.  The PA CZMP feels this sediment belongs back in
the littoral drift and is pursuing funding under Section 1135 of Water Resource
Development Act of 1986.  This grant program is for any ACOE project
modification for the improvement of the environment.  PA CZMP initiated
contact with the ACOE and other agencies and formed a work group that has an
interest in this project.  This work group of agencies and groups includes the
Ohio CZM, Ohio DNR, Ohio Geological Survey, the Conneaut Harbor Port
Authority and the Bessemer and Lake Erie Railroad (land owner east of
Conneaut harbor).  This grant program is to restore degraded ecosystems as a
result of an existing ACOE project.  A draft Preliminary Restoration Plan has
been prepared, reviewed and submitted for grant approval.  Even though the
entire work group supports the plan, the sponsoring agency is the Conneaut Port
Authority.  Since this grant requires a 25% non-federal match and the projected
project cost is estimated to be $3,400,000, the work group will be actively
searching for sources of non-federal funds to complete the project.
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Shamus Malone
Chief, Monitoring and Technical Assistance
Pennsylvania Coastal Zone Management Program
P.O. Box 8555
Harrisburg, PA  17105
Phone:  (717) 772-5621
Fax: (717) 787-9549
Email: malone.shamus@dep.state.pa.us
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HABITAT RESTORATION PROGRAMS WITHIN THE ARMY CORPS
OF ENGINEERS

Patrick Cagney, Seattle District Corps of Engineers

Starting in the early 90s, the Seattle District has focused much of its restoration
efforts in estuarine environments.  This seemed a logical fit since many of the
Corps construction related projects such as dredging of navigation channels and
constructing jetties and marinas occurred in these areas.  It also made sense from
an ecological perspective since estuaries have been one of the most impacted
habitat types in all of Puget Sound.  Since the influx of western civilization in
Puget Sound, estuaries were the first places to be developed.  They were the low
flat areas where water access was the easiest.  Cities like Seattle, Everett, and
Tacoma grew by dredging mudflats and marsh habitats and back filling to create
commercial land.  By 1980 over 70% of all estuaries had been lost (Bortleson et
al. 1980).  Much of this loss was due to diking to create farmable lands,
dredging, and filling (Thom 1990).  The importance of estuaries for many
salmon species can not be overstated.  It is there where salmon change their
physiology from fresh water and transition to salt water.  It is also in estuaries
where salmon smolts rear (some up to 6 months) prior to ocean migration.  The
Corps has not forgone restoration efforts on rivers, nor is the importance of
riverine habitats unappreciated.  The Seattle District has a few restoration
projects on creeks and rivers but, at this time, most of our restoration efforts
have occurred in salt water

It was in two of these estuaries where the Corps and other partners such as the
Ports of Everett and Seattle, the U.S. Fish and Wildlife Service (USFWS) and
Region 10 of the Environmental Protection Agency (EPA) developed their
earliest restoration projects.  One of these was in Port Gardner, near the city of
Everett called Jetty Island, at the mouth of the Snohomish River.  In 1992, clean
dredge material was placed in the subtidal area on the leeward side of the island
to bring it up to intertidal elevations.  This area was intended to develop as
mudflats and fringing marsh.  Monitoring over the years has shown this to be the
case and these sites have been well used by juvenile salmon.  This project was
an example of the beneficial reuse of dredge material.

Starting in 1994, in Seattle’s Duwamish River estuary, the Corps in cooperation
with the Port of Seattle, EPA, and USFWS, received money from Coastal
America to establish three small estuarine demonstration projects.  The intention
was to showcase different restoration techniques that could be used in a heavily
industrialized estuary.

Since those early projects, the Corps of Engineers has come a long way in how it
approaches habitat restoration.  The Corp of Engineers is probably not the first
agency that comes to mind when considering habitat restoration.  But Congress
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did provide the Corps this mission as far as back 1986, as part of the Water
Resources Development Act  (WRDA) (Public Law 99-662).  Section 1135 of
the Act allowed the Corps to modify project structures or change the operation
of its water resource projects as long as it is determined that these changes are
feasible, cost effective, and will improve the quality of the environment in the
public interest.  This original authorization restricted the Corps to make
improvements only in areas where it could be demonstrated that a Corps project
had an impact on the environment.  In subsequent years, Congress has
broadened the Corps authorities.  Section 306 of the 1990 WRDA specifically
authorizes the Secretary of the Army to include environmental protection as one
of the primary missions of the Corps.  In 1992, WRDA section 204 allowed for
the beneficial reuse of dredged material for habitat improvements much like the
Jetty Island project.  In 1996, section 206 of WRDA established a program
called Aquatic Resource Restoration that allows the Corps to conduct restoration
activities anywhere in the aquatic environment.  Another program under the
Corps Continuing Authorities Program (CAP) is called “Planning Assistance to
the States.”  While this particular program does not allow for the actual
construction of restoration it is a broad authority that allows different aspects of
restoration to be studied.  Finally, under the Civil Works program, the General
Investigation (GI) authority can be used to conduct restoration activities.  These
studies are specifically authorized by Congress and are titled Ecosystem
Restoration studies.  They also have the potential of doing restoration on a very
large, scale such as at the watershed or river basin level.

From a national perspective, the Corps has spent a considerable amount of time
considering how it should approach habitat restoration.  They have developed a
policy that focuses on ecosystem restoration.  For these purposes, an ecosystem
has usually been defined as “a viable unit of community and interactive habitat”
(ER 1165-2-501).  Single species restoration projects are no longer encouraged;
restoration that considers plant and animal populations in the larger context is
now the norm.  The purpose of ecosystem restoration is to attempt to return an
area or ecosystem to a close approximation of its condition prior to disturbance.
The goal is to emulate a natural, functioning, self-regulating system.  Also,
Corps activities in ecosystem restoration concentrate on engineering and other
technical solutions to water and related land resources problems.  This normally
means that changes in sedimentation and hydraulic processes are given primary
consideration.  Priorities for restoration are sometimes also tied to where the
Corps has had some impact in the past in altering the natural system.

Corps participation in a restoration study or project has certain requirements.
The first requirement is that the restoration activity have a local sponsor.  This
can be a local or state agency, a Tribe or a non-government organization. Corp
restoration programs are not like grants; that is, funds are not dispersed through
an application process.  All Corps restoration activities are cost shared and
federal monies usually cannot be used to provide the cost share.  Depending on
the program, the local cost share ranges between 25% and 35% for construction.
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The Corps does not actually purchase property for restoration; it is the
responsibility of the local sponsor to provide all land easements and rights of
way.  The local sponsor is credited with the value of the land upon which the
project takes place.  This credit is applied to the local cost share.   The Seattle
District has done a few projects where very little money has been exchanged due
to the property value of the restoration site equaling the local cost share for
construction.  The final constraint is that the local sponsors are responsible for
the operation and maintenance of the project upon completion. Since the Corps’
approach to restoration is to try to restore naturally functioning systems as much
as possible, the Seattle District has been successful in designing and
implementing low maintenance projects.

To initiate most restoration studies under the Continuing Authorities Program
(CAP), only a letter is needed from the local sponsor stating their interest and
that they understand their obligations under the program including the cost
sharing aspects.  This then allows the Corps to proceed with a reconnaissance
type study that briefly details the goals and purpose of the restoration action.  If
the project is approved then the next phase called feasibility begins.  It is during
this phase of the study where studies are performed to evaluate the project (i.e.
topographic surveys, evaluation of existing conditions).  This is also when a
35% level of design is developed, a real-estate appraisal is performed, an
environmental assessment under the National Environmental Policy Act (NEPA)
is completed and Endangered Species Act coordination is started and a more
detailed cost estimate is developed.  A feasibility report containing all of this is
also sent to the Division office for approval.   This usually takes 6 to 8 months.
If successful, this is followed by a brief plans and specification period when the
design is finalized, quantities of material needed for construction are estimated,
permits are obtained, the real-estate is certified and the local sponsor signs the
cost sharing agreement.  Up until this point no local money is expended.  When
the cost share agreement for the project is developed all project responsibilities
and project costs are clearly detailed.  If the local sponsor does not like the
project design or other aspects of the project such as maintenance
responsibilities they are under no obligation to sign and there is no cost to them.

After completion of plans and specs, the project then goes to construction.  The
entire study process can take from 1 to 2 years to complete. This process may
seem time consuming but there are provisions in the programs to either speed it
up or in some cases to bypass many of the steps.  If the total project is less than
$400,000, after the reconnaissance report is completed the project can proceed
directly to the plans and specification phase.  The Seattle District has gone from
initiation to construction in less than a year doing this.  More often the case with
restoration projects though is that there are property acquisition problems and
this can delay the projects as much as a lengthy study process.

Ecosystem Restoration under the General Investigation is a similar process.
There are some differences though, because of the scale of the projects, the time
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line is usually longer, more studies are usually needed, cost sharing for specific
study phases is different and usually a NEPA Environmental Impact Statement
is prepared.  Both the CAP program and the GI have provisions for the local
sponsor to provide some in kind services in lieu of cash payment for study costs.

These programs may seem complicated but they do work.  The Seattle District is
in the process or has completed restoration under all of the programs that have
been described.   The following is a brief description of some of the more
significant projects:

· The largest Ecosystem GI currently being conducted by the Seattle District
is in the Green River Basin, from Seattle’s Elliot Bay to above Howard
Hanson Dam.  Over 55 projects have been identified for potential
restoration in this 485 square mile basin.  All of the projects will benefit
multiple species of salmon and have advantages for wildlife as well.  The
focus of this study has been to restore the habitat forming processes that
allow the river to create beneficial salmon habitat.  Where these processes
are no longer able to function normally, surrogate habitat types are being
placed in areas where they were historically present.  Restoration
techniques such as the placement of gravel and large woody debris are
being evaluated.  Off-channel habitat and estuarine sloughs are just a few
of the examples of project types.  The estimated cost of this project, if
constructed is on the order of $40 million.  King County is the local
sponsor.

· The Stillaguamish GI is another example of the Ecosystem Restoration
Program.  Located 30 miles north of Everett, the focus here is on the lower
mainstem of the river and juvenile salmon-rearing habitat.  Historically,
much of the Stillaguamish estuary was diked off for agricultural
production.  The study intends to restore some of the estuary that had been
lost.  Former oxbows and channels are proposed for reconnection to the
river. The estimated construction cost will be between $6 to $8 million.
Snohomish County is the local sponsor.

· The Turning Basin 1135 project.  This project is located at the third turning
basin in Seattle’s Duwamish River. Several restoration efforts have
occurred in this area over the past few years including the above-mentioned
Coastal America project. This particular project is currently in construction.
It is daylighting about 2200 linear feet of Hamm Creek that currently goes
sub-surface in a storm water pipe.  A new streambed will be constructed, a
riparian buffer will be planted on the banks and woody debris will be
placed in the new channel.  Over three acres of wetlands will be created
including a one-acre estuarine marsh adjacent to the Duwamish River
where the new creek will outlet.  Coho, cutthroat and steelhead currently
use the stream.  Over sixty thousand cubic yards of former dredge material
will be removed.  Construction costs are estimated at $2 million.  King
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County, in cooperation with the Elliot Bay Natural Resource Damage
Assessment group, is the local sponsor.

· Deepwater Slough 1135 project.  This project is located in the South Fork
of the Skagit River and is currently under construction.  The purposes of
the project are to breach levees and allow tidal inundation over 200 acres of
emergent wetlands. New tidal channels are expected to form in the restored
marsh area. This is an important juvenile chum and chinook rearing area.
Over 8,000 linear feet of new levee will be built and 10,000 feet of existing
levee will be augmented so that breaches can be excavated in the existing
levee system.  A new bridge will be constructed to remove fish blockages
from the Deepwater Slough. In addition, with the cooperation of the Army,
enhancement of over 400 acres of tidal marsh was facilitated on the
adjacent Mill Town Island where the abandoned farm still had existing
levees.  The Army detonated the old levees in three places to allow better
inundation and sheet flow.  Estimated construction cost is $1.8 million
dollars.  The local sponsor is Washington Department of Fish and Wildlife.

· Puget Creek 1135 project.  This is good example of the abbreviated 1135
process.  This project was designed, permitted and constructed in less that a
year.  The project involved removal of 5,000 cubic yards of fill in an area
next to Kellogg Island in the Duwamish estuary.  The old mouth of Puget
Creek was reestablished and about one acre of emergent tidal marsh was
created.  Riparian planting surrounds the marsh on the uplands.  Total
project cost was about $200,000 and the project was completed February,
1999.  The local sponsor was the Port of Seattle.

· Porter levee 1135.  This project was constructed in August 1999 and it is
another example of the abbreviated 1135 process where the project was
completed in under a year.  This project removed a portion of a training
levee on the upper Green River and reconnected a slough that had been cut
off from the river.  A new mouth was constructed at the entrance to the
Green River and woody debris was placed in the slough to improve the
habitat for juvenile fish such as coho, chinook and chum salmon.  The total
project cost was about $235,000 and the local sponsor was King County.

· Goldsborough Dam 206 project.  This project is currently in the feasibility
phase.  It is located near the southern portion of Hood Canal near the town
of Shelton. The purpose of the project is to remove a dam on Goldsborough
Creek that blocks fish passage to 14 miles of good spawning habitat.  The
project price is $4,000,000 and the local sponsor is Washington
Department of Fish and Wildlife in cooperation with Simpson Timber
Company, the dam operator and landowner.

· Union Slough 206 project.  This project is in the reconnaissance phase.  It
is located in the Snohomish River Estuary near the town of Everett.  The
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intent of the project is to breach a sea dike in several places and restore the
historic tidal regime to over forty acres of emergent marsh.  The local
sponsor is the city of Everett and the projected cost is about $1,500,000.

· A nearshore salmon migration study is currently being conducted under the
Planning Assistance to the States program for the Marine Division of the
Washington Department of Transportation.  The study will examine the
effects of ferry terminals on near-shore outmigrant juvenile salmon.  Using
techniques such as dual beam hydroacoustics and videography, juvenile
salmon behavior will be monitored to see if the ferry terminals have an
influence on migration patterns.  Battelle Marine Science laboratory is
conducting the study for the Seattle District.  The study cost is $100,000.

It should be noted that this is a partial list of proposed, current or recently
constructed projects.  Although the Seattle District and their local sponsors are
prominently identified in this list what has been omitted for brevity are many of
the partners that also participate in these projects.  Federal agencies such as the
U.S. Fish and Wildlife Service as well as National Marine Fisheries Service
have played a prominent role.  Also import are the local Tribes who have
assisted in these projects such as the Tulalip, Stillaguamish, Muckleshoot, and
Suquamish Tribes and the Skagit System Cooperative to name a few.  Many of
the projects were planted by volunteer groups and non-government
organizations such as People for Puget Sound, and IMAPAL foundation, and the
Student Conservation Association.

In the next several years much time and expense will be spent on restoring
salmon runs in Puget Sound.  The Seattle District would like to be part of this
effort.  Corps restoration programs have demonstrated that they are a capable
method of bringing federal dollars to assist a regional problem.

Patrick Cagney
Seattle District Corps of Engineers
Attn:  ERS
P.O. Box 3755
Seattle, WA  98124
Phone:  (206) 764-6577
Fax:  (206) 764-4470
Email: patrick.t.cagney@usace.army.mil
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COLUMBIA RIVER CHANNEL IMPROVEMENT STUDY:
ADDRESSING ENVIRONMENTAL CONCERNS AND

INCORPORATING ENVIRONMENTAL RESTORATION INTO A
MAJOR NAVIGATION IMPROVEMENT PROJECT

Laura L. Hicks, U.S. Army Engineer District, Portland

This integrated feasibility report and Environmental Impact Statement (EIS)
documents the results of a feasibility study for proposed improvements to the
authorized Columbia and lower Willamette Rivers navigation channel in Oregon
and Washington.  The channel is currently authorized at a 40-foot depth and
generally a 600-foot width.  The study area for improvements covers 11.6 miles
of the Willamette River below Portland, Oregon and 103.5 miles of the
Columbia River, from river mile 3 to 106.5, below Vancouver, Washington.

The study was authorized by a resolution of the U.S. House of Representatives,
Committee on Public Works and Transportation, adopted August 3, 1989.  The
feasibility study was initiated in 1994 and is co-sponsored by the U.S. Army
Corps of Engineers and seven lower Columbia River ports:  Astoria, St. Helens,
and Portland in Oregon and Longview, Kalama, Woodland, and Vancouver in
Washington.  The Port of Portland serves as the overall coordinator for the
sponsoring ports.  The U.S. Environmental Protection Agency (EPA), Region 10
in Seattle, Washington, is a cooperating agency for this report.

The purposes of the study are to improve the deep-draft transport of goods on
the authorized navigation channel and to provide ecosystem restoration for fish
and wildlife habitats.  The need for navigation improvements has been driven by
the steady growth in waterborne commerce and the use of larger, more efficient
vessels to transport bulk commodities.  With the increased use of deep-draft
vessels, limitations posed by the existing channel dimensions now occur with
greater frequency.  By improving navigation, the opportunity to realize greater
benefits would result from reducing transportation costs by allowing deep-draft
vessels to carry more tonnage, and by reducing vessel delays.

The report also includes documentation in support of EPA designation of new
ocean disposal sites for maintenance of the Mouth of the Columbia River
project, the existing Columbia and Lower Willamette River navigation channel,
and construction/maintenance of proposed channel improvements.

Planning constraints recognized that channel improvement alternatives were
limited to a maximum of 3 feet of deepening by the study’s authorizing
legislation.  Also, it was directed that the Dredged Material Management Plan
(1998) would serve as the no action alternative for the study.  This plan
evaluated the most efficient way to maintain the currently authorized 40-foot
navigation channel in the future.
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Proposed Action and Alternatives Proposed Action and Alternatives

Alternatives for improving deep-draft navigation, as well as any dredging and
disposal actions needed for construction and maintenance, were formulated and
evaluated on the basis of technical, economic, social, and environmental criteria.
A range of alternatives was considered.  Besides the no action alternative, a non-
structural alternative to upgrade the existing river stage forecasting system,
LoadMax, to improve navigation was evaluated.  During the course of this study
many improvements have been made to the LoadMax alternative by the
National Weather Service Northwest River Forecast Center as well as advances
in website access to real-time river level data.  LoadMax improvements alone
will only serve in marginal increases in safety and minimum vessel drafts.  They
will not serve as an alternative to deepening the channel from the perspective of
the deep draft navigation users and therefore are not an acceptable alternative to
deepening the channel to 43 feet.  Future upgrades, including the addition of
bathymetric information, are being planned.  It is estimated that future
improvements to the river stage forecast system would be implemented as part
of the day-to-day operations under the with- or without a new project.  Also, as a
result of public comments for reducing the environmental impacts associated
with dredging, regional port concepts were formulated to locate deep-draft
facilities closer to the mouth of the Columbia River.  These concepts, however,
were dropped from further consideration because of the high costs associated
with construction, transportation, port facility, environmental impacts, and lack
of support by the non-Federal sponsors.  

Three structural channel deepening alternatives were considered that alter the
channel’s configuration and/or authorized depth to 41, 42, or 43 feet to improve
deep-draft vessel transport.  These alternatives would be similar and require
dredging and disposal alternatives for construction and maintenance.  The
construction of the 41-, 42-, and 43-foot channels requires dredging 6, 12, and
20 million cubic yards (mcy) of sandy material from the channel, respectively.
The depth and width of the dredge cut would vary with location.

Construction of the 43-foot channel would also require the removal of 220,000
cubic yards of hard basalt rock and 450,000 cubic yards of cemented sand,
gravel and boulders at four areas in the Columbia River and two in the
Willamette River.  Basalt is present at two areas at Columbia River Mile (CRM)
87 and Willamette River Miles (WRM) 3 to 7.  A softer, consolidated rock
occurs at CRMs 63 to 67, CRM 105 and WRMs 10 to 11.  An area with an
unknown type of rock (probably basalt) is located at CRM 98.  There is a high
likelihood that rock in the basalt areas was fractured during the construction of
the currently authorized 40-foot channel.  Mechanical methods such as a large
clamshell dredge would be tried to see if the rock could be removed.
Underwater blasting would need to be done in areas where mechanical methods
are unsuccessful.  Excavated rock will be placed in upland disposal sites.
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The amount of in-water disposal for the 43-foot channel alternative would be
less than for the existing authorized 40-foot channel.  Most of the shift would be
from in-water to upland disposal sites. Existing channel maintenance inwater
disposal would total an estimated 80 mcy over the next 50 years. Projected
inwater disposal for maintenance of the proposed 43-foot channel is 54 mcy
over the 50-year project life.

The amount of dredged material estimated for ocean disposal for the 43-foot
channel alternative is estimated at 7 mcy from construction and a total of 9 mcy
for maintenance over 20 years.  This would be in addition to the existing
average annual ocean disposal of 4.5 mcy from the Mouth of the Columbia
River project.

Specific environmental and engineering criteria were developed for screening
the upland disposal sites.  The mix of disposal sites would primarily distinguish
the disposal alternatives rather than the availability of dredges (hopper, pipeline,
or clamshell).  The proposed disposal plan represents a composite of the least
cost and sponsor preferred alternative evaluated in the draft report. The proposed
disposal alternative would use a total of 29 upland disposal sites, with a total
land area of 1,681 acres. Material placement would range from 30 to 45 feet
high.  Fourteen of these sites, totaling 1,025 acres, are included in the no action
alternative, of the remaining 15 sites only 4 upland sites and the Lonestar Gravel
Pit have never been used for dredged material disposal in the past (227 acres).
Twelve of the remaining 15 sites are upstream of Longview, in a reach of the
river that would typically be maintained using in-water disposal.  The current
land uses at the 15 sites not included in the no action alternative are:  4
agricultural sites, 9 industrial sites; and 2 would be defined as other land use.
The proposed disposal alternative would result in the direct loss of 200 acres of
agricultural lands, 67 acres of riparian habitat, and 20 acres of wetland habitat.
Wildlife mitigation actions are recommended to offset these habitat losses.

Sediment in the Columbia River navigation channel is primarily sand with a low
percent of organic content.  This sediment would be suitable, based on EPA and
Corps criteria, for unconfined in-water and upland disposal.  The material
currently dredged for maintenance of the Willamette channel has also been
found suitable for unconfined in-water disposal.  However, some material in the
Willamette River has been found to be potentially unsuitable for in-water
disposal unless further biological tests are conducted.

The local sponsors for the proposed project have requested that dredging the
Willamette River be delayed in order to allow coordination with the ODEQ
investigation and remediation planning for the Portland Harbor.  This will delay
construction of the Willamette River portion to insure that final implementation
decisions incorporate both the investigation results and remediation plan.  Any
deepening of the Willamette River channel will consider the remediation plan.
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Dredging of the Willamette River channel will require full compliance with all
laws including the Clean Water Act, Endangered Species Act, and the National
Environmental Policy Act.  In addition, ODEQ will be asked to certify
compliance with water quality standards for the Oregon portion of the project
separately from certification of the Willamette River portion.  Certification of
the Willamette River portion will not occur until after the ODEQ remediation
plan has been completed.  The economic evaluation included an incremental
analysis of the Willamette River.  The Willamette River is economically
justified as a stand alone portion, and improving the Columbia River is
economically justified without including the Willamette River.

Deepening the channel to 43-feet was found to maximize net benefits.  The 43-
foot alternative with the least cost disposal plan is the plan the maximizes net
benefits.  The total economic cost (October 1998 price level) for the proposed
action, not including the environmental restoration component, is $189,504,000.

The benefits of improving the navigation channel would result from a potential
ten percent reduction in ocean transportation costs for benefiting commodities.
The estimated first cost of the national economic development (NED) plan (not
including environmental restoration) is $189,504,000. (October 1998 price
level).  This plan includes deepening the navigation channel to 43 feet and an
environmental restoration component.  The NED initial implementation cost of
channel deepening is $176,992,000, and the cost of the ecosystem restoration
component is $4,899,000.  Total average annual charges of both components of
the NED plan as based on a discount rate of 6.875 percent and a 50-year period
of economic analysis are estimated at $17,400,000.  Average annual economic
benefits of the channel deepening component are estimated at $34,419,000.  The
resulting navigation improvement benefit-to-cost ratio is 2 to 1.  The net benefits
of the navigation component amount to $17,019,000.  An environmental
restoration component resulting from a series of workshops with Federal and
State resource agencies and the public is also recommended for implementation.
Its scope consists of restoring the hydraulic connection between the Columbia
River and Shillapoo Lake and of fisheries habitat restoration measures.  These
elements, which have an initial construction cost of $4,899,000, are included in
both the NED and recommended plans.

The estimated first cost of the recommended locally preferred plan is
$188,319,000 (October 1998 price level).  This locally preferred plan includes
the same construction footprint for channel deepening and environmental
restoration but differs for the NED plan in the selection of disposal sites.  The
locally preferred alternative utilizes three port preferred disposal sites, including
two port owned sites.  The total project cost of the locally preferred plan is
$171,982,000 ($188,319,000 – $16,337,000 (Utility removal and berthing
areas))
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For cost sharing purposed the locally preferred plan, in October 1998 dollars
inflated tot he midpoint of construction is $195,930,000.  Sixty-four percent of
$195,930,000 will be cost shared by the Federal government ($125,482,000),
and thirty-six percent will be funded by the project sponsors ($70,448,000).
Utility removals will be paid by the utility owners.

Changes in the Proposed Action From Draft EIS to Final EIS Changes in the
Proposed Action From Draft EIS to Final EIS

Actions which were described in the Draft EIS which have been revised in the
Final EIS include: phasing new dredging of the Willamette River channel
pending the outcome of  the State of Oregon’s Portland Harbor Sediment
Management Plan; modifying disposal site locations to further minimize
wetland impacts; substantially revising the size and location of proposed ocean
disposal sites; elimination of the Miller-Pillar inwater disposal and pile dikes
from the environmental restoration proposal, and revised economic commodity
projections for container ships.

Summary of Impacts Summary of Impacts

The channel deepening alternatives result in incrementally greater physical
impacts with increasing depth.  Maintenance dredging would shift dramatically
from in-water to upland disposal.  Dredging a deeper channel would lead to very
slight increases in estuarine salinity under low river flow conditions.  Estuarine
circulation would essentially be unchanged.  Overall sediment budget or
sedimentation patterns would not change to any perceptible degree.  Water
quality impacts would increase in the short term from dredging a deeper
channel.  Long term water quality impacts may actually decrease as less material
would be disposed of in in-water locations. Shoreline erosion from currents,
wind waves, and ship wake is expected to remain near current levels.

Three salinity workshops were held with state and federal resource agencies to
determine the effects of channel deepening on salinity and estuarine organisms.
It was concluded at the workshops that no significant biological impact would
result from salinity changes predicted for the proposed channel deepening.

Biological impacts from dredging a deeper channel would include impacting
more benthic habitat.  However, most of this habitat is at depths greater than 35
feet and is not considered highly productive.  In general, reducing the amount of
in-water disposal would result in less impact to aquatic organisms. Increased use
of upland disposal would result in additional impacts to wildlife habitat.  A
mitigation plan is proposed to offset any habitat losses.

Increased ocean disposal of dredged material would result in increased impacts
to marine organisms while decreasing impacts to estuarine organisms.  Based on
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studies evaluating the effects of current ocean disposal practices, and the site
review and evaluation process conducted by the agency and fishing industry
Ocean Disposal Working Group, these impacts are not expected to be
significant.

Twenty-two federally listed threatened and endangered wildlife, plant and
invertebrate species may occur in the study area.  The proposed channel
improvement project is not expected to adversely impact most of these species.
For Columbian white-tailed deer, however, conservation measures (seeding of
grasses and forbs to provide forage) were recommended on four upland disposal
sites to offset impacts to this species.

For the Columbia River, there are currently 12 listed and one proposed for
listing salmonid species under the Endangered Species Act.  Listed stocks
include the Snake River fall and spring/summer runs of chinook, Snake River
run of sockeye, and the upper and lower Columbia and Snake River runs of
steelhead, upper and lower Columbia and upper Willamette runs of chinook,
chum below Bonneville Dam, and the mid-Columbia and upper Willamette runs
of steelhead. The proposed species is coastal cut-throat troat.  Deepening the
navigation channel would not be expected to have greater impacts to these
salmonids than the existing maintenance dredging program.

The deepening alternatives would result in minor impacts to aesthetics,
recreation, and land use.  Using more upland disposal would modify aesthetic
values from primarily a rural farm condition to mounds of bare sand.  Recreation
impacts would result from increased upland disposal, adversely affecting
activities such as wildlife viewing.  Land use at new disposal sites would change
from agricultural/open space to dredged material disposal.  No cultural resources
would be impacted by dredging or disposal actions.

Based upon the evaluation of the criteria contained in 40 CFR Parts 220 through
228, the Corps and EPA have determined that the ocean dredged material
disposal sites proposed in the DEIS (North Site, South Site, and Site E) and the
Deep Water Site are suitable for designation and use as disposal sites for ocean
dumping of dredged material when disposal and site management is performed
in accordance with the management and monitoring plan which as been
developed under 40 CFR 228.9 and use restrictions that will be specified as part
of designation.  The Corps and EPA have further determined that material
dredged from the MCR, Columbia River channel and channel deepening (if
authorized) projects meet the criteria for dredged material dumping.  The North
Site and South Site proposed in the DEIS are no longer under consideration for
designation and use by the federal government.  Site E and the Deep Water Site
are proposed for designation by EPA through formal rulemaking, adopting the
appropriate sections of this EIS and appendices to support that action.  These
two new ocean dredged material disposal sites will be used and managed in
association with the existing North Jetty Site located adjacent to Site E but in
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jurisdictional Inland Waters rather than Ocean Waters.  The four Columbia
River ocean dredged material disposal sites originally designated by EPA in
1986 will be de-designated as part of the rulemaking package for the new sites.
The sites selected by the Corps under their Section 103 authority in 1993 and
1997 will expire at the end of their authorized life or will be terminated once
EPA’s formal rulemaking is completed.

Laura L. Hicks, Project Manager
CENWP-PM-FP
U.S. Army Engineer District, Portland
P.O. Box 2946
Portland, OR 97208-2946
Phone:  (503) 808-4705
Email: Laura.L.Hicks@nwp01.usace.army.mil
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THE BENEFICIAL USE OF DREDGED MATERIAL FOR WETLAND
CREATION ON CLEAR CREEK

A Demonstration Project of the Galveston Bay Estuary Program

Edward Seidensticker, USDA/Natural Resources Conservation Service
William B. Baker, Jr., Houston Lighting & Power, Company

Executive Summary

Approximately 16 acres of intertidal wetlands were constructed along Clear Creek
using dredged material from Houston Lighting & Power Company’s (HL&P)
Webster Electric Generating Station in Webster, Texas.  Funding for the project was
provided by the Galveston Bay Estuary Program ($145,000) and HL&P ($62,000). 
The project was a partnership of a host of entities, including the Galveston Bay
Estuary Program, HL&P, the Natural Resource Conservation Service, U.S. Fish &
Wildlife Service, Waste Reduction Services and Padgett Shoreline, Inc.  A 2600 ft.
containment levee with two water control structures was constructed during the Fall
of 1997 to retain approximately 40,000 cubic yards of dredged material.  The U.S.
Army Corps of Engineers permit requirements reduced the overall size of the project
by three acres and increased project costs.  The intake canal of the Webster Station
was dredged during December 1997, resulting in approximately 52,000 cubic yards
of dredged material being pumped to the project site.  Seeding the area with smooth
cordgrass, (Spartina alterniflora) was accomplished in late February 24, 1998.  In
March, the outside portion of the levee was planted with smooth cordgrass
transplants on one-foot centers and brush fence construction initiated.  By July
1998, the site exceeded the objective of one smooth cordgrass plant per square
meter.  Smooth cordgrass currently dominates a significant portion of the site,
providing habitat for a variety of marine and avian species.  Utilizing dredged
material for wetland construction is a cost-effective way to manage dredged material
while expanding valuable wetland habitats.

Project Description

The primary objective of the Clear Creek Beneficial Uses of Dredge Material
Demonstration Project was to create approximately 16 acres of functioning intertidal
wetland using dredged material from the intake channel of HL&P's Webster Electric
Generating Station on Clear Creek.

HL&P agreed to provide dredged material for this demonstration project from their
intake canal.  A 2,600 foot long containment levee was to be constructed along Clear
Creek on the outer perimeter of Placement Area an as shown in Figure 2.
Approximately 2, 100 ft. of the proposed levee was to be built in a tidal flat where
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water depths average approximately two feet.  Original plans called for the levee to
have a top width of ten ft. with 3:1 side slopes as shown in Figure 3. One gallon pots
of smooth cordgrass were to be transplanted on 1 ft. intervals on the outside of the
levee as an erosion control measure.  A brush fence to protected the levee from
wave action was also prescribed.  Two water control structures were installed (one
at each end of the containment levee) to facilitate dewatering of the placement area
as shown in Figure 3. The placement area required seeding with smooth cordgrass
after sediment consolidation.

The placement area was sized to accommodate an estimated 20,000 cubic yards of
dredged material from the plant's intake canal.  Dredged material would consist of
slurry of two parts water and one part in-place dredged material by volume.  The
placement site was approximately 20 acres for dewatering and 16 acres for dredge
material placement.

Project Costs

Total original proposed cost of the project was approximately $195,000.  The
Galveston Bay Estuary Program was to provide $145,000 for wetland design and
construction and HL&P was to contribute $50,000 for dredging.  HL&P also agreed
to contribute in-kind efforts which included intake canal depth profiles, civil
engineering surveys of the project area, permit acquisitions, associated project
engineering drawings as required, and contractor oversight.

Data Representativeness and Comparability

Estimates of the aerial extent of the wetland were based on the planimetering of an
aerial photograph obtained from the U.S. Department of Agriculture Farm Services
Agency.  Estimates of vegetation density in the created wetland were based on
random samples from the created wetland. The primary factor limiting the
representativeness of the data, was the short time frame in which the data were
collected.  Ideally, measurements would have been made following several growing
seasons.  However, due to funding limitations, such long-term monitoring could no
be guaranteed.  Comparability of the data under this project was assured because
standard planimetering techniques were used for area determinations, and standard
vegetation measurement methods were employed to determine vegetation densities.

Project Discussion

The Demonstration of Beneficial Uses of Dredged Material to Restore Wetlands on
Clear Creek was a success based on the final approved project objectives. Partners
from many agencies, industries and environmental interest groups combined to
illustrate the potential for wetland restoration in coastal estuaries. 
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Permitting issues arose because of the Army Corps of Engineers flood control
planning Clear Creek. The first planned restoration acreage had to be reduced from
approximately 18-acres to 12-acres to obtain 404 permit approval. Changes in the
actual project layout were then required which caused sediment consolidation
problems for the construction of the levee. In this case, very soft sediments were
encountered by the drag-line machinery which slowed levee construction and
almost caused the drag-line to be lost from shrinkage.

Once these construction issues were overcome, dredging commenced. It was soon
discovered that  to build the levee, some of the sediments in the project area had
been used for construction. This required a larger amount of dredge material to fill
the containment area than was originally calculated. Because of this, a larger than
anticipated portion of open-water was created within the project area that was too
deep for the cordgrass to grow in. However, following completion of the entire
project, many birds and fish were seen to be occupying this open-water, thus,
providing some substantiation to the idea that open-water was needed in the
wetland. It should be noted that the open-water within the wetland was protected
by the levee and, thus, was stilled providing a better habitat than that outside the
levee which was subject to wave action by passing watercraft.

Sampling for cordgrass density explicitly did not measure open-water acreage within
the levee. The final cordgrass density measured in July, 1998 were over 40 plants per
square meter. Thus as a side-note, the open-water area could be 40 times larger than
the growing area and the project objectives of one plant per square meter would still
have been met.

Finally, it should be noted that a small area of low land immediately adjacent to the
restored wetland has also appeared to be enhanced from visual observation. It
should come as no surprise that  adjacent ecological land values can be enhanced
when a wetland is created as was done by this project. Further study is warranted
in this case.

Project Conclusion

The following conclusions can be drawn from the Demonstration of Beneficial Uses
of Dredged Material to Restore Wetlands on Clear Creek.

• The utilization of dredged material for constructing intertidal wetlands enhances
marine and avian populations as determined qualitatively through visual
inspection.

• Similar projects should be implemented to address significant wetland losses
in coastal estuaries and consequently beneficially utilize dredged material.

• The following are lessons learned  from this project:
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• Regulatory burdens that impede wetland habitat enhancement in coastal waters
still exist in the area of obtaining permits. This may be overcome to a degree if
regulatory agencies are advised of any planned activity well before a complete
work plan has been completed.

• Seeding consolidated dredged material with prepared smooth cordgrass seed
during the appropriate time of the year can result in significant plant growth
and reproduction with a dramatic reduction in labor required for the hand
planting of cordgrass.

• Contingency plans are needed whenever heavy earthmoving activities are
being done. This includes schedule changes due to equipment availability and
breakdown, and others due to weather.

• Partnering can be very useful when undertaking projects of this nature. 
Working with local industries to achieve results that benefit the environment
on a win-win basis is to be especially sought out.

Edward Seidensticker
USDA/Natural Resources Conservation Service
7705 West Bay Road
Baytown, TX 77520
Phone: (281)383-4286
Fax: (281)383-4286
Email: eseidensticker@tx.nrcs.usda.gov
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Waterfront Revitalization Reusing Brownfields

Kenneth Walker
National Oceanic & Atmospheric Administration

Brownfields are abandoned, idled or underutilized industrial and commercial
properties where expansion or redevelopment is complicated by real or perceived
contamination.  There are an estimated 450,000 brownfields in the United States,
not including a small percentage of the most contaminated sites handled under
the Superfund program (GAO).  Many brownfields are located in coastal
communities, as historically, industry located along the shore for access to the
water for transportation, power and cooling.  This is especially true in the “rust
belt,”or the older industrial areas in the Northeast and Great Lakes regions.  As
regional  economies have changed from heavy manufacturing to more diverse,
service-oriented economies, many industries have abandoned and left behind
waterfront sites where redevelopment is complicated by contamination.
Although these sites are often found in central cities close to population centers
and are serviced by public transportation and infrastructure, developers and new
industry usually choose to build on greenfields at the urban fringe, exacerbating
suburban sprawl and the loss of natural resources.

The Coastal Zone Management Act (CZMA) of 1972 encourages coastal states
to develop comprehensive coastal management programs to address a variety of
coastal issues, including protection and restoration of coastal resources,
revitalization of urban waterfronts and enhancement of public access for
recreational purposes.  For many years, state coastal management programs, in
partnership with the National Oceanic and Atmospheric Administration (NOAA),
have supported local waterfront revitalization efforts that include the reuse of
brownfields.  Typically, CZMA funds have been used to support planning for
reuse, engineering and site designs, and feasibility or relocation studies.
Although these grants are relatively small  (usually less than $30,000), in many
cases these funds have served as seed money to leverage additional public and
private investment.

The clean up and redevelopment of brownfields in coastal communities presents
opportunities to revitalize urban waterfronts, enhance public access to the coast,
and restore coastal resources.  This paper will examine how a partnership
between private industry and federal, state, and local governments resulted in
the clean up and reuse of a brownfield site along the Detroit River in Wyandotte,
Michigan.  Despite environmental contamination resulting from over a century of
industrial activity, the 84 acre BASF Corporation site has been successfully
redeveloped as a waterfront park and public golf course.
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The City of Wyandotte is situated along the Detroit River just north of Lake Erie.
For the past century, the majority of Wyandotte’s waterfront has been occupied
by heavy industry, severely limiting the public’s access to and enjoyment of the
Detroit River.  In 1980, BASF began phasing out operations at the obsolete
plants at the South Works site.  As BASF consolidated its operations at the
North Works site in Wyandotte, it became evident the Corporation did not need
the 84 acre South Works riverfront site.  According to Peter McInerney, former
Wyandotte Community Development Director, “the waterfront was taken by
industry in the 1800s, but now that industry was receding and the water quality
was improving, the concept of reclaiming the waterfront areas for public access
made a great deal of sense.” (Pepper 1997).

Although the site presented tremendous redevelopment opportunities, the soil
and groundwater on the site were contaminated from over a 100 years of chemical
manufacturing.  In 1980, the State of Michigan filed suit against BASF for alleged
groundwater contamination, primarily due to mercury, polynuclear aromatics and
chlorinated hydrocarbons.  The Michigan Department of Environmental Quality
ordered BASF to encase the site with a clay cap and prohibited future site
development.  The prospect that BASF’s prime waterfront location might be
fenced off and never redeveloped stunned Wyandotte officials, who were in the
process of launching a city-wide revitalization campaign and considered
redevelopment of the riverfront to be an integral component (Pepper 1997).

City officials urged the State to consider alternative plans that would allow
reasonable reuse of the BASF site.  After six years of testing and negotiating, the
State issued its first consent agreement for long term remedial action that did not
require encapsulation.  The consent order required BASF to implement a long-
term plan to prevent contaminated groundwater from discharging into the Detroit
river.  This solution allowed the contaminated soils to be left in place and thus
paved the way for future development.

BASF Corporation agreed to lease the site to the City for $1 dollar a year for the
public’s recreational use and contributed $2 million towards the development of a
public park at the northern end of the site.  In 1992, the city and BASF held a
series of public workshops to determine how the remaining two-thirds of the site
should be used.  The workshops were attended by a broad range of
stakeholders, and early in the process, a golf course emerged as a popular
proposal.

The Michigan Coastal Management Program provided the City of Wyandotte
with approximately $30,000 in CZMA funding to develop a design plan and
engineering specifications for recreational use of the northern end of the BASF
site.  Although modest, the CZMA planning funds served as a catalyst to
leverage additional state and local funds.  The City of Wyandotte contributed
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$4.5 million and the State contributed $1.5 million from the Michigan Recreational
Bond Fund.

Today, the redeveloped property includes a public park with a riverfront walkway
and observation decks, picnic area, jogging trail and a rowing club, as well as the
public golf course.  User fees will allow the golf course to be self supporting and
pay for maintenance of the public park.  The cost of building the park was $3.9
million.  The nine-hole par 36 golf course cost approximately $5.2 million in public
funds- supported primarily from Wyandotte’s tax increment finance district and
the issuance of tax increment bonds.

This case study provides an example of cooperation and coordination between
the private sector and local, state and federal governments which resulted in the
clean up and redevelopment of a waterfront into an recreational amenity for the
community.  The synergy of this partnership, including open communication and
a commitment of all the players, has  been recognized as the key element of this
successful project.  Although many industries have simply closed their doors
and walked away from contaminated sites, BASF worked closely with other
partners until a workable solution was developed.  In the process, the City
doubled the amount of waterfront accessible to the public and created a catalyst
for revitalization of the surrounding neighborhood.  The Michigan Coastal
Management Program, in partnership with the National Oceanic and Atmospheric
Administration (NOAA), provided financial support to further the national goals
of revitalizing urban waterfronts and enhancing public access to the coast.

Citations:

Pepper, Edith M., Lessons from the Field: Unlocking Economic Potential with an
Environmental Key.  Northeast Midwest Institute 1997.

Kenneth Walker
Community Specialist
Office of Ocean & Coastal Resource Management
National Oceanic & Atmospheric Administration
SSMC4, Room 11340
1305 East-West Highway
Silver Spring, MD 20910
Ph (301) 713-3113 X157
Fax (301) 713-4367
Kenneth.Walker@noaa.gov
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REVITALIZING URBAN COASTS AND WATERFRONTS – MILL
POND VILLAGE, ASTORIA OREGON

Catherine Brown, Chief Operating Officer, ShoreBank Pacific
Kathleen Sayce, Bank Scientist, ShoreBank Pacific

ShoreBank Pacific Companies have a mission to support the development of
conservation business. With a commercial, FDIC-insured bank - ShoreBank
Pacific (SBP), and a non-profit, high risk lender - ShoreBank Enterprise Pacific
(SEP), we can take a comprehensive approach to markets. Brownfield
developments bring with them a host of problems, making them inherently
riskier for redevelopment than the urbanization of open lands. When potential
sites are well located, and other partners are supportive of the project, then the
Bank works to find ways to do this. Redevelopment is important for several
reasons:  it can slow urban sprawl; increase building density in areas where
infrastructure is already in place; and revitalize communities, neighborhoods and
waterfronts.

Mill Pond Village in Astoria OR is an example of an isolated, formerly
contaminated site on the waterfront next to the main commercial district of a
small coastal town. No developer would accept the risk and potential cost of
cleaning up such a site, nor could the community. City of Astoria led the project
through its commitment to a gateway master plan vision, which included
resolving brownfield issues, the primary block to redevelopment. SEP helped
the city manage risk.  This is a story of partners. Without the city, the bank
could not have supported a developer or other entity working alone. Without
Oregon Department of Environmental Quality, the city could not have afforded
the cost of clean up.

SEP bridged the risk  for City of Astoria with Bank of Astoria, but neither loan
ever had to close. SEP also helped the city manage title issues, political issues,
and insurance and liability management issues. When the developer came in,
SBP provided financing for more conventional phases of redevelopment.

Catherine Brown & Kathleen Sayce
ShoreBank Pacific
P O Box 400
Ilwaco WA 98624
Phone: 360-642-1166
Fax: 360-642-3780
cab@sbpac.com
kas@sbpac.com
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MAKING A BROWNFIELD GREEN (AS IN PROFITABLE)

Art DeMuro, President, Venerable Properties, Inc., Portland, Oregon

The Clatsop Lumber Mill was founded on the banks of the Columbia River in
Astoria, Oregon western America’s oldest settlement. Nearly a century of
environmental abuse left this 16-acre property a “bombsite” at Astoria’s front
door and offered the Department of Environmental Quality (DEQ) a critical
opportunity for brownfield salvation in Oregon. This paper describes the final
stages in the redevelopment of the brownfield site after the City of Astoria and
DEQ completed the clean up.

Ultimately, the private developer in search of profit must convert a brownfield
site into a successful redevelopment that can be sold to end users for homes,
work or play. If properly executed, the combination of planning, construction
and marketing will create the attractive new face for a site with an unattractive
history.

Venerable Properties acquired this site and began the Mill Pond Village
development in 1999. The development process included Prospective Purchaser
Agreement implementation, site planning in concert with municipal goals,
composition of environmental and architectural guidelines, construction of
infrastructure and model homes, market research and sales to lot buyers and
builders.

Currently, Venerable has completed nearly all of the DEQ-required remediation
measures—soil capping, weir installation, pond bank stabilization and
groundwater monitoring. Construction of the infrastructure for Stage One is
complete. Additionally, five of the 16 residential lots and the sole Stage One
commercial lot have been sold.

Art DeMuro
President
Venerable Properties, Inc.
322 NW 5th Ave, Suite 301
Portland, OR 97209-3828
Phone: (503) 224-2446
Fax: (503) 244-2311
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SPEARHEADING ELLIOTT BAY REGIONAL RESTORATION

Timothy J. Clancy, NOAA Restoration Center Northwest

Introduction

Over the past century and a half, urban development and associated activities
have dramatically changed the character of the Elliott Bay and Duwamish River
shorelines.  Changes have included water and sediment pollution and physical
habitat destruction and modification.  The Elliott Bay/Duwamish Restoration
Program is implementing an integrated, urban baywide restoration program.

The Need for Restoration

Prior to development, Elliott Bay supported 600 acres of estuarine habitat and
the lower Duwamish shoreline supported nearly 4,000 acres of wetland habitat.
Wetlands were drained and filled to create land for agriculture, commerce and
urban development.  Diversion of tributaries reduced the river’s drainage basin
and flow by over 70%. Dredging to create the Duwamish Waterway, replaced
nine meandering miles of river with a straight, deep, four-mile-long channel.
The effects of eliminating natural shoreline habitat were compounded by the
filling of marshes and mudflats, creation of steep bulkhead and riprap banks,
removal of vegetation, and construction of buildings and pavement. It is
estimated that these actions eliminated about 98% of the lower Duwamish
River’s wetlands.  It is presumed the loss of intertidal habitat along Elliott Bay
and the lower Duwamish River has had an adverse impact on fish and wildlife
resources.

Pollution of sediment and the water column associated with urban development
has also affected fish and other aquatic life in Elliott Bay and the Duwamish
River. Studies have identified polychlorinated bi-phenyls (PCBs), polycyclic
aromatic hydrocarbons (PAHs), phthalates, and other synthetic organic
chemicals in sediments.  Toxic metals such as mercury, copper, cadmium, silver,
arsenic, zinc, and tin have also been identified.  Areas of contaminated sediment
tend to be located at or near areas of existing or historic industrial activity or at
historic areas of untreated sewage discharges.

The Elliott Bay/Duwamish Restoration Program

The Elliott Bay/Duwamish Restoration Program (EB/DRP) is an inter-
governmental program established under a 1991 Consent Decree to help
remediate contaminated sediment and restore natural habitat associated with
combined sewer overflows and storm drains. The program involves both
sediment remediation and habitat development projects (Figure 1).
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The parties to the consent decree are the U.S. Department of Commerce’s
National Oceanic and Atmospheric Administration (NOAA), U.S. Department
of the Interior (acting through the U.S. Fish and Wildlife Service), Washington
State Department of Ecology, Muckleshoot Indian Tribe, Suquamish Tribe, City
of Seattle and King County Department of Natural Resources (formerly
METRO).

The parties make up the Panel, which has the authority to establish procedures,
determine project funding, gather data, plan and approve projects, establish
source control goals, establish standards and manage projects.  The Panel is
assisted by two technical working groups, a public participation committee, and
a budget committee.

Sediment Remediation

The Sediment Remediation Technical Work Group has been systematically
evaluating the program area to identify sediment remediation opportunities
through a structured process that includes public input.  Remediation is
conducted in accordance with Washington State Sediment Management
Standards.  Four projects have been selected:

1.  Pier 53/55 Cap and Natural Recovery Area
This project was completed in 1992 when 22,000 cubic yards of clean sand was
placed over 4.5 acres of chemically contaminated bottom sediments offshore of
Piers 53,54 and 55 in downtown Seattle.  The site is on property owned by the
Washington State Department of Natural Resources and is at the location of a
former deep water sewer outfall.  The project consists of a 3-foot-thick cap
covering 2.9 acres offshore and an experimental 1-foot-thick enhanced natural
recovery area covering 1.6 acres nearshore.  Monitoring (10-year program)
indicates the cap is stable and not eroding, contaminants are not migrating from
underlying sediments, and the benthic community is approaching the pre-cap
composition.

2.  Norfolk Combined Sewer Overflow (CSO).
The Norfolk CSO project was completed in 1999 and entailed dredging up to 9
feet in PCB “hotspots” and from 3-6 feet in other less contaminated areas of the
site.  1,900 cubic yards of sediment with PCB concentrations greater than 45
ppm (dry weight) and 3,290 cubic yards of sediment with PCB concentrations
less than 45 ppm were dredged and disposed of upland.  6,700 cubic yards of
clean sandy backfill were placed, bringing the cleanup area back to pre-dredge
elevations.  A five-year monitoring program has been implemented.

3.  Duwamish Pump Station CSO/Diagonal Storm Drain.
The Duwamish/Diagonal project is at the site assessment and alternatives
evaluation stage.
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4.  Central Waterfront Cleanup
The Central Waterfront project required a major recontamination study
completed in 1995 and future projects will be determined late in the year 2000.

Habitat Development

The Habitat Development Technical Working Group has identified restoration
opportunities through a structured, public, screening process.  Three Geographic
Focus Areas in the program area were chosen for habitat development projects.
Panel-supported habitat acquisition has also occurred in the middle portion of
the Green River watershed.  Six projects have been identified:

1.  Elliott Bay Nearshore Habitat Enhancement
Completed in February 1998, the project placed oyster shell, quarry spalls, pea
gravel and rock in the otherwise featureless intertidal and subtidal environment
of Duwamish Head on property owned by the Washington Department of
Natural Resources.  Epibenthic monitoring indicates the substrate has provided
enhanced habitat for a variety of important juvenile organisms.

2.  Seaboard Lumber
Currently under construction, this habitat project is located on the site of the
former Seaboard Lumber Mill.  The project design removed and encapsulated
contaminated upland soil, removed pre-existing upland and in-water structures,
and created 1.8 acres of intertidal marsh excavated from elevation +11.2’ to +6’
MLLW, and planted intertidal marsh and riparian vegetation.

3.  Hamm Creek
Currently under construction, the Hamm Creek project will provide 2,300 feet of
new stream channel, fish passable culverts, two acres of freshwater wetland, and
a one-acre intertidal estuarine marsh with a fish friendly connection to the
Duwamish River.

4.  Turning Basin Number 3.
This project (in permitting phase) will provide significant gains in intertidal and
subtidal mudflats through prohibition of moorage, removal of upland and in-
water structures, and recontouring and revegetating filled uplands to provide an
enhanced intertidal estuarine wetland through the creation of intertidal
“benches” at various target elevations.

5.  North Wind’s Weir
This project (in permitting phase) will construct a 1.03 acre intertidal basin
excavated from an elevation of +6 to 15’ MLLW.  Project goals include the
improvement of riparian conditions, shoreline stabilization, and providing new
off-river intertidal habitat for juvenile salmonids at a critical portion of the
Duwamish River.
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6.  Porter Levee
This project was completed by the U.S. Army Corps of Engineers on a 30-acre
parcel of property purchased by the Panel in 1999.  The project restored the
Green River’s connection to 8 acres of isolated side channel and 13 acres of
riparian wetland by excavating a notch in the Porter Levee.  The side channel
was further enhanced by the addition of snags and other habitat features.  The
entire site was replanted with native wetland and riparian vegetation.

Difficulties Encountered / Lessons Learned

Numerous obstacles have been faced and overcome by the Elliott
Bay/Duwamish Restoration Program in the process of achieving restoration.

• Consensus Management
The Consent Decree intended the decision making process to be based, if
possible, on consensus.  While this approach provides equal input of the
seven parties, with input from the public, it can induce delays in the
decision making process while all viewpoints are reviewed and analyzed.

• Limits on Planning and Design Funding
The Consent Decree limited the amount of planning and design expenses to
maximize funds for project implementation.  However, the amount of
planning and design necessary to implement habitat development and
sediment remediation projects has proven to be more expensive than
originally envisioned.  This was especially true for sediment remediation
projects when state laws changed requiring more extensive cleanup plan
documentation. Amending the Consent Decree to shift funds to planning
and design was a lengthy process.

• Real Estate Acquisition
Natural resource agencies compete with developers for limited and
expensive commercial property available along the Duwamish River
industrial corridor and Seattle waterfront.

• Disposal of Contaminated Sediment
Limited disposal options and high disposal costs for contaminated sediment
reduces the amount of site clean-up possible when funding is limited.

• Permitting Requirements
Beneficial restoration projects require federal, state, and local permits like
any other commercial development activity.  This is a lengthy and
expensive process.  Examples of required permits include:



761

Federal
Section 10 of the Rivers and Harbors Act of 1899/Section 404 of the Clean
Water Act [includes National Environmental Policy Act (NEPA) and State
Environmental Policy Act (SEPA)]

State 
Hydraulic Project Approval (Washington State Department of fish and
Wildlife).
Water Quality Certification (Washington Department of Ecology).
Authorization for use of state-owned aquatic land (Washington State
Department of Natural Resources).

Local
Master use/building/grading/drainage/shoreline permits.

• Sediment Remediation Documentation
Conducting the studies and site sampling necessary to prepare documents
required by the Washington State Department of Ecology to conduct
sediment remediation activities is a lengthy and expensive process.

• Other Federal Requirements

Endangered Species Act:
Compliance with the Endangered Species Act adds additional
documentation and time to project implementation due to interagency
consultation requirements. Chinook salmon - National Marine Fisheries
Service (1999). Bull Trout - U.S. Fish and Wildlife Service (1999).

Essential Fish Habitat:
Compliance with the Magnuson-Stevens Act as amended and reauthorized
by the Sustainable Fisheries Act adds additional documentation and time to
project implementation due to Essential Fish Habitat consultation
requirements with the National Marine Fisheries Service.

Conclusion

Restoring lost or injured natural resources in an industrialized, urbanized, and
degraded environment can be frustrating due to limited opportunity, high cost,
consensus decision making, and numerous federal, state and local requirements
for implementation. However, significant progress is being made by the natural
resource trustees comprising the Elliott/Bay Duwamish Restoration Program in
restoring the ecosystems of Elliott Bay and the lower Duwamish River.
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